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The infrared spectra of isotopically labeled diisopropylketones were investigated. The 1712 cm.-1 carbonyl frequency of
diisopropylketone is shifted to 1675 cm.-1 upon C Bsubstitution in the carbonyl group, and to 1681 cm.-1 upon O'8substi-
tution, indicating that it is composed of C=0 and C—C stretches, in agreement with Halford’s treatment of the carbonyl
force constant for unconjugated ketones. The same carbonyl shift, 37 cm.-1, is observed in the spectra of 2-methylpropionic-
1-CBand 2,2-dimethylpropionic-I-C13acids. The 1024 cm.-1 frequency of the ketone, shifted to 1004 cm.-1 upon C13sub-
stitution, and unaffected by either OBor deuterium substitutions in the molecule, is assigned to an uncoupled C—C—C
stretching vibration. The 1203 cm.-1 frequency is assigned to C=0, C—C, and C—H coupled vibrations. Three other fre-

quencies, 1129 cm.-1, 983 cm.-1, and 858 cm.-1 are skeletal vibrations without anv C—O contribution.

Studies of isotope shifts, caused by either C1B3or
CH4 in elucidating the infrared spectra of organic
compounds are practically absent from the liter-
ature. Most of the studies published relate either
to elements or to simple inorganic molecules.23
Isotope shifts in simple organic compounds, caused
by C1 of natural abundance, have been observed
in the Raman spectra and quantitatively reported
in the literature.45

The infrared spectrum of 2,4-dimethyl-3-pen-
tanone-3-C13 exhibited certain pronounced differ-
ences from that of 2,4-dimethyl-3-pentanone. The
data suggested that a study based on the infrared
spectral frequencies of C13labeled compounds, and
some related deuterium and OBderivatives, might
be profitable in elucidating both the assigning of
infrared frequencies and the degree to which
various vibrations are coupled with others. Such
information could help clarify certain regions of
the spectrum, especially the 800-1500 cm.-1 region
where a great deal of controversy exists in the liter-
ature. As far as the degree to which various vibra-
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tions (in complex organic molecules) are coupled
with others is concerned, a fairly good estimate could
often be obtained from cases where the same mole-
cule is isotopically labeled with either C13 or 0 1§
or deuterium, in its various atoms. That such an
estimate might not be too far off from values
calculated by more rigorous methods is shown by
the data regarding the carbonyl frequency of di-

isopropylketones.
RESULTS

This paper reports the results obtained from the
investigation of the following diisopropylketones:
2,4 - dimethyl - 3 - pentanone, 2,4 - dimethyl-
3-pentanone-3-C13  2,4-dimethyl-3-pentanone-013
2,4-dimethyl-3-pentanone-2,4-d2 and 2,4-dimethyl-
3-pentanone-2,4-d23-C13 In addition, the carbonyl
frequency of 2,2-dimethylpropionic-I-C13 acid is
recorded. The infrared spectra were taken with a
Perkin-Elmer double-beam Recording Infrared
Spectrophotometer, Model 21. All frequencies
reported in this paper were calculated from spectra
taken in 4% and 12% (v./v.) solutions in carbon
disulfide, except for those of the dimethylpropionic
acids which were determined in 4% (v./v.) solu-
tions in carbon tetrachloride. The purity of the
samples used for the spectra was ascertained by
vapor phase chromatography, a RECO Distil-
lograph, Model D-2000, equipped with a 40%
(w./w\) silicone oil on Celite column, being em-
ployed for that purpose. The composition of the
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CBlabeled ketones consisted of about 62% labeled
and 38% unlabeled, according to the isotopic
purity of the carbon dioxide used in their synthesis.
The composition of the OBlabeled ketone consisted
of about 35% labeled and 65% unlabeled, according
to the isotopic purity of OB water.

The pertinent spectral frequencies, the experi-
mental frequency differences (Av), and certain
calculated Av values of the investigated com-
pounds are presentee in Tables 1-HI. The in-
frared spectra of some of them are shown in Figs.
1-3.

Fig. 3
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INFRARED SPECTRA OF ISOTOPICALLY LABELED COMPOUNDS

TABLE |

Infrared Spectral Frequencies of Diisopropylketoxes

Compound

2,4-Dimethyl-3-pentanone
2,4-Dimethyl-3-pentanone-3-C13

Ac Experimental

AmCalc, from (mC=0) and (nC13=0)

AmCalc, from (mC—C) and (nC13—C)

AmCalc, from (mMCO—CH(CH3)2) and (mC 13 —CH(CH,)s)

317
Wave Number (cm. B (MY mi) '~
1712 1203 1129 1024 983 858
1675 1190 1120 1004 972 853
37 13 9 20 u 5
38 27 25 23 22 19 1.0227
34 24 22 20 19 17 1.020
19 13 12 n n 9 1.011

a mi is the reduced mass calculated from the C22compound and Mthe reduced mass calculated from the C13compound.

TABLE 1l

Infrared Spectral Frequencies of 2,4-Dimethyl-3-pentanone-()18

Compound
2,4-1)imethvl-3-pentanone 1712 1129
2,4-Dimethyl-3-pentanone-08 1681 1129
AmEXxperimental 31 0
AmCalc, from (mC=0) and (mC =0 19 42

Wave Number (cm. ¥ (Myiy 2
1203 1024 983 858
1192 1024 983 858
1n 0 0 0
29 1.025

“mi is the reduced mass calculated from the unlabeled ketone and Mis the reduced mass calculated from the O Blabeled

TABLE 111

ketone.
Infrared Spectral

Compound
2,4-Dimethyl-3-pentanone-2,4-d2 2175
2,4-1)imethv 1-3-pentanone-2,4-d23-C13 2175
AmEXxperimental 0

AmCalc, from (nC =0) and (nC13==0)

AmCalc, from (nC—C) and (mC13—C)

AmCalc, from (mCO—CD(CH?3>and
(mC1® —CD(CH3?2

DISCUSSION

The most striking differences in the spectra of
2,4-dimethyl-3-pentanone  and  2,4-dimethyl-3-
pentanone-3-C13 Fig. 1 and Fig. 2, respectively,
occur in the carbonyl and the 1024 cm.-1 regions.6
The 1712 cm.-1 frequency (the well known car-
bonyl stretch) is lowered to 1675 cm.-1 upon CB
substitution in the carbonyl group of diisopropylke-
tone. The shift, 37 cm.-1, is in good agreement with
the 38 cm.-1frequency difference calculated from the
reduced masses of the carbonyl groups without
taking into account the mass of the rest of the mole-
cule. The same shift, 37 cm.-1, is observed in the
spectra of 2-methylpropionic-I-C13 and 2,2-di-
methylpropionie -1 - C1acids, e.g., 1701 cm.-1 and

(6)
trum of 2,4-dimethvl-3-pentanone-3-C13 The coupling con-
stant between the C1B3and the methyl hydrogens (about 6
c.p.s.) is about twice as large as the coupling constant be-
tween the C13and the tertiary hydrogens. The same coupling
constants are observed with 2,4-dimethyl-3-pentanol-3-C13
and 2,4-dimethylpentane-3-C13 Anomalies of this Kkind,
involving either hydrogen-fluorine or hydrogen-mercury
couplings, have been reported in the literature: M. Sharts
and J. D. Roberts, ./. Am. Chem. Soc., 79, 1008 (1957);
H. H. Jaffe et al., J. chem. Phys., 30, 1422 (1959); P. T.
Narasimhan and M. T. Rogers, J. Am. Chem. Sor., 82, 34
(1960).

Frequencies of 2,4-Dimethyl-3-pentanone-2,4-ii2 and 2,4-Dimethyl-3-pentanone-2,4-ii223-C 13

Wave Number (cm.-1)

2140 1712 1203 1052 1024 867 838
2140 1675 1190 1042 1004 860 835
0 37 13 10 20 7 3

38 27 23 23 19 19

34 24 20 20 17 17

19 13 n n 9 9

1664 cm.-1 for 2,2-dimethylpropionic and 2,2-di-
methylpropionic-I-C13 acids respectively.

The good agreement between experimental shift
and the one obtained from theoretical calculations
does not necessarily indicate that the carbonyl
frequency of diisopropylketone is a diatomic vibra-
tion7 without any contribution from other vibra-
tions. One could very well explain it by suggesting
that it is composed of 75% C =0 stretch and 25%
C—C stretch. It is interesting to note that the
carbonyl shifts obtained by Braude and Turner3
on the OB carbonyl labeled 1-phenylallyl-p-
nitrobenzoate and by Halmann and Pinchas9
on the OB labeled benzophenone correspond only
to 75% of the theoretical shift. FrancisDsuggests,
from a normal coordinate treatment of the skeletal
modes of the acetone molecule, that the 1720 cm.-1

It might be interesting to report here the NMR spec-frequency of acetone includes about 80% of C=0

stretching and about 20% of C—C stretching vibra-

(7) The term “diatomic vibration” is meant to indicate
that the vibration is solely due to the motions of the two
atoms involved, the rest of the atoms being treated as rigid.

(8) E. A Braude and D. W. Turner, chem. & Ind.,
(London), 1223 (1955).

(9) M. Halmar.n and S. Pinchas, J. chem. Soc.,
(1958).

(10) S. A Francis, J. Chem. Phys., 19, 942 (1951).
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tions. Jonesll has observed small carbonyl shifts,
in the order of 1-5 cm.-1, in some a-deuterated
ketones in the steroid series, which again suggests
that the carbonyl stretch in that series is not an
uncoupled one. Halford’s2 treatment of the
carbonyl force constant for unconjugated ketones
clearly suggests that both the C=0 and C—C
stretchings are involved in the carbonyl frequency.
In order to elucidate this point the infrared spec-
trum of 2,4-dimethyl-3-pentanone-018 was ex-
amined. The carbonyl stretch was shifted by 31
cm.-1, which corresponds to 74% of the calculated
value. This finding is taken as an indication that
the carbonyl frequency of diisopropylketone is a
mixed one, composed of about 74% C =0 stretch
and 26% C—C stretch. The lack of evidence that
any other vibrations are involved strongly sup-
ports Halford’s treatment of the carbonyl force
constant for unconjugated ketones.

The 1024 cm.-1 frequency, a sharp strong band
characteristic of many ketones, is shifted to
1004 cm.-1 upon CI13 carbonyl labeling, and is
assigned here to an uncoupled C—C—C stretch-
ing between the carbon of the carbonyl group and
the secondary carbons of the isopropyl groups.
The experimental Avvalue, 20 cm.-1, is in excellent
agreement with the 20 cm.-1 value calculated from
the reduced masses of (C—C) and (C13—C).
The possibility that a C=0 vibration might con-
tribute is discounted by virtue of the data obtained
from 2,4-dimethyl-3-pentanone-0H which show
that the 1024 cm.-1 frequency is unaffected.
Likewise, the data of the dideuterated ketones
reduce the contribution of any other vibration to
insignificantly small proportions. The data, there-
fore, clearly point to the existence of an uncoupled
vibration between three atoms which are deeply
imbedded into the skeleton of a molecule. This,
to the knowledge of this author, is the first case
of this kind known.

The 1200 cm.-1 frequency of ketones has been
assigned by Kohlrauschl3 to the nonsymmetric
C—C stretching vibration and by Francisto the
coupled vibrations¥4 of C=0 and C—C. Although
the C13 data alone do not clearly differentiate

(11) It. X. Jones, A. R. H. Cole, and B. Xolin J. Am.
Chem. Soc., 74, 5662 (1952).

(12) J. O. Halford, 3. chem. Phys., 24, 830 (1956).

(13) Tv. W. F. Kohlrausch, Ramanspc.ktren (Akademische
Verlagsgesellschaft Becker and Erler, Leipzig, 1943), p. 103.
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between the two possibilities, when taken together
with the results of 2,4-dimethyl-3-pentanone-08B
they support Francis’ assignment. The 1129 cm.-1,
983 cm.-1, and 858 cm.-1 frequencies are assigned
to skeletal vibrations all of which possess a con-
siderable contribution of C—H vibrations, since
they are all shifted tc 1052 cm.-1, 867 cm.-1, and
838 cm.-1 respectively upon dideuteration. The
fact that these frequencies are unaffected in the
spectrum of 2,4-dimethyl-3-pentanone-013 excludes
any C =0 contribution.

EXPERIMENTAL

2.4- Dimethyl-3-pentanor.e-3-Cu. Preparation of 24-di-
methyl-S-pentanone-S-CB will be described elsewhere.

2.4- Dimethyl-3-pentanone-0ls. 2,4-Dimethyl-3-pentanone
(0.3 ml.) was shaken for 18 hr. with 41% atom excess O18
water (0.5 ml.) in the presence of a small drop of 70% per-
chloric acid. The organic layer was separated and vapor
phase chromatographed.

2.4- Dimethyl-3-pentanor.e-2,4-D2. A solution of 2,4-di-
methyl-3-pentanone (0.2 g.) in anhydrous ether (5 ml.)
was shaken for 16 hr. with heavy water (5 g.) and sodium
hydroxide (0.02 g.). The ether layer was separated, dried
over anhydrous sodium sulfate, the ether evaporated, and
the residue vapor phase chromatographed. The same pro-
cedure was followed in the preparation of 2,4-dimethyl-3-
pentanone-2,4-d23-C13

Acknowledgments. The author is grateful to
Professor Paul D. Bartlett for his great encourage-
ment to pursue this work, despite the fact that it
was incidental to the author’s thesis, and for his
helpful suggestions; to Professors W. A. Klemperer
and E. L. Eliel for their valuable discussions and
comments on this work, and to Dr. D. Samuel
for generously providing the OB labeled water.
Also, he thanks the National Science Foundation
for financial help.

E ast Lansing, Mich.

(14) It seemed surprising that certain frequency shifts,
especially those of 1203 cm.-1 and 983 cm.-1 frequencies,
could be well correlated with calculations based upon the
reduced masses of the carbonyl and isopropyl groups (corre-
sponding to the assumption that the isopropyl group vi-
brates against the effective mass of the carbonyl group).
However, the data (Table I11) of the 2,4-dideuterated ke-
tones suggest that such a forrelation is more fortuitous than
significant. The 1203 cm.“1frequency is unaffected by deu-
tération, while a shift of about 4 cm.-1 is expected from
theoretical calculations; the shifts of the 1129 c¢m.-1, 983
cm.-1, and 858 cm.-1 frequencies are too large to substan-
tiate such a hypothesis.
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Acetals have been made in 70-98% yields by reaction of acrolein and various alcohols, largely 1,2- and 1,3-glycols, ft-
Chloro-, hydroxy-, cyano-, and a,*-epoxy-derivatives otherwise difficultly accessible are readily prepared from the acetals

derived from 2-methyl-2,4-pentanediol or pentaerythritol.

Acrolein contains two highly reactive groups,
an aldehyde and an ethylenic linkage. Numerous
examples of addition to both the carbonylic and
ethylenic functions are known.1Early attempts to
form unsaturated acetals led to mixtures in which
extensive addition to the double bond occurred.2
Recently, however, a number of publications have
indicated that in acidic media the carbonylic func-
tion is slightly more reactive toward alcohols than
is the ethylenic group and in particular that sub-
stituted 1,2- and 1,3-glycols tend to form cyclic
acetals. Schulz and Wagner3 prepared 3,9-divinyl-
2,4,8,10-tetroxaspiro-(5,5)-undecane (diallylidene-
pentaerythritol), I, from pentaerythritol and a
large excess of acrolein,

0—ch2 ch2-0
/ \/ \
CH2=CH—ch c

\ !\ /
0—ch2 ch,—o

ch—ch=ch2

while Neish and MacDonald4 produced Z-2-vinyl-
4,5-dimethyl-1,3-dioxolane 11

O—CH—CH3
CH*=CH—Crf?

\
0—CH—CHS3
1

from Z-2,3-butanediol. A recent patent6 discloses
that by means of very low catalyst concentrations
(0.001 to 0.010 mole percent p-toluenesulfonic
acid) and removal of water at temperatures below
50° for 24-36 hours, lower aliphatic acrolein acetals
can be prepared in 50-80% yields.

We have found, however, that three factors can
be controlled to maximize acetal formation while
minimizing addition to the ethylenic link: 1)
catalyst concentration should be reduced to the
lowest value consistent with a practical rate while

(1) S. A Ballard, H. de V. Finch, B. P. Gever, G. W.
Hearne, C. W. Smith, and R. R. Whetstone, “Chemicals
from Acrolein,” Proceedings of the Fourth World Petroleum
Congress, Section IV C, Rome, Italy, 1955.

(2) org. syntheses I, 17, 137 (1943).

(3) H. Schulz and H. Wagner, Angew. Chem. 62,
(1950).

(4) A. C. Neish and F. J. MacDonald, can. J. Research
25B, 70 (1947).

(5) D. R. Myers, B. J. Magerlein, and G. W. Staffen,
U. S. Patent 2,678,950 (1954) to Upjohn Co.
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minimizing addition to the olefinic bond; 2) 1,2-
or 1,3-glycols should be used, as they lead to the
more stable cyclic acetals; 3) glycols substituted on
the hydroxyl-bearing carbons are preferred, as
such substitution favors ring formation while
hindering addition to the ethylenic bond.

A number of representative acrolein cyclic acetals
have been prepared in 70-98% yield. In most cases
distillation without fractionation from the reaction
mixture has given products with analyses in agree-
ment with the theoretical values. The products
from 1,2-glycols are 2-vinyl-l,3-dioxolanes. 1ll,
while from 1,3-glycols one obtains 2-vinyl-1,3-
dioxanes, IV. Table | summarizes the products

O—CHR R'
CHo=CH—CH o—d R
'O_CHR'  CH2=CH—CH  dn2

1T b—¢n

v R

obtained and reaction conditions employed for the
best yields obtained from various alcohols. Many
of the compounds in Table I have not been de-
scribed in the literature (marked with an asterisk),
and except for *he pentaerythritol and 2,.3-butane-
diol acetals, none has been prepared previously in
good yield. For cyclic acetals two-five times as
much catalyst as for noncyclic acetals could be
used and the reaction temperature could be raised
to 80°. This reduced the reaction time to as little
as 50 minutes when using the efficient drying sol-
vent, benzene. Under these conditions, the yield of
I was increased to 80% while reducing the excess
acrolein from 300%2to 20%. To illustrate the gen-
erality of the reaction, allyl alcohol and crotonal-
dehyde have also been included. The more complex
polyol, sorbitol, however, gave only 33% vyield of
triallylidene sorbitol, probably V, in addition to
much polymer.

CH2— CH—CH— CH—CH— CH2

1
V . v/
¢H cIH cIH
CH2 CH2 CH,



320 FISCHER AND SMITH VOL. 25
TABLE |
Synthesis of Acrolein Acetals
Conversion Excess Mole % of
of Alcohol Yieldon Acrolein Catalyst6  Reaction
Alcohol Product* to Product Alcohol Present. Solvent Present Time
Allyl alcohol Acrolein diallyl acetal 2% 75% None  Petroleum 0.0010 24 hr.
ether
2,3-Butanediol I, R=R'=CH3 86% 86% 10% Benzene 0.020 3  hr
2-Methyl-2,4- IV,R=R'=R"=CHZ% 98.5% 98.5% 10% Benzene 0.026 2.5 hr.
pentanediol
Glycerine I, R=11, R'=CH,OH 78.5% 88% 20% Benzene 0.023 50 min.
1,2,6-Hexanetriol I, R=HC
R'=CH,CHZXH,CHDH  ggy 88% 50%  Benzene 0.020 50 min
Glycerol a-mono- I, R=H.R'=CHZXL 75% 75% None  Benzene 0.056 15 hr.
chlorohydrin
Trimethylene glycol IV,R=R'=R"=H 78% 78% None  67% Benzene  0.043 3 hr
33% Ether
Ethylene glycol I, R=R —IIC 58% 58% 10% 67% Benzene 0.025 9 hr
33% Ether
Pentaerythritol Diallylidenepentae- 86% 86% 20% Benzene 0.070 2.5 hr.
rythritol, |
Sorbitol Triallvlidenesorbitol, Ve 33% 33% 10% Benzene 0.059 8 hr.
Pentaerythritol (with Dicrotonylidenepenta- 95% 95% 10% Benzene 0.048 3  hr
crotonaldehyde) erythritoP
O—CHR

/
““111” is the generalized 2-vinyl-1,3-dioxolane, CH2=CH —CH

“IV” is the generalized 2-vinyl-1,3-dioxane,

O—CHR'
R
/
0—CH
/
CH=CH—CH CHz2 b p-Toluenesulfonie acid. ¢ Apparently new compounds.
\) —C—R"
I
R'

In two cases which gave relatively low yields O—CHS 10
under the usual conditions, catalysis with sulfuric  cH,=cH—cH e
acid adsorbed on silica gel has given marked im- \ o li-

ci—CH

provements. Thus unsaturated acetals were pre-
pared from ethylene glycol and glycerine in 70 and

(,

83% yields. Corresponding yields with p-toluene- 0—ch2
sulfonic acid were 58 and 54% (for large runs). CHi=CH—CH
. i=CH—
Although two structures are possible for the
glycerine acetal, the isomer containing the five- O0—CH
membered ring predominates. Hibbert and Whelan,6 CH.OH

who prepared an acetal (10% vyield) by thermal
reaction of glycerine and acrolein, methylated their
product and then hydrolyzed it to the known
glycerol a-methyl ether. The main product ob-
tained by alkaline hydrolysis of the glycerol a-
monochlorohydrin acetal has substantially the
same infrared absorption spectrum as does the
glycerine acetal obtained direct™. The boiling
range of the compound is generally taken as
65-70° (1 mm.), but there is usually a small fore-
cut starting at 55°. As it was desired in one case
to obtain a very pure sample, a large composite
which had previously boiled in the range 65-70°
(1 mm.) was fractionated through a 20-tray bubble
plate, Oldershaw, column.

(6) H. Hibbert and M. Whelan, ./. Am. Chem. Soc. 51,
3115(1939).

(The isomers may be in equilibrium, however.)
0—ch?2
CH2=CH—CH
' O—CH

|
chdh
o—ch?2

CHOH
AO—¢ I,

CH2=CH—CH

At a reflux ratio of 60:1, the head temperature
remained at 54-55°, np, 1.4680. When 20% of
the material had been taken overhead, the reflux
ratio was changed to 20:1, whereupon the head
temperature rose gradually to 65°. Here 33% of
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the material was taken, b.p. 65-67° (1 mm.)
7d 1.4612. It is possible that under the very high
reflux ratio, time was available for slow transfor-
mation of the common high-boiling isomer to a low-
boiling one.

The acetal from glycerol a-monochlorohydrin,
2-vinyl-4-chloromethyl-1,3-dioxolane has also been
obtained from acrolein and epichlorohydrin in the
presence of stannic chloride. This is apparently
the first unsaturated acetal obtained from acrolein
and an epoxide.

The nearly quantitative yield of the acrolein
acetal of 2-methyl-2,4-pentanediol is especially
noteworthy and has led to the study of some of
the reactions of the product, 4,4,6-trimethyl-2-
vinyl-1,3-dioxane, VI.

CH3
/
O0—CH

/ \
CH2=CH—CH CH2

\ /
O—C(CHs)2
VI

Dry hydrogen chloride simultaneously adds to
the double bond of acrolein and catalyzes acetal
formation. From 2-methyl-2,4-pentanediol, 2-(2-
chloroethyl)-4,4,6-trimethyl-1,3-dioxane, VII, was
obtained in 94% vyield, while 2,3-butanediol af-

forded 2-(2-chloroethyl)-4,5-dimethyl-I,3-dioxo-
lane, VIII.
CH1
O—C/H 0—chch3
cichzchzch/ ! ch2 ClCHZCHZCH/
! O—C/(CHs’)z ' 0—ct!ch3

VIl VIl

This general type of compound has been obtained
previously only in poor yield.7

Reaction of the chloride, V11, with aqueous alkali
at 160° gave the cyclic /3-hydroxypropionaldehyde
acetal, IX, (80% vyield), and hydrogenolysis of this

CH3
O—CH
HjO /
VIl — ncchZhZXZh ch?2
OH- \
X O—C(CH32
ch3
/
O—CH
/ | IL, H+
®> hoch,ch,ch ch2  -————- A
\ | Pd
O—C(CH32
IX
HOCH%:HZ:HZDH
(CH3.,c—CH,—CH—CH3
| |
OH OH

@) M. Bergmann, A. Miekelev, and E. V. Sippmann,

Ber. 62B, 1467(1929).
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compound yielded trimethylene glycol in 50% yield.
When V11 is treated with sodium cyanide, the acetal
of /3-cyanopropionaldehyde, X, is obtained in 95%
yield. The epoxide X1 was prepared in fair purity

CH,
/
0 0—CH
[\ / \
CH2--CH—CH CH,

\ [
o0—C(ClI3),
X1

by epoxidation of VI with peracetic or peroxytri-
fluoroacetic acid, but preparation via chlorohydri-
nation proved to be a better route. Two chloro-
hydrination procedures were used; in one, carbon
dioxide was passed into an emulsion of VI in aque-
ous calcium hypochlorite. The product probably
consisted largely of 2-(1-chloro-2-hydroxyethyl)-
4,4,6-trimethyl-1,3-dioxane, XII, but may have
contained the 1-hydroxy -2-chloro isomer.

clI3

cl O—dH
HocHz—CH—cH  ‘cr2
\> —C(CH3),

X1l

Dehydrochlorination of the chlorohydrin gave
X1 in 90% purity in good yield. Overall yields
from acrolein were 55%. The chlorohydrin was
acetylated, but failed to react with ammonia or
potassium phthalimide.

When chlorohydrin samples were prepared from
hypochlorous acid generated from chlorine and
sodium hydroxide the epoxide ultimately obtained
was persistently contaminated with unidentified
chlorine-containing impurities.

Mondon8 has described the peroxide-catalyzed
reaction of aldehydes with simple acrolein acetals,
and we have found that VI reacts similarly to give
the cyclic levulinic aldehyde acetal.

CHS3
o—cH
cixzocHzHxH ' en,
Yoo /C(CH3)2
X111

The acetal VI has also given adducts with cyclo-
pentadiene and hexachlorocyclopentadiene.

(8) A. Mondon Angew. Chem. 64, 224 (1952).
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Properties of Acrolein Acetals
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Starting Alcohol Product® B.P.
Allyl alcohol Acrolein diallyl acetal 75°/28 mm.
2,3-Butanediol 1. R=R'=CH3 56-58742
mm.
2-Methyl-2,4- IV.R=R'=R'=CE3 62-64718
pentanediol mm.
Glycerine 1. R=H 70-7272
R'=CH,OH mm.
1,2,6-1lexanetriol Ill, R=H 95-10570.2
r==ch,ch,ciizhdh mm.
Glycerol a-mono- Ill. R=H 60°/9 mm.
chlorohydrin R'=CH,C1
Trimethylene IV,R=R'=R'=H 65-66744
glycol mm.
Ethylene glycol I, R=R'=H 114-116°/
atm.
Pentaerythritol Uiallylidenepentae- 93-471
rythritol | mm.
Pentaerythritol- Dicrotonylidene 130-132°/
crotonaldehyde pentaerythritol 0.5mm.
Sorbitol Triallylidene sorbitol V 149-151°/
0.9 mm.

%) Analyses, %
1.4380 Caled.: C, 70.2; H, 9.2; Br2No, 312 g./100 g.
Found: C, 70.C; H, 9.2; Br2No, 315 g./100 g.
1.4282 Caled.: C, 65.6; H, 9.4; Br2No, 124 g./100 g.
Found: C, 65.4; H, 9.5; Br2No, 118 g./100 g.
1.4381 Caled.: C, 69.E; H, 10.2; Br2No, 102 g./100 g.
Found: C, 69.1; H, 10.3; BrsNo, 100 g./100 g.
1.4647 Caled.: C, 55.4; H, 7.7; OH value, 0.77 eq./100 g.
Found: C, 55.4; H, 8.0; OH value, 0.76 eq./100 g.
1.4641 Caled.: C, 62.7; H, 9.4; OH value, 0.58 eq./100 g.
Found: C, 62.3; H, 9.4; OH value, 0.63 eq./100 g.
1.4611 Caled.: C, 48.5; H, 6.1; Cl, 23.9
Found: C, 48.(; H, 6.3; Cl, 24.2
1.4438 Caled.: C, 63.1; H, 8.8
Found: C, 62.9; H, 8.8
1.4327 Caled.: C, 60.0; H, 8.0
Found: C, 60.6; H, 8.1
M.P. 42° Lit,343°
M.P. Caled.: C, 65.1; H, 8.3; Br2JNo, 133 9./100 g.
50-52° Found: C, 64.9; H, 8.4; Br2No, 131 g./100 g.
1.4865 Caled.: C, 60.8; H, 6.8; Br2N o, 162 g./100 g.

Found: C, 60.9; H, 6.9;Br2No, 158g./100g.

““HI1” is the generalized 2-vinyl-l,3-dioxolane, CH2=CH —CH—O—CHR

“1V” is the generalized 2-vinyl-1,3-dioxane, CH=CH —CH—O—CHR

Attempts to add hydrogen sulfide to VI in the
presence of cobalt polysulfide9 led largely to the
disulfide (XVI,x = 2) and trisulfide (XVIx =
3). The disulfide may have arisen from the thiol

"(CH32— c— o
Clif chch,ch2 Sx
\ /
CHjCH—O 2
XVI

during the workup but was also obtained from 0-
chloropropionaldehyde acetal and sodium sulfide.
The diacetal | from pentaerythritol and acrolein
has served as the precursor of a series of bifunctional
derivatives. Addition of hydrogen chloride gave the
bis(d-chloropropionaldehyde acetal) XV1la in 80%
yield, and reaction of XVIla with sodium cyanide
has given the dinitrile XVIIb in 50% yield.

O0—CH, CH,—O

/ \ \
XCH,CH,CH C CHCHZCH,X
\ [\ /
()—CH, CH,—0
XVII a. X = Cl
b. X = CN

Epoxidation of | with peracetic acid gave mainly
monoepoxide, along with small amounts of di-
epoxide.

9) A. M. Alvarado, U. S. Patent 2,402,586 (to E.

du Pont de Nemours and Co.) (1946).

O— C— ¢Hi
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EXPERIMENTALI0

Acrolein Acetals. General. Benzene soluble glycols were
mixed with a small excess of acrolein, 1-3 volumes of an
azeotroping solvent (usually benzene) and a small quantity
of p-toluenesulfonic acid and then refluxed vigoroushr under
a phase separating head until water evolution had ceased.
After excess acrolein and some benzene had been removed
through the head, the residue was cooled and an excess
of calcium oxide was stirred into the solution. After filtra-
tion (sometimes omitted) the solvent was removed and the
residue was distilled at reduced pressure. When benzene-
insoluble glycols were used, a stirred three-necked flask
was employed. Conditions were listed in Table | and the
products are described in Table I1.

2-Vinyl-Jf-hydroxymethyl-1,3-dioxolane. Solid Catalyst. In
a 2-1, three-necked flask equipped with stirrer and phase-
separating head were placed 228 ml. (3.2 mol.) of 96%
acrolein, 276 g. (3.0 mol.) of glycerine, 600 ml. of benzene
and 0.15 X 10-4 mol. of sulfuric acid adsorbed on 0.3 g.
silica gel.l1 After 3 hr. under reflux, 62 ml. of water layer
had been removed. The clear solution was decanted and the
solvent removed at redueed pressure. Distillation from a
Claisen flask gave 327 g. (83%) of crude 2-vinyl-4-hydroxy-
methyl-1,3-dioxolane b.p. 70-125° (2 mm.) (90% between
75° and 85°). The residue weighed 56 g.

Several such preparations were combined and distilled
through a 20-tray bubble plate column at reflux ratios
varying from 20:1 to 60:1. The following fractions were
taken at 1mm.

(10) Melting points corrected; boiling points not cor-
rected.

(11) Prepared by addition of 40 ml. of water containing
0.5 g. of sulfuric acid to 100 g. of dry silica gel (Davison,
grade 9-12, 28-200 mesh), followed by stirring on a hot plate

I.until the silica is free-flowing. We are indebted to Dr. L. C.

Fetterly of these laboratories for this material.
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Fraction B.P.° Weight, g. n ? Yield, %
1 54-58 224 1.4680 26
2 58-65 106 1.4639 12
3 65-67 338 1.4612 39
4 67-75 101 1.4620 12
5 75-78 43 1.4650 5
residue — 64 — 6

Fractions 1 and 3 may be respectively the isomeric dioxane
and dioxolane. Fractions 4 and 5 are probably merely less
pure dioxolane. Numerous earlier fractionations had shown
only a very small low-boiling fraction, and it is therefore
possible that conversion was occurring during the distilla-
tion.

Several attempts to prepare large amounts of this acetal
with p-toluenesulfonic acid catalysis gave relatively poor
yields. For example, from 3.1 mol. of glycerine, 4.15 mol.
of acrolein and 0.2 g. of p-toluene-sulfonic acid, only 1.7
mol. (54%) of crude monomer was obtained. On redistilla-
tion through a 2-foot helices-packed column an analytically
pure sample was taken as 2-vinyl-4-hydroxymethyl-I,3-di-
oxolane, b.p. 67° (0.6 mm.).

Anal. Calcd. for C8H103: C, 55.4 H, 7.7; OH, 0.77 eq./
100 g.; BrNo., 123 g./IOO g. Found: C, 55.1; H, 7.9; OH,
0.78 eq./IO0 g.; BraNo., 123 g./100 g.

Several redistillations of the high boiling residue gave
36 g. (32 ml.) of pure material, b.p. 129° (0.10 mm.), nZ
1.4733. Its analysis was in agreement with a linear dimer
of the acrolein-glycerine acetal from addition of the hy-
droxyl group of one molecule to the ethylenic linkage of
another.

Anal. Calcd. for CIHZ06: C, 55.4; H, 7.7; OH, 0.38
eq./I0OO g., BrNo., 61.5 ¢./IOO g., acetal-bound acrolein,
21.6%;12) (acetal + ether) bound acrolein, 43.1%.13Found:
C, 55.5; H, 7.7; OH, 0.40 eq./IOO g., BrNo., 61 ¢./IOO
g.; acetal-bound acrolein, 23%; (acetal + ether) bound
acrolein 45%.

Reaction of Acrolein and Epichlorohydrin. A solution of
156 ml. (2.2 mol.) of acrolein and 189 g. (2.0 moles) of epi-
chlorohydrin in 500 ml. of benzene was dried by refluxing
under a phase separating head. The solution was cooled to
20° and 1.4 g. of stannic chloride in 20 ml. of benzene was
added with stirring. The temperature was held at 35° (ice
cooling) for 1.5 hr., then 0.7 g. of stannic chloride in benzene
was added, and the mixture was allowed to stand overnight.

Five grams of calcium oxide was added with stirring, after
which the benzene and excess acrolein were removed at re-
duced pressure. The residue was distilled (Claisen still).
After 8 g. of forcut b.p. 45-53° (10 mm.), probably largely
recovered epichlorohydrin, the bulk of the product boiled
in the range 55-67° (10 mm.) nz 1.4603; yield 210 g. (71%,
based on epichlorohydrin used).

2-(2-Chloroethyl)-4.,4,6-trimethyl-1,3 dioxane (VII). Dry
hydrogen chloride was bubbled with stirring into a solution
of 236 g. (2.0 mole) of 2-methyl-2,4-pentanediol and 142 ml.
(2.0 mole) of 96% acrolein in 350 ml. of chloroform at —15°
to —10°. When hydrogen chloride was no longer absorbed,
the aqueous la3®r which had formed was separated, the
organic layer was washed with water and bicarbonate solu-
tion, dried, filtered, and relieved of solvent in vacuo. Dis-
tillation of the residue from a Claisen flask gave 360 g.
(94% vyield) of product, b.p. 69-77° (5 mm.). A center cut
b.p. 71° (5 mm.) gave analyses in agreement with 2-(2-
chloroethyl)-4,4,6-trimethyl-1,3-dioxane.

Anal. Calcd. for C84,021: C, 56.2; H, 8.8; Cl, 184.
Found: C, 56.1; H, 8.9; Cl, 18.5.

(12) p-Phenylenediamine method.

(13) Dinitrophenylhydrazine - potassium  hydroxide
method. Both methods developed by Analytical Research
Groups, Shell Development Company, and performed under
the supervision of Mr. J. L. Jungnickel.
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2-(2-Chloroethyl)-4,5-dimethyl-1,3-dioxolane (VIIl). This
was prepared similarly from acrolein, 2,3-butanediol, and
hydrogen chloride gas. The product, b.p. 72-88° (20 mm.)
was obtained in 77% yield; a heart cut, b.p. 85° (20 mm.)
nD 1.4419 was analyzed.

Anal. Calcd. for C7THID 2C1: C, 51.1; H, 8.0; CI, 21.5.
Found: C, 51.0; H, 8.0; Cl, 22.0.

2-{2-Hydroxyethyl)-4,4fi-trimethyl-1,3-dioxane  (IX). A
mixture of 112 g. (0.5 mole) of the cyclic 0-chloropropion-
aldehyde acetal VII, 300 ml. of water, and 16 g. of sodium
carbonate were placed in a stirred 1-1 autoclave. No ap-
parent reaction occured at 140°, but at 160° 27% sodium
hydroxide had to be pumped into the autoclave to maintain
the pH at 8-9. In 6 hr., 61 ml. (94% of theory) was con-
sumed, after which no further reaction occurred. The cooled
product was taken up in ether, dried, filtered, and relieved
of solvent. Distillation of the residue (Claisen) gave 82 g.
(82% vyield), b.p. 82-92° (3 mm.). Redistillation through a
2-foot helices-packed column gave a complete recovery;
b.p. 69° (1 mm.), nZ 1.4485.

Anal. Calcd. for CHI® 3 C, 62.1; H, 10.4; OH value,
0.58 eq./IOO g. Found: C, 62.1; H, 10.4; OH value, 0.58
eq./100 g.

Hydrogenolysis of 2-(2-hydroxyethyl)4,4,6-trimethyl-1,S-di-
oxane. A solution of 55 g. (0.316 mole) of the acetal (1X)
in 100 ml. of 20% acetic acid was hydrogenated at 100°
and 1000 p.s.i.g. in a stainless steel vessel over 5 g. of 10%
palladium on charcoal. After filtration the water and acetic
acid were removed in vacuo, leaving 58 g. of residue. Twenty-
six grams (45%) of this residue was distilled in a Piros-
Glover spinning band column. There was obtained a 94%
recovery of 2-methyl-2,4-pentanediol, b.p. 114.5° (35 mm.),
na 14274, and 4.7 g. (48% yield) of trimethylene glycol,
b.p. 130° (35 mm.)nD 1.4388.

Anal. Calcd. for CH®2: C, 47.4; H, 10.6; OH value, 2.63
eq./lI00 g. Found: C, 46.9; H, 10.6; OH value, 2.63 eq./l00 g.

The actual yield of trimethyl glycol was doubtless higher,
as the kettle and still drainings amounted to 3 g. probably
largely trimethylene glycol.

2-(2-Cyanoethyl)-4,4,6-trimeihyl-1,3-dioxane (X). A mix-
ture of 95 g. (0.5 mole) of 2-(2-chloroethyl)4,4,6-trimethyl-
1,3-dioxane and 26.5 g. (0.52 mole) of sodium cyanide was
refluxed with stirring in 300 ml. of methyl cellosolve for 19
hr. After cooling, 1.5 g. of water was added and the mixture
was extracted four times with chloroform. The extracts
were washed with water, dried, filtered, and freed of solvent.
Distillation from a flask equipped with a Claisen head
gave 87 g. (95% yield) of the nitrile, b.p. 85-7° (2 mm.).

Anal. Calcd. for CIHINO2 C, 65.5; H, 9.4; N, 7.6.
Found: C, 65.3; H, 9.4; N, 7.2.

2-{1,2-Epoxyethyl)-4,4,6-Irimethyl-1,3-dioxane (XI). With
peracetic acid. Fcrty-nine grams of 45% peracetic acid
was added with stirring to 39 g. (0.25 mole) of VI in 150 ml.
of chloroform. The temperature rose to 27°, whereupon
cooling water was applied. After standing overnight, titra-
tion indicated no more peracetic acid was present. The
solution was washed with water and bicarbonate, dried, and
relieved of solvent. Distillation and redistillation through
a 2-foot helices-packed column gave 18 g. of starting acetal,
b.p. 65-70°C. (17 mm.), ra® 1.4355, and 12 g. of 2-(l,2-
epoxyethyl)-4,4,6-crimethyl-1,3-dioxane, b.p. 96-99° (15
mm.), na 1.4461.

Anal. Calcd. for CsH~Ch: C, 62.8; H, 9.4; epoxide value,
0.58 eq./IOO g Found: C, 63.3; H, 9.3; epoxide value, 0.60
eq./I00 g.

2-{3-Ketobutyl)-4,4,6-trimethyl-1,3-dioxane (XIII). A mix-
ture of 78 g. (0.5 mole) of VI, 66 g. (1.5 mole) of acetalde-
hyde and 4 g. of azobisisobutyronitrile was held at 80°
for 40 hr. in a Hastelloy vessel. After removal of excess
acetaldehyde the product was distilled from a Claisen flask
and then through a 2-foot helices-packed column. There
was obtained 10 g. of VI b.p. 39° (1 mm.) and 41 g. (40%
conversion, 47% vield of the desired aldehyde acetal, b.p.
99° (Imm.), nD, i.4430.
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Anal. Calcd. for CnHjoCh: C, 66.0; H, 10.0; carbonyl
value, 0.50 eq./IOO g. Found: C, 65.7; H, 10.0; carbonyl
value, 0.50 eq./I00 g.

Reaction of VI with Hexachlorocyclopentadiene. A mixture
of 30 g. (0.1 mole) of hexachlorocyclopentadiene (Hooker
Electrochemical Co.) and 16 g. (0.1 mole) of VI was heated
to 180°, whereupon an exothermic reaction set in. Dis-
tillation of the partly charred product gave 12 g. of re-
covered diene, b.p. 57-60° (1 mm.), followed by 29 g.
(60%) of viscous yellow products, b.p. 160-168° (0.5 mm.).
Redistillation gave 21 g. of a product, analyses of which
indicate that it may contain 2,3,4,5,7,7-hexachloro-1,2,5,6-
tetrahydro-2,5-methanobenzaldehyde, 2-methyl-2,4-pen-
tanediol acetal, b.p. 157-160° (0.5 mm.).

Anal. Caled. for CUHECI®,: C, 39.2; H, 3.8; Cl, 49.5.
Found: C, 40.3; H, 3.8; ClI, 49.9.

Reaction of VI with Cyclopentadiene. Twenty-one. grams
(0.32 mole) of freshly distilled cycloper.tadiene and 18 g.
(0.12 mole) of VI were heated for 4 hr. at 180° in a stainless
steel vessel. Distillation and redistillation through a 2-foot
helices-packed column gave 12 g. of recovered VI, b.p.
60-70° (3 mm.), and 19 g. (50% conversion, 70% yield
based on VI of 1,2,5,6-tetrah\'dro-2,5-met.hanobenzaldehyde,
2-methyl-2,4-pentanediol acetal, b.p. 93-4° (3 mm.), n™
1.4747;

Anal. Calcd. for ChH202 C, 75.8; H, 10.0. Found: C,
75.7; H, 10.0.

3,9-Bis(2-chloroethyl)-2,4,8,10-tetroxaspiro[5.5Jundecane.
Dry hydrogen chloride was passed into a stirred solution of
278 g. (1.3 mole) of I in 350 ml. of chloroform at —15° to
—10°. When hydrogen chloride was no longer absorbed the
solution was stirred for 1 hr. with solid sodium carbonate.
After filtration and removal of solvent, the residue was dis-
tilled from a flask («quipped with a Claisen head. The first
cut, b.p. 113-144° (0.6 mm.), 31 g., was redistilled, b.p.
118-122° (1 mm.) and gave analyses in agreement with
3(2-chloroethyl)-9-vinyl-2,4,8,10-tetroxaspiro [5.5] undecane.

Anal. Calcd. for C,,HIC10,: C. 53.2: H, 6.9; Cl, 14.3.
Found:C,53.3;H, 7.2;C114.1.

Analyses indicate that the main cat, b.p. 140-150°
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(0.2 mm.), contains 3,9-bis(2-chloroethyl)-2,4,8,10-tetroxa-
spiro[5.5]undecane, XVlla, apparently contaminated with
the mono-chloro derivative.

Anal. Calcd. for CnHsCUOi: C, 46.5; H, 6.3; Cl, 24.8.
Found: C, 47.3; H, 6.5; Cl, 24.0.

3,9-Bis{2-cyanoethyl)-2,4,8,10-tetroxaspiro[5.5\undecane.
This was prepared from 0.5 mole of crude XVlla in the
manner described above. Simple distillation of the product
gave a large (62 g.) unidentified forecut, b.p. 46-178° (0.14
mm.) and 65 g. (49%) of dinitrile, b.p. 187-199° (0.14 mm.).
Redistillation gave a product, b.p. 180-181° (0.2 mm.), with
analyses in agreement with 3,9-bis(2-cyanoethyl)-2,4,8,10-
tetroxaspiro [5.5 [undecane.

Anal. Calcd. for C.sHnNiO,: C, 58.2; H, 6.8; X, 10.1.
Found: C, 58.5; H, 7.0; N, 10.1.

Epoxidation of (Z).M8A mixture of 53 g. (0.25 mole) of
the bisacetal, 150 ml. of chloroform, and 92 g. (0.56 mole)
of freshly prepared peracetic acid was stirred gently at room
temperature. Titration after 16 hr. showed 57% consump-
tion of active oxygen, ar.d after 40 hr., 90% consumption.
The solution was stirred with sodium bicarbonate solution,
dried over magnesium sulfate, filtered, and relieved of
solvent.

The 55 g. of residue was distilled and redistilled from a
Claisen still, giving 10 g. of recovered acetal, b.p. 102-
110° (2 mm.), and 10 g. of a fraction containing mainly
the mono epoxide, b.p. 133° (1 mm.).

Anal. Calcd. for ChHKOs: C, 57.9; H, 7.1; epoxide value,
0.44 eq./IOO g. Found: C, 58.0; H, 7.1; epoxide value, 0.37
eq./100 g.

A third fraction contained the bisacetal of glycidaldehyde,
b.p. 176° (1 mm.) 11 g.

Anal. Calcd. for CHHi&f,;: C, 54.2; H, 6.6; epoxide value
0.82 eq./lIOO g. Found: C, 55.1; H, 6.7; epoxide value, 0.67
eq./100 g.

Emeryville, Calif.

(14)  Fischer, R. F., U. S. Patent 2,895,962 (1959) to Shell
Development Co.

[Contribution Xo. 1051 from the Department of Chemistry, University of Pittsburgh]

Reaction of Benzyne With An Allylic Olefin
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An attempted Diels-Alder condensation of benzyne with 2,5-dimethyl-2,4-hexadiene produced 2,5-dimethyl-3-phenyl-
1,4-hexadiene (I1). the first example, to our knowledge, of alkylation by an olefin through the benzyne intermediate.
It is suggested that the reaction follows the mechanism that has been well established for the addition of allylic olefins to
other dienophiles at high temperatures. At this point the reaction we have observed appears to offer little promise of having

genera! synthetic value.

In the past several years considerable interest1-4
has developed in the synthesis cf the unknown
hydrocarbon o-di-f-butylbenzenc and varying esti-
mates have been made of its strain energy. An

(1) 1. C. Brown, D. Gintis, and L. Domash, J. Am.
Chem. Soc., 78,5390 (1956).

(2) R. B. Turner, D. E. Xettleton, Jr., and M. Perelman,
J. Am. Chem. Soc.. 80, 1430 (1958).

(3) M. S. Newman and G. R. Kahlc, 3. org. chem., 23,
066 (1958).

(4) W. H. Puterbaugh and M. S. Newman, J. Am. Chem.
Soc., 81,1611 (1959).

attractive path to its synthesis that would avoid
the difficult step of forcing two bulky groups into
ortho- positions through substitution on the ben-
zene nucleus would be through the Diels-Alder
condensation of the benzyne intermediate5 with
2,5-dimethy1-2,4-hexadicne to give the unknown
1,1,4,4-tetramethylnaphthalene (1) which could
then be oxidized tc o-phenylenebis(a-isobutyric
acid)6 and hence by suitable reduction to the de-
sired hydrocarbon.

15) G. Wittig, Angeu\ Chem., 69, 245 (1957).



MARCH 1960

This reaction was attempted using carefully
purified 2,5-dimethyl-2,4-hexadiene and o-fluoro-
bromobenzene with magnesium in tetrahydrofuran
as a source of benzyne, following Wittig’s work.
The only isolable product gave an analysis consist-
ent with the formula for I, decolorized bromine in
carbon tetrachloride, gave a positive test for un-
saturation with tetranitromethane, and showed
an infrared spectrum generally permissive of this
formula except for a strong band at 895 cm.-1

The NMR spectrum? did not show the expected
ratio of 2:4:12 for the ethylenic:aromaticali-
phatic protons but gave instead 3:5:10 with one
aliphatic hydrogen slightly removed from the
others. This suggested that we were dealing with
an isomer of | in which a side chain had become
attached to the benzene ring at only one point
leaving five aromatic hydrogens on the ring. Al-
though some difficulty was encountered in oxidizing
the product cleanly, the use of potassium permanga-
nate in acetone with pyridine at room temperature
gave a high yield of benzoic acid, supporting the
belief that only monosubstitution of the benzene
ring had occurred.

Structure 11 suggested by the NMR study7 ex-
plained all of the facts so far observed including the
infrared band at 895 cm.-1 which is typical of a
terminal methylene group.8 This was confirmed
further by catalytic hydrogenation and ozoniza-
tion. Using palladium on charcoal as catalyst, the
product absorbed two moles of hydrogen; the
first rapidly, presumably saturating the terminal
ethylene group; and the second mole much more
slowly as it added to the more sterically hindered
double bond. Exactly two moles of ozone were ab-
sorbed and formaldehyde and acetone were isolated
from the products. Although it is possible to write
another structure 111 for the product which will
fit most of the evidence, we reject it as being in-

CHACH, ch3ch3

rvH aa

' q;H ch2
CH:, CH2

ch3ch3
1 11

(6) While we were attempting to prepare the diacid by
the unsuccessful method described here, its synthesis by a
different route was described by H. A. Bruson, F. W.
Grant, and E. Bobko, 3. Am. chem. Soc., 80, 3633 (1958).
To our knowledge this is the first o-di-i-butylbenzene de-
rivative to be described in the literature.

(7) This spectrum was determined and interpreted by
Dr. Aksel Bothner-By of Mellon Institute who suggested
the correct structure on the basis of this result. We wish to
express our gratitude to him for this experimental work and
for his many helpful suggestions in the course of this study.

(8) L. J. Bellamy, The Infrared Spectra of Complex Mole-
cules, 2nd ed., John Wiley and Sons, New' York, N. Y.,
1958, p. 51.
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compatible with the NMR results (it would show
a 2:5:11 ratio), because no conjugation is apparent
from the infrared or ultraviolet spectra and be-
cause we can see no convenient mechanistic path
for the formation of 111 whereas an easily avail-
able one with good precedent can be proposed for
the formation of 11.

We are somewhat puzzled as to why Il is not
isomerized to 2,5-dimethyl-3-phenyl-2,4-hexadiene
during the reaction. It may be that the magnesium
fluorobromide which could catalyze isomerization
also catalyzes polymerization of the 2,4-diene much
more easily than the 1,4-diene isolated. If this were
so, any isomerization would result in products that
we would not isolate by distillation.

DISCUSSION

We have observed the reaction of an allylic
olefin with a dienophile to give a product in which
the multiplicity of the reactive bond in the dieno-
phile is reduced by one and in which the double
bond in the olefin has migrated to a new position
allylic to the point of attack by the dienophile.
Ample precedent for this type of reaction may be
found in the work of Alder,9-11 Arnold,®213 Ronde-
stvedt,4%6 and others16 on the high temperature
reaction of strong dienophiles with allylic olefins.
Several elegant experiments by Arnold’s group1213
give clear evidence that the reaction proceeds
through a concerted ionic mechanism involving
a six-membered ring transition state and this sug-
gestion is supported by Rondestvedt’s4 5 results.
It is proposed that the reaction described above
follows the same course.

AH-CIR CH3
3 "ft
CllH
CH
I
CH3 CH,

Although abundant examples of the high temper-
ature reaction are to be found in the references
above, to our knowledge none of them presents
a case where the high temperature addition takes

(9) K. Alder, F. Pascher, and A. Schmitz, tier., 76, 27
(1943).

(10) K. Alder and T. Noble, Ber., 76, 54 (1943).

(11) K. Alder and C. Schmidt, Ber., 76, 183 (1943).

(12) R. T. Arnold and J. F. Dowdall, 3. Am. Chem. Soc.,
70,2590(1948).

(13) R. T. Arnold and J. S. Showed, 3. Am. Chem. Soc.,
79,419(1957).

(14) C. Rondestvedt and B. Wark, J. ouj. Chem., 20,
368 (1955).

(15) C. Rondestvedt and A. Filbev, 3. org. chem., 19,
548(1954).

(16) For further references to the work of these and other
authors in this field, see a recent review by R. D. Gilliom
in M.1.T. Seminar Reports, 1956-57, 456.



326

place with a diene in preference to a Diels-Alder
condensation as we have observed. The reason
for this unusual behavior of 2.5-dimethyl-2,4-
hexadiene is apparent from a model of the molecule
which shows that it cannot be forced into the con-
formation required for ring closure but that the two
isobutylene groups assume a position trans to
each other and one of them is in the proper posi-
tion for the addition to the dipolar bond in benzyne.
The fact that the reaction occurs at room tempera-
ture attests to the reactivity of benzyne.

The discovery of this reaction for 2,5-dimethyl-
2.4- hexadiene at once suggested that a general
synthetic alkylation procedure using other allylic
olefins might be developed. We are currently in-
vestigating this possibility but must report that at
present the results are not at all promising; so
far we have not found another case. (Using iso-
butylene as olefin we have obtained a 2% vyield of
an oil with the correct boiling point, infrared and
NMR for 2-methyl-3-phenyl-propene-1 but with
very poor analysis and refractive index.) Although
allylbenzene gives particularly high yields in the
thermal reaction with maleic anhydride, we have
been unable to isolate 1,3-diphenylpropene from its
reaction with benzyne under our conditions. Also
reaction of cyclohexene with benzyne formed either
from o-fluorobromobenzene and magnesium or
from the reaction of bromobenzene and sodium
amide in liquid ammonia failed to produce 3-
phenylcyclohexene. Perhaps the reason that we
cannot isolate simple adducts in these cases involv-
ing relatively favorable olefins but can find a simple
product in the apparently less favorable case of
2.5- dimethyl-2,4-hexadiene is that the product of
such a reaction is always another allylic olefin
which if sufficiently reactive can continue to add
to more benzyne molecules. If these following
reactions are rapid enough in the cases of allyl-
benzene and cyclohexene, the main products will
remain in the pot with the polymer that is always
formed in the reaction and may not be separated
by distillation.

EXPERIMENTAL

o-Fluorobromobenzene was prepared through pyrolysis of
o-bromobenzenediazonium fluoroborate following directions
of Bartlett and GiddingsZ based on a method of Schieman
and Winkelmuller.18 2,5-Dimethyl-2,4-hexadiene was pur-
chased from Matheson, Coleman, and Bell. Since distillation
failed to give adequate purification, the material was re-
peatedly frozen and the liquid phase decanted. This gave a
product melting at 14.5° in agreement with the highest
literature melting point® but with n® = 14769 instead
of 1.4796. Further purification failed to improve this value.

(17) P. D. Bartlett and W. Giddings, private communica-
tion.

(18) G. Schiemann and W. Winkelmiiller, Org. Syntheses,
Coll. Vol. 11, John Wiley and Sons, New York, N. Y.,
1943, p. 299.

(19) Heilbron, Dictionary of Organic Compounds, Vol. II,
Oxford University Press, New York, N. Y., 1953, p. 311.
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The well known proclivity of this diene to polymerize ex-
plains the difficulty in purifying it.

Other reagents and solvents were commercially available
and were purified until physical constants agreed with liter-
ature values.

Preparation of 2,5-dimethyl-3-phenyl-l,4-hexadiene (I1).
In a flame dried 100-ml. three necked flask with stirrer, con-
denser and addition funnel were placed 5.0 g. (0.207 mol.)
of Grignard-grade magnesium turnings covered with 12 ml.
of-dry tetrahydrofuran. In the addition funnel was placed a
solution of 20 ml. (0.200 mol.) of o fluorobromobenzene and
28.3 ml. (0.200 mol.) of 2,5-dimethyl-2,4-hexadiene in 93
ml. of dry tetrahydrofuran. In cases where the reaction
did not begin spontaneously within 5 min. after the addition
of 5-10 ml. of solution from the funnel, it could be initiated
easily by scratching the magnesium, addition of a crystal of
iodine or local heating with a match. The reaction was
maintained at reflux by the addition of reactants, which
required about an hour. Further refluxing with stirring on
the steam bath consumed most of the remaining magnesium
and produced a clear brown, viscous solution. After stripping
off the solvent with water pump and steam hath, the residue
was hydrolyzed with saturated ammonium chloride and
5% hydrochloric acid was added until two clear layers
formed. The system was extracted with three successive
portions of ether. After treatment with 5% sodium car-
bonate solution until no more carbon dioxide was evolved,
the ether layer was washed with three portions of distilled
water and the ether stripped off.

Distillation at 0.2 mm 1egan at 45° and between 65-67° a
clear main fraction was o btained. Raising the temperature
did not remove any other well defined fractions, the major
portion of the product remaining in the pot as an intractible
polymer. The 65-67° cut was not homogeneous but con-
tained crystals that had apparently sublimed with the
liquid phase. These were precipitated by adding ligroin
and after recrystallization from carbon tetrachloride melted
at 198°. This material was identified as triphenvlene, a
common by-product when benzyne is generated from o-fluo-
robromobenzene6; the melting point wss undepressed by
mixture with authentic triphenvlene purchased from K and
K Laboratories.

Anal. Calcd. for CisH,;” C, 94.69; H, 5.31. Found: C,
94.06; H, 5.51 (Schwarzkopf).

After removal of the ligroin, 4.29 g. (11.9% vyield) of
clear oil remained. This distilled completely at 83-86°,
0.45 mm., but very serious foaming, which could not be
suppressed, interfered with all attempts to purify the product
by distillation. The product decolorized bromine in carbon
tetrachloride instantly, and showed unsaturation with tetra-
nitromethane and potassium permanganate. The ultraviolet
curve (using Beckman DU and 95% ethanol) showed gradual
loss of optical density from 220-300 mu and no aromatic
fine structure. This may be attributed to masking by end
absorption from the double bonds. The infrared spectrum
was obtained with a Perkin-Elmer Model 21 Spectropho-
tometer (purchased on a grant from the National Science
Foundation) with carbon tetrachloride as solvent.

Anal. Calcd. for Culla: C, 90.26; H, 9.73. Found: C,
89.83; H, 9.96 (Microanalytical Laboratory of Mellon Insti-
tute).

Oxidation of the product. The product (0.637 g.) was dis-
solved in 100 ml. of acetone containing 5 ml. of pyridine and
4.0 g. of potassium permanganate. It was stirred rapidly at
room temperature for 72 hr., rendered slightly acid with
dilute sulfuric acid, and then treated with sodium bisulfite
until the manganese dioxide disappeared. The solution was
extracted with three 100-ml. portions of chloroform and the
combined chloroform solutions dried over sodium sulfate
and then Drierite. Evaporation of the chloroform left light
green crystals correspond.ng in weight to a quantitative
yield (0.424 g.) of benzoic acid. Recrystallization from water

(20) M. C. Kloetzel, On. Reactions, 4, 13 (1948).
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gave white crystals melting at 121° (undepressed upon
admixture with authentic benzoic acid).

Hydrogenation. Hydrogenation of 0.195 g. (1.05 mmol.)
of product was performed in ethyl alcohol using palladium
on charcoal in the usual way2l at room temperature. The
first molar equivalent of hydrogen was absorbed within 15
min. while 24 hr. was required for the second mole.

Ozonization. To a 0.8409-g. sample dissolved in 100 ml. of
anhydrous methanol as participating solvent was added
ozone at —40° from a Welsbach T 23 ozonizer at a flow
rate of 17 1 per hr. and an ozone concentration of 66.5 mg.
per 1; oxygen pressure was eight p.s.i. and potential was
90.2 It was estimated that at this rate 23.2 min. would be
required for complete ozonization of two double bonds.
After 20 min. the first traces of ozone broke through to the
ozone meter and the reaction was stopped at 23 min. Now 2
g. of zinc dust was added and after warming to room temper-
ature, 10 ml. of 5% sulfuric acid was added to destroy re-
maining peroxides. The solution was steam distilled until
the distillate tested negative with 2,4-dinitrophenylhy-
drazine, the volume at this point being nearly 3 1 The first
1500-ml. portion of distillate was made just acid and 3 g. of
dimedone in 50 ml. of 50% aqueous ethanol added.3 A
fluffy precipitate formed slowly which when dried gave the
proper melting point for the formaldehyde-dimedone
adduct, 196° (hot stage), and was not lowered by mixing
with authentic adduct.

The filtrate from the dimedone reaction was steam dis-
tilled and 2,4-dinitrophenylhydrazine added. The mixed

(21) Iv. G. Stone, Determination of Organic Compounds,
McGraw-Hill, New York, N. Y., 1956, p. 21.

(22) These conditions were chosen by Dr. R. H. Callighan
of Mellon Institute who performed the ozonization for us.
\Ye are grateful for this help from him.

(23) R. P. Linstead, J. A Elvidge, and M. Whalley, .4
Course in Modern Techniques of Organic Chemistry, Butter-
worths, London, 1955, Chapter 20.
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derivatives were collected by filtration, dried, dissolved in
chloroform and chromatographed first on Fisher alumina
and then on Woelm alumina using chloroform as eluent in
both cases. The wide range of melting points for acetone-
2,4-dinitrophenylhydrazone that may be found in the liter-
ature attests to the difficulty in its purification. Several
recrystallizations of the twice chromatographed product
failed to raise the melting point from 123° to the desired
126°.24 However, chromatography on Florosil with benzene
eluent raised the melting point to the desired temperature
and the identification was completed by mixed melting
point and comparison of the infrared spectrum (Nujol mull)5
with an authentic sample.

NMR spectrum? This was obtained using a Varian Dual-
Purpose 60-mc. NMR Spectrometer coupled to a Varian
60-mc. magnet with flux stabilizer. In addition to the gross
features of the spectrum described above it was noticed
that the hydrogens in the olefinic region consisted of a non-
equivalence quartet and one sharp peak of intensity two.
The quartet implies the presence of two lone hydrogens on
adjacent carbons and the single spike the presence of two
equivalent hydrogens on a carbon adjacent to another car-
bon bearing no hydrogens (i.e., the methylene hydrogen
on carbon-1). The lower of the nonequivalent lone hydrogens
is that on carbon-4 of the 1,4-hexadiene chain and the higher
one is presumably on carbon-3 and is shifted to its low posi-
tion by its proximity to two trigonal carbons.

Acknowledgment. The writer is glad to express
his appreciation to Professor Robert Levine of this
Department ar.d Dr. Bothner-By of Mellon Insti-
tute for critical readings of this manuscript.

Pittsburgh 13. Pa.

(24) Shriner, Fuson, and Curtin, The Systematic Identi-
fication of Organic Compounds, 4th ed., John Wiley and Sons,
New York, N. Y., 1956, p. 316.

(25) J. H. Ross, Anal. Chem., 25, 1288(1953).

iContribution from the Agricultural Research Division, Shell Development Company and the Department of
Chemistry, University of Colorado]
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Epoxidation of Norbornene and of exo-Dihydrodicyclopentadienel

S. B. SOLOWAY AND STANLEY J. CRI3TOL
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Epoxidation of norbornene has been shown to give 2,3-epoxynorbornane and epoxidation of ca;o-dihydrodicyclopentadiene
(exo0-5,6-cyclopentano-2-norbornene) has been shown to give eio-2,3-epoxy-e”™o-5,6-cyclopentanonorbornane. Thus both epoxi-
dations occur without rearrangement and by exo addition to the bicycloheptene ring.

The epoxidations of norbornene (bicyclo(2,2,1)-
heptene-2) with monoperoxyacetic acid2and mono-
peroxyphthalic acid3 have been reported. The
structure of the oxide was formulated as exo-2,3-
epoxynorbomane (I) in view of its reduction by
lithium aluminum hydride to c.ro-2-norbomeol2
and its ring opening to a 2,7-dihydroxynorbom-

(1) Previous paper in series: S. J. Cristol, W. K. Seifert,
and S. B. Soloway, J. Am. Chem. Soc., in press (1960).

(2) H. M. Walborsky and D. F. Loncrini, J. Am. Chem.
Soc., 76, 5396 (1954).

(3) H. Kwart and W. B. Vosburgh, J. Am. Chem. Soc.,
76,5400(1954).

ane.23This formulation of the epoxide as the 2,3-
isomer suggests that Wagner-Meerwein rearrange-
ment has occurred in the ring-opening step, but
the facts available in the literature are also con-
sistent with the formulation of the epoxide as the
2,7- isomer, if the assumption is made that re-
duction by lithium aluminum hydride involves
attack at the bridge carbon atom. We had pro-
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pared this epoxide from norbomene and peroxy-
benzoic acid, and had found properties and re-
actions similar to those reported in the other prep-
arations.

Barrow and Searles4have shown that, while 1,2-
epoxides have strong infrared absorption bands at
about 1195 trimethylene oxides have bands
at about 10.3 p and tetrahydrofurans at about
9.2/r. Accordingly, structure I should have a strong
band at about 119/, and structure Il, which may
be classified as having both four- and five-membered
oxide rings, should have a strong absorption peak
or peaks in the range 9.1 to 10.3/u.

An infrared spectral analysis showed the position
of a strong band at 11.85/u for the epoxide of nor-
bomene and this result, coupled with the lithium
aluminum hydride reduction to e.ro-2-norborneol
confirms the structure exo-2,3-epoxynorbornane

1).23

( )\Ne felt it worthwhile to study a system in which
a chemical proof could be added to the infrared
analysis result. Accordingly, epoxidation of exo-
5,6-cyclopentano-2-norbomene (I1l1) was carried
out, using peroxybenzoic acid in chloroform.

If the epoxidation occurred without rearrange-
ment, product 1V would result, and lithium alumi-
num hydride reduction would give c.i:0-5,6-cyclo-
pentano-c.ro-2-norbomeol (VI1). On the other hand,
addition with rearrangement would give V, which
on reduction would give an alcohol related to
endo-5,6-cyclopentanonorbomane.

The epoxide product was an oil, which had a
strong absorption band at 11.84y; it was reduced
by lithium aluminum hydride in refluxing tetra-
hydrofuran very slowly to give slightly impure
e.ro-5,6-cyclopentano-exo-2-norbomeol6 m.p. 37-
46° (lit.27m.p. 53-54°). The alcohol was converted
to the p-nitrobenzoate and acid phthalate esters,
and melting point and mixed melting-point de-
terminations with esters prepared from authentic
alcohol confirmed the identity of the alcohol as V1.

Thus, addition of an oxygen atom to the olefinic
bond in norbomene and one of its derivatives in-
volves exo addition without rearrangement.

(4) G. M. Barrow and S. Searles, J. Am. Chem. Soc., 75,
1175(1953).

(5) O. D. Shreve, M. R. Heether, H. B. Knight, and
D. Sivern, Anal. Chem., 23, 277 (1951).

(6) P. D. Bartlett, Abstracts of Papers, Twelfth National
Organic Chemistry Symposium, June 1951, p. 1

(7) H. A Bruson and T. W. Riener, J. Am. Chem. Soc.,
67,723(1945).
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EXPERIMENTAL

exo-2,3-Epoxynorbornane, 1. A chloroform solution, 1340
ml., containing 104 g. (0.75 mole) of peroxybenzoic acid8
was added slowly to 65.8 g. (0.7 mole) of solid norbomene,9
producing a strongly exothermic reaction. The addition was
completed with cooling, and the resulting solution was kept
in a refrigerator for 4 days; at this time, titration with sodium
thiosulfate showed the consumption of 96.2 g. of peroxy-
benzoic acid (theory 96.6 g.). The chloroform solution was
washed with alkali and water, dried over anhydrous sodium
sulfate, and distilled through a modified Claisen flask at
atmospheric pressure (630 mm.). After the chloroform was
removed there was obtained a forerun of 3 g., b.p. 142-146°
(m.p. 121-122°) and 59 g. of product, b.p. 146-148°, which
solidified in the receiver as fern-like crystals, m.p. 121-125°
(total yield 80%). Recrystallization of a specimen from cold
hexane gave | as needle-like crystals, m.p. 125.5-126.5°
(lit. m.p. 125-427°;2118-119°3).

Anal. Calcd. for CilfioO: C, 76.3; H, 9.15. Found: C, 76.7;
H, 9.24.

The compound smelled like camphor and sublimed readily
at room temperature. It did not react with potassium per-
manganate in acetone, ncr with bromine in carbon tetra-
chloride. Its infrared spectrum had a strong peak at 11.85y
characteristic of 1,2-epoxides.D

This epoxide could be reduced to ero-2-norborneol by
heating at reflux with a solution of lithium aluminum hydride
in tetrohydrofuran for seven days. A similar reduction, using
A-ethylmorpholine as solvent, has already been reported.2

exo-2-syn-7-Norbornanediol diacetate. A solution of 5.5 g.
(0.05 mole) of I, and 4.9 g. (0.05 mole) of potassium acetate
in 100 ml. of acetic acid was heated at reflux for 48 hr. The
product was isolated by diluting with water and extracting
with pentane. The oil remaining after evaporation of the
pentane was distilled; 5.2 g. (49%), b.p. 134-135° (15 mm.),
n™ 1.4657, was obtained.

Anal. Calcd. for ChHjG,: C, 62.2; H, 7.60; sapon. equiv.,
106. Found: C, 62.0; H, 7.60; sapon. equiv., 109.

exo-2-syn-7-Norbornanediol. A solution of 24.5 g. (0.115
mole) of the diacetate in 75 ml. of dry ether was added
slowly with stirring to 11.9 g. (0.345 mole) of lithium alumi-
num hydride in 600 ml. of ether, and the mixture was stirred
for 24 hr. The excess lithium aluminum hydride was de-
stroyed with 35 ml. of ethyl acetate, the complex was de-
composed, and the inorganic hydroxides were coagulated
by the addition of 125 ml. of water. The ether solution was
then filtered through a plug of dry cotton. Evaporation of
the solvents at reduced pressure gave 13.8 g. (93% yield)
of a crj'stalline residue, m.p. 177-181°. Recrystallization
from nitromethane gave 55 g. (37%) of pure exo-2-syn-
7-norbornanediol as fern-like crystals, m.p. 191-192° (lit.
m.p. 179-481°;2174-176°3).

Anal. Calcd. for 0,11,4)>: C, 65.6; H, 9.44. Found: C,
65.6; H, 9.56.

The water-soluble diol gave a negative test for a vicinal
diol with periodic acid.

exo-2,3-Epoxy-exo-5,6-cydopentanonorbornane (exo-5,6-
epoxyoctahydro-exo-4,7-methanoindcne, 1V). A chloroform
solution, 250 ml., containing 15.2 g. (0.11 mole) of peroxy-
benzoic acid was added slowly to 13.4 g. (0.10 mole) of
ezo-dihydrodicyclopentadiene (111),1with cooling to moder-
ate the exothermic reaction. After the reaction solution was
kept in a refrigerator overnight, titration with sodium thio-
sulfate showed that all of the peracid had been consumed.

(8) G.BrauninH. Gilmanand A. H. Blatt, Org. Syntheses,
Coll. Vol. I, 2nd ed., John Wiley and Sons, New York,
N. Y., 1941, p. 431.

(9) L. M. Joshel and L. W. Butz, ,/. Am. Chem. Soc.,
63,3350(1941).

(10) The infrared spectrum is given in the Ph.D. thesis of
S. B. Soloway, University of Colorado, January 1955.
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Additional chloroform solution, 110 ml., containing 6.6 g.
(0.048 mole) of peroxybenzoic acid was added. After 4 hr.
at room temperature, 0.044 mole of peracid was still present.
The chloroform solution was then washed repeatedly with
sodium carbonate solution and dried over anhydrous sodium
sulfate. The chloroform was removed at atmospheric pres-
sure and the residual oil was distilled to yield 12.0 g. (80%)
of 1V as a colorless oil, b.p. 50-51.5° (0.7 mm.), n2 1.5031.

Anal. Calcd. for CkHi®D: C, 80.0; H, 9.39. Found: C,
80.0; H, 9.50.

The infrared spectrum of IV showed a characteristic 1,2-
epoxide peak at 11.84 ft.w

ex0-0,6-Cyclopentano-exo-2-norborneol  (octahydro-exo-4,7-

methanoinden-exo-5-ol, VI). Lithium aluminum hydride,
3.8 0. (0.1 mole) was dispersed in 50 ml. of tetrahydrofuran
by refluxing with stirring, 5.0 g. (0.033 mole) of epoxide 1V
was added, and the reaction mixture was heated at reflux
for 5 days. The excess lithium aluminum hydride was
destroyed with 10 ml. of ethyl acetate and the complex was
decomposed with 100 ml. of water. Extraction of both the
solid and liquid phases with pentane, drying and evaporation
of the solvents, and, finally, distillation yielded 1.15 g. of a
forerun, b.p. 50-73° (0.5 mm.), which was about 65%
epoxide by infrared analysis, and 3.14 g. (62%) of impure
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alcohol VI, b.p. 75-79° (0.7 mm.), which solidified, m.p.
37-46°.

The acid, phihalale derivative was prepared by heating
I. 0 g (6.6 mmoles) of the reduction product with 1.27 g.
(8.6 mmoles) of phthalic anhydride in 15 ml. of pyridine on
the steam bath. Water and 6Ar hydrochloric acid were
added and the precipitated oil was taken up in ether. The
ethereal solution was dried over anhydrous sodium sulfate
and the solvent was evaporated to yield 1.9 g. (96%) of
product, m.p. 151-153.5°. Crystallization from acetone
gave 0.81 g. of pure acid phthalate, m.p. 157.5-158°; mixed
Wi 1%.7 157.5-158°, with the acid phthalate of authentic

Treatment of 0.5 g. (3.3 mmoles) of the alcohol with 0.73
g. (3.9 mmoles) of p-nitrobenzoyl chloride in 5 ml. of pyridine
yielded 0.6 g. (60%) of crude product, m.p. 86-90°. Two
crystallizations from hexane gave 0.25 g. of p-nitrobenzoate,
m.p. 91.5-93°; mixed m.p. 93.5-94° with the p-nitrobenzoate
of authentic VII&(m.p. 94-94.5°).

Acknowledgments. The authors are indebted
to Paul Saliman for elemental analyses and to
Glen Pollard for infrared spectra.

Boulder, Colo.
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Condensation Reactions of Carbon
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Arom atic Systems
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Carbon monoxide reacts with aromatic hydrocarbons in the presence of molar quantities of aluminum chloride at 60° and
a pressure of 50 p.s.i. to give substituted anthracenes. Toluene gives a dimethvlanthracene, diphenylmethane gives a di-
benzylanthracene, and p-xylene yields 1,4,5,8-tetramethvlanthracene. Diphenyl ether forms xanthydrol at 80°.

Aromatic aldehydes, benzyl alcohol, and benz-
hydrol are cleaved in the presence of excess alumi-
num chloride to give carbon monoxide. If an aryl
hydrocarbon is present, polynuclear systems are
formed.3-7 Carbon monoxide should then react
with aromatic hydrocarbons to form derivatives of
anthracene.

In the present investigation, carbon monoxide
under 50 p.s.i. pressure was shaken with various
aromatic hydrocarbons and diphenyl ether in the
presence of aluminum chloride over a period of
12-18 hours. Pressure drops of 5-15 pounds were
noted in most cases.

At 60°, toluene reacts with carbon monoxide to
form a mixture of dimethylanthracenes which is

(1) In part from the master's thesis of C. H. Smith,
Kansas State College, Pittsburg, Kan.

(2) From the master’s thesis of R. C. Horn, Kansas State
College, Pittsburg, Kan.

(3) D. H. Hev, J. Chem. Soc., 72 (1935).

(4) H. Ellison and D. H. Hey, J. Chem. Soc., 1847 (1938).

(5) H. E. Ungnade and E. W. Crandall, J. Am. Chem.
Soc., 71, 2209 (1949).

(6) H. E. Ungnade and E. W. Crandall, J. Am. Chem.
Soc., 71, 3009 (1949).

(7) H. E. Ungnade, E. F. Cline, and E. W. Crandall,
J . Am. Chem. Soc., 75, 3333 (1953).

regarded as a eutectic mixture of the 2,6- and 2,7-
isomers.8 Diphenylmethane gives a dibenzylan-
thracene, while p-xylene gives a tetramethylanthra-
cene, probably the 1,4,5,8 isomer.5

The dimethyl and dibenzylanthracenes were
analytically and spectroscopically identical with
the products obtained from the reactions of benz-
aldehyde with toluene and diphenylmethane.346
Each is regarced as a mixture of the 2,6- and 2,7-
isomers8

The reaction is temperature dependent. At
30°, toluene reacts to give some p-tolualdehyde
along with dimethylanthracene. At 40°, only a
trace of aldehyde is observed. The yield of dimethyl-
anthracene increases to a maximum at 60° (Table
1). A comparison of this reaction with the Gatter-
mann-Koch reaction was carried out.9 Toluene,
saturated with dry hydrogen chloride, failed to
give increased yields of dimethylanthracene at
60°.

Diphenyl ether is unique in that the carbon mon-
oxide bridges the ortho- positions to give xanthydrol.

(8) C. T. Morgan and E. A. Coulson, J. Chem. Soc., 255
(1929).
(9) N. N. Crounse, Org. Reactions, V, 290 (1949).
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TABLE |
Effect of Temperature on Yield of Dimethylanthra-
cene"
Temperature.  p-Tolualdehyde, = Dimethylanthracene,
C. b o
30 3.86 0.7
40 0.10 2.1
50 0.10 2.7
60 0.10 3.0

060 ml. toluene; 12 hours.
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Anal. Calcd. for CisHb: C, 93.85; H, 6.15. Found: C,
93.61; H, 6.00.

Dibenzoylanthraquinone. Oxidation of 1 g. of the dibenzyl-
anthracene with 4 g. of chromic anhydride, 28 ml. of glacial
acetic acid, and 4 ml. of water gave 1.09 g. (98.1%) of di-
benzoylanthraquinone which melted at 241-242° (from
95% ethanol).

Anal. Calcd. for C2H.qV. C, 80.70; H, 3.85. Found:
C, 80.47; H, 3.61.

The reaction of toluene with carbon monoxide and hydrogen
chloride in the presence of aluminum chloride at 60°. Toluene
(60 ml.) was saturated for 1 hr. with dry hydrogen chloride

TABLE I
Ultraviolet Data

rex log i rex log i Yrex log 6 Tex log e Xrex log f
Anthracene 252 5.30 322 3.50 338 3.80 355 4.00 375 3.90
Dimethylanthracene 257 5.10 340 3.60 359 3.71 378 3.60
Tetramethylanthracene 259 5.38 343 3.69 359 3.79 380 3.69
Dibenzylanthracene 253 5.46 324 3.75 339 4.06 356 4.24 375 4.20
Xanthydrol 249 3.75 284 3.33

Diphenyl ether has been reported7 previously to
react with benzaldehyde and aluminum chloride
to give 9-phenylxanthydrol.

As evidence that the anthracenes are substituted
on the benzenoid positions, the dimethyl- and di-
benzylanthracenes were oxidized to the correspond-
ing anthraquinones. In each case the disubsti-
tuted anthraquinone was obtained, indicating that
the groups could not be on the 9 or 10 position.

EXPERIMENTAL

The reaction of toluene and carbon monoxide in the presence
of aluminum chloride. Toluene (60 ml., 0.65 mol.) and 25 g.
(0.2 mol.) of aluminum chloride were placed in the reaction
flask of a Parr hydrogenation apparatus. The system was
filled with carbon monoxide to 50 p.s.i. The reaction mix-
ture was agitated and allowed to react for 12 hr. at 60°.
The reaction mixture was then decomposed with ice and
hydrochloric acid and steam distilled.

The solid residue from the steam distillation was removed
by filtration and dried by azeotroping with benzene and
sublimed under vacuum (1 mm.). Crystallization of this
product from ligroin (b.p. 60-90°) gave 2.1 g. of a dimethyl-
anthracene which melted at 223-225°.

Anal. Calcd. for CidH14 C, 93.10; H, 6.80. Found: C,
92.87; 11,6.69.

Dimethylanthraguinone. Dimethylanthracene (0.45 g.),
dissolved in 7 ml. of glacial acetic acid, was refluxed gently
over a low flame. A solution of 2.0 g. of chromic anhydride
in 2.0 ml. of water and 8 ml. of acetic acid was added during
1 hr. The solution was cooled, diluted with 200 ml. of water,
and filtered. The crude green solid was washed with water,
dilute aqueous sodium hydroxide, and again with water.
Crystallization from 95% ethanol gave yellow needles of
dimethylanthraquinone (0.41 g., 79%) which melted at
154-155°.

Anal. Calcd. for CiH1202: C, 81.30; H, 5.08. Found:
C, 81.04; H, 4.89.

The reaction of diphenylmethane and carbon monoxide with
aluminum chloride. Diphenylmethane (60 ml.) and aluminum
chloride (25 g.) when shaken with carbon monoxide at 50
p.s.i. for a period of 12 hr. at 60° gave, after decomposition,
10 g. of solid which was vacuum sublimed (1 mm.). Crys-
tallization from ligroin (b.p. 60-90°) gave 3 g. of a dibenzyl-
anthracene which melted at 191-192°.

gas. This toluene and 25 g. of aluminum chloride were
treated with carbon monoxide at 50 p.s.i. and 60°. The mix-
ture was agitated for 12 hr. The reaction mixture was
worked up in the usual way and gave no aldehyde. The solid
material weighed 4.7 g. from which 1.10 g. of dimethylan-
thracene were obtained.

The reaction of toluene with carbon monoxide in the presence
of aluminum chloride at 30°. Toluene (60 ml.) and 25 g. of
aluminum chloride were treated with carbon monoxide as
previously described. The reaction mixture was agitated for
12 hr. at 30°. The distillate from the steam distillation was
positive to the Schiff reagent. The organic layer was separ-
ated and treated with saturated aqueous sodium bisulfite.
The solid formed was removed by filtration, dried, and de-
composed with concentrated hydrochloric acid. p-Tolualde-
hyde (3.86 g., 0.032 mol.) was recovered. The 2,4-dinitro-
phenylhydrazone melted at 233-235°, lit. D m.p. 232-234°.

The solid from the steam distillation was removed by
filtration, dried, and sublimed under vacuum (1 mm.).
Crystallization from ligroin gave 0.7 g. of dimethylanthra-
cene, m.p. 223-225°.

The same reaction carried out at 40° gave 0.1 g. of p-
tolualdehyde and 2.1 g. of dimethylanthracene. At 50°,
0.1 g. of aldehyde and 2.7 g. of dimethylanthracene were
obtained.

The reaction of diphenyl ether and carbon monoxide with
aluminum chloride. Diphenyl ether (60 ml.) and aluminum
chloride (25 g.) were shaken at 80° for 16 hr. with carbon
monoxide at 50 p.s.i. Steam distillation gave first unchanged
diphenyl ether and later white crystals of xanthydrol. The
xanthydrol was removed by filtration and weighed 2.1 g.
It melted at 120-122°, lit. Dm.p. 121°. The dixanthyl urea
derivative melted at 260-261°, lit.Dm.p. 260°.

The reaction of p-xylene and carbon monoxide with aluminum
chloride. p-Xylene (60 ml.) and aluminum chloride (25 g.)
were shaken at 60° for 16 hr. with carbon monoxide at 50
p.s.i. The solid remaining after steam distillation weighed
16.00 g. Vacuum sublimation gave 8.5 g. of a tetramethyl-
anthracene which melted at 268-269° (from ligroin b.p.
60-90°). Ellison and Hey4have prepared 1,4,5,8-tetramethyl-
anthracene, m.p. 270°.

Anal. Calcd. for Ci®Hi8: C, 92.37; H, 7.63. Found C,
92.16; H, 7.45.

Absorption spectra. The ultraviolet absorption spectra

(10)
Pure Organic Compounds, John Wiley & Sons, New York
(1946), p. 65.

E. H Huntress and S. P. Mulliken, Identification of
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were carried out in spectra grade cyclohexane with a Beck-
mann Model DU spectrophotometer.

The values for maxima and minima of the anthracenes are
in good agreement with the proposed effects of groups.il
The dimethyl and tetramethylanthracenes show a batho-
chromic effect with some loss of fine structure, wdth respect

(11) R. N. Jones, Chemical Revs., 41, 353 (1947).
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to anthracene. Dibenzylanthracene shows a fine structure
effect, with a hyperchromie shift, no loss in fine structure
and no bathochromic shift.
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iV-Alkylation of Nitriles with Benzyl Alcohol,

Related Alcohols, and Glycolsl
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Nitriles are readily A'-alkylated under mild conditions with primary alcohols related to benzyl alcohol and with glycols of
the di(hydroxymethyl)benzene type to give good yields of VV-aralkylamides and A"V'-bisaralkylamides, respectively.

In the reaction of nitriles with olefins and alco-
hols,23ethers,&esters,6and halides,6 the alkylating
compound is ordinarily restricted to those which
can form a secondary or tertiary carbonium ion in
an acidic medium.7 An exception may be noted in
the case of the primary halides which are known to
form jV-substituted nitrilium complexes with ni-
triles in the presence of Lewis acids.8 Recently,
Lora-Tamayo, Madronero, and Munoz reported
that nitriles may be alkylated with 0-phenylethyl
chloride in the presence of stannic chloride to give
derivatives of dihydroisoquinoline.9 However, it
has been asserted that primary alcohols are unreac-
tive toward nitriles notwithstanding recourse to
prolonged reaction times, elevated temperatures,
and the use of fuming sulfuric acid as catalyst.X

It was therefore noteworthy to observe in this
laboratory that primary alcohols and glycols of
the aralkyl type were condensed smoothly with

(1) Portion of a paper presented at the Meeting-in-
Miniature of the Central Pennsylvania Section, American
Chemical Society, Pennsylvania State University, State
College, Pa., March 15, 1958.

(2) H. Wieland and E. Dorrer, Ber., 63, 404 (1930).

(3) (a) J. J. Ritter and P. P. Minieri, J. Am. Chem. Soc.,
70, 4045 (1948). (b) J. J. Ritter and J. Kalish, J. Am.
Chem. Soc., 70, 4048 (1948). (c) F. R. Benson and J. L.
Ritter, J. Am. Chem. Soc., 71, 4128 (1949). (d) L. W.
Hartzell and J. J. Ritter, J. Am. Chem. Soc., 71, 4130
(1949). (e) R. M. Lusskin and J. J. Ritter, J. Am. Chem.
Soc., 72, 5577 (1950). (f) H. Plaut and J. J. Ritter, J. Am.
Chem. Soc., 73,4076 (1951).

(4) E. E. Magat, U. S. Patent 2,518,156.

(5) E. E. Magat, U. S. Patent 2,628,216.

(6) G. W. Cannon, K. K. Grebber, and Y. K. Hsu, J.
Org. Chem., 18, 516 (1953).

(7) For a comprehensive review on the Aralkylation of
hydrogen cyanide and nitriles, cf. F. Muller in Houben-
Weyl, Methoden der Organischen Chemie, 4th Edition, Vol.
11, Georg Thieme Verlag, Stuttgart, 1957, pp. 994-9.

(8) J. E. Gordon and G. C. Turrell, J. Org. Chem., 24,
269(1959).

(9) M. Lora-Tamayo, R. Madronero, and G. Garcia
Munoz, Chem. & Ind. (London), 657 (1959).

nitriles under mild conditions to give V-aralkly-
amides and AMW'-bisaralkylamides in good yields.
Thus, careful addition of benzyl alcohol to a large
excess of acetonitrile containing substantial pro-
portions of sulfuric acid resulted in a spontaneous
reaction at 5-30° which afforded TV-benzylacet-
amidel®(la) in good vyield. iV-Benzylacrylamidell
(Ib) was prepared from acrylonitrile, and, in similar
manner, V-(4-methylbenzyl)acetamide (Il), N-
(2,4-dimethylbenzyl)acetamideB (I11), and N-{4-
(methoxybenzyl)acetamideXd (IV) were prepared

<7)-CH DH + RCN J CILNHCOR
CHJNHCOCH-i ~ CHZNHCOCH3  CHZNHCOCH3
jCH3
OCH3
i I v
R
a. CHj
b. CHACH
c. CH5

from the corresponding alcohols (Table I). The reac-
tion was readily extended to glycols of the arenedi-
methanol type to produce several new difunctional
amides. The reaction of 4,6-dimethyl-1,3-di(hy-
droxymethyl)-benzene with excess acetonitrile af-
forded AvV'-diacetyl-4,6-dimethyl-1,3-di(amino-

(10) (a) J. Strakosch, Ber., 5,692 (1872). (b)C. Rudolph,
Ber., 12, 1297 (1879). (c) H. Amsel and A. W. Hofmann,
Ber., 19, 1284 (188C). (d) W. H. Carothers and G. A. Jones,
J. Am. Chem. Soc., 47, 3051 (1925).

(11) G. Kranzlein and M. Corell, German Patent 752,481.

(12) (a) T. Krober, Ber., 23, 1026 (1890). (b) F. Lustig,
Ber., 28,2988(1895).

(13) D. V. Nightingale and O. G. Shanholzer, J. Org.
Chem., 7, 6 (1942).

(14) (@) H. Goldschmidt and N. Polonowska, Ber., 20,
2407 (1887). (b) W. H. Carothers, C. F. Bickford, and G. J.
Hurwitz, J. Am. Chem. Soc., 49, 2908 (1927).
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TABLE |
A'-Arai.ktlamidks from Benzyl-type Alcohols with Nitriles and Sulfuric Acid
Molting Point Analyses

Compound Formula Yield, % °C. Lit., °C. (rof.) C ik
la CJL.NO 48 04.5-00.5 60-01" Caled. 72.45 7.43 9.40
60.4-61.4" Found 72.30 7.64 9.35

72.52 7.64
Ib C,.,HnNO 50 70-72 69c Caled. 74.50 0.88 8.70
Found 74.86 0.81 8.60

74.69 6.84
1 c,ho 40 110.5-111.5 109" Caled. 74.54 8.53 7.90
Found 74.81 8.53 1.77

74.90 8.55
11 C,dHINO 87 111-112 100.5e Caled. 73.59 8.03 8.58
107-108 Found 73.61 7.70 8.76

73.57 7.79
v CIHINO2 @ 94.5-90 96" Caled. 07.02 7.31 7.82
ar* Found 67.30 7.16 7.68

67.28 7.09

° Ref. (10) (c).6Ref. (10) (d).c Ref. (11). dRef. (13).6Ref. (12) (a). ' Ref. (12) (b). ORef. (14) (a). h Ref. (14) (b).

methyl)-benzene (Va) in 62% vyield. A variation in
technique consisted in treating the. glycol with a
slight molar excess of nitrile in a large volume of
sirupy phosphoric acid. In similar manner the di-
amides Vb-e, VI, and VIl were prepared from the
corresponding glycols. The properties of these com-
pounds are summarized in Table II.

CHNHCOCHS

CH2NHCOCH3
Vi

R
CH3
CHZCH
CH5
C1CH2
CICHZCH2

Pop o

When the reaction was carried out in the pres-
ence of acetic acid both alkylation and esterifica-
tion occurred in some instances. Thus 2,4-dimethyl-
benzyl alcohol with acetonitrile in acetic and sul-
furic acids afforded 28% of 2,4-dimethylbenzyl
acetate together with 33% of the amide I11. Under

the same conditions "G-dimethyl-m-xylene-a,«'-
diol afforded only an 8% vyield of the diamide Va.
The main product, melting at 114-115°, displayed
both ester and monosubstituted amide bands in the
infrared spectrum, and had the correct analysis for
the mixed ester-amide VIII.

EXPERIMENTALI

Benzyl alcohol and 4-met.hoxybenzyl alcohol were ob-
tained from commercial sources and used without further
purification. p-Xylene-«,a:-diol, m.p. 117.3-118.5°, was
obtained from the Columbia-Southern Chemical Company.
2,3,5,6-Tetramethyl-p-xylene-a,a'-diol, m.p. 250-251°, was
obtained from the Shell Development Company. 4-Methyl-
benzyl alcohol, m.p. 57.5-59°, was prepared from the corre-
sponding bromide.® 2,4-Dimcthylbenzyl alcohol, b.p. 108-
110° (5 mm.) and 4,6-dimethyl-m-xylene-a,a'-chol, m.p.
152-154°, were prepared similarly from the corresponding
chlorides.7 Commercial acetonitrile and acrylonitrile were
redistilled before use; other nitriles were not purified further.

Reactions in excess of nitrile. Preparation of K-benzyl-
acrylamide (Ib). To 200 g. (3.8 mole) of freshly distilled
acrylonitrile contained in all. three-necked flask equipped
with a Hershberg stirrer, thermometer, and dropping funnel
was added dropwise 75 ml. concentrated sulfuric acid at
0-10° over a period of 1 hr. A clean dropping funnel was
substituted and then 108.0 g. (1 mole) benzyl alcohol was
added slowly at the same temperature in 1 hr. After 2 hr.
longer the yellow solution was allowed to warm slowly to
25-30°, then stirred for 2 days. The mixture was poured
into ice water and the resulting oil was separated. The aque-
ous phase was extracted with three 200-ml. portions of ethyl
acetate. The combined organic phases were washed suc-
cessively with three 200-mnl. portions of saturated salt solu-
tion, saturated sodium bicarbonate solution, and again with
salt solution. The neutral extract was concentrated and the
oily residue was distilled. The product was a light yellow

(15) Al melting ar.d boiling points are uncorrected.
Kjeldahl analyses by I)r. James B. Lear and staff of these
laboratories. Infrared spectra by Miss Ruth M. Johnston.
Carbon and hydrogen analyses by Galbraith Laboratories,
Knoxville, Tenn.

(16) C. K. Ingold and E. Rothstein, J. Chem. Soc., 1278
(1928).

(17) J. von Braun and J. Nelles, Ber., 67B, 1094 (1934).



MARCH 1960 W-ALKYLATION OF NITRILES 333
TABLE 11
V,V'-Bisaralkylamides P repared from Arenedimethanols and Nitriles
Melting
Nitrile, mol/mol Paint, Yield, Analyses
of Glycol, Acid* Product Formula °c. % C H N
CHXCN, 29/1, S VI CHAIND 2 over 300 88 Calcd. 69.53 8.75 10.14
Found 69.45 8.69 10.07
CH2=CHCN, 23/1, S VI CHHIN202 polym. 230 65 Calcd. 68.83 6.60 11.47
Found 68.93 6.44 11.25
68.71 6.45
CHjCN, 30/1, S Va OMHAINO2 245-246.5 62 Calcd. 67.71 8.12 11.28
Found 67.70 8.01 11.16
67.46 8.06
CH,CN, 1.1/1,P Va 244-245.5 74
CH2=CHCN, 1.1/1,p Vb CHHIN2O2 polym. 250 98 Calcd. 70.56 7.40 10.29
Found 70.79 7.50 10.32
70.70 7.41
CEHCN, 1.1/1,P Ve chiZzhd?2 263.5-264.5 98 Calcd. 77.18 6.48 7.50
Found 76.96 6.60 7.45
77.17 6.55
CICHZN, 1.1/1,p Vd cth&xihd2 231-232 98 Calcd. 53.01 5.72 8.83
Found 53.21 5.51 8.61
53.39 5.60
CI1CHZCH,CN, 1.1/1, p Ve chZihd?2 206 (dec.) 98 Calcd. 55.65 6.42 8.11
Found 55.49 6.63 8.29
55.45 6.62

“ S, concentrated sulfuric acid; P, sirupy phosphoric acid.

oil, b.p. 120-124° (0.02 mm.), that crystallized in the cold
receiver. The yield of solid distillate was 97-99 g. (60-61%).
The product was dissolved in a mixture of 50 ml. benzene
and an equal volume of Skellysolve B on the steam bath.
The solution was transferred quantitatively to a 500-ml.
erlenmeyer flask with the aid of a little more benzene
and was then concentrated to about two thirds of its volume.
The product crystallized upon refrigeration. After filtration
and drying there was recovered 95-98 g. of amide, m.p. 65-
67.5°. The analytical sample melted at 70-72° after re-
peated recrystallization from benzene. The compounds re-
ported in Table | were prepared in similar fashion from the
corresponding alcohols and nitriles.

Preparation of N,N'-diacrylyl-1,4-di(aminomethyl)benzene
(VI). To a cold solution of 75 ml. sulfuric acid in 600 g.
(11.3 mole) acrylonitrile was added 69.0 g. (0.5 mole) p-
xylene-o:,<*-diol in small portions at 0-10°. After 2 hr. the
temperature was allowed to rise slowly to 30° and the re-
sulting two-phase mixture was then stirred overnight. The
upper layer was decanted and discarded. The residue formed
a voluminous precipitate upon neutralization with dilute
ammonium hydroxide. After filtration and drying there was
obtained 80 g. (64%,) of diamide which polymerized at
about 230°. The analytical sample was prepared by three
recrystallizations from methanol. The diamides Va and VII
were prepared similarly (Table II).

Reactions in 85% phosphoric acid. Preparation of N,N *di-
acetyl-4,6-dimelhyl-1,3-di{aminomethyl)benzene (Va). To a
mixture of 16.6 g. (0.1 mole) of 4,6-dimethyl-m-xylene-
a,a’-diol and 9.1 g. (0.22 mole) of acetonitrile was added
100 ml. sirupy phosphoric acid. The temperature was
allowed to rise spontaneously to 55° accompanied by
changes in color from pink to yellow. After 18 hr. the mix-
ture was poured into ice water. The resulting granular solid
was filtered, washed, and dried to give 19 g. (72%,) of crude
diamide, m.p. 225-240°. The analytical sample w-as prepared
by three recrvstallizations from methanol. In similar manner
the diamides Vb-e (Table Il) were prepared from the corre-
sponding gfycols and nitriles.

Reactions in acetic acid-sulfuric acid mixture. Reaction

of 2,4-dimethylbenzyl alcohol. From the reaction of 13.6 g.
(0.1 mole) of 2,4-dimethylbenzyl alcohol and 4.5 g. (0.11
mole) of acetonitrile in 175 ml. acetic acid with 5.5 ml. of
sulfuric acid there were obtained two products. The first
fraction consisted of 5.0 g. (28%) of colorless oil, b.p. 65-72°
(0.1 mm.), nZ&d 15040, identified by the infrared spectrum
as 2,4-dimethylbenzyl acetate. A fraction obtained at 130-
140° (0.1 mm.) weighed 6.1 g. and solidified in the receiver.
After recrystallization from a mixture of benzene and hexane
the melting point was 112- 113° and did not depress the
melting point of A-(2,4-dimethylbenzyl)acetamide (111)
prepared by the method of Nightingale and Shanholzer,3
m.p. 110-112°.

Reaction of 4,6-dimethyl-I,8-di{hydroxymethyl)benzene. To
a mixture of 16.6 g. (0.1 mole) of glycol and 9.1 g. (0.22 mole)
of acetonitrile was added a cold solution of 15 ml. sulfuric
acid in 175 ml. acetic acid with cooling beloa 30°. After 18
hr. at room temperature the mixture was treated with water
and dilute ammonium hydroxide. The resulting oily semi-
solid weighed 18 g. and melted at 80-130°. Recrystallization
from a mixture cf benzene and hexane gave 2.0 g. of solid,
m.p. 197-237°. The mother liquor was retained. A second
recrystallization of the solid raised the melting point to 244-
247°. By mixture melting point and infrared spectrum this
fraction was shown to be the diacetyl derivative of 4,6-di-
methyl-m-xylene-a, a'-diamine (Va) described above.

Concentration of the original mother liquors gave 10 g.
of solid, m.p. 106-110°. Recrystallization from benzene,
distillation, and another recrystallization from benzene-
hexane raised the melting point to 114-115°. The infrared
spectrum showed a typical strong ester band at 5.8 mand
the usual bands at 6.1 p and 6.5 p characteristic of a mono-
substituted amide, Bsuggesting the structure to be the ester-
amide VIII.

Anal. Caled. Tor Ci,HINO3 C, 67.44; H, 7.68; N, 5.62.
Found: C, 67.21, 67.20; H, 7.50, 7.60; N, 5.82.

(18) L. J. Bellamy, The Infrared Spectra of Complex
Molecules, 2nd ec., Methuen and Co., Ltd., London, 1958, pp.
179,211.
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Consecutive Ortho Substitution Rearrangements Starting with 2- and 4-

Substituted Benzyltrimethylammonium lonsl
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Ortho substitution rearrangements of 2-substituted benzyltrimethylammonium ions and of the methiodides of the products
were found to take place not only when the substituent was methyl or ethyl as reported previously, but also when the sub-
stituent was methoxy or chlorine. Similar consecutive rearrangements were realized starting with 4-substituted benzyltri-
methylammonium ions where the substituent was methyl, isopropyl, methoxy, or chlorine, but not when the substituent
was cyano. The yields were generally good to excellent, but they were very low in the second rearrangement when the sub-
stituent was chlorine. The structures of the rearranged amines were established in several ways. These results extend con-
siderably the usefulness of the ortho substitution rearrangement in synthesis. Infrared data for a number of benzyldimethyl-

amines are presented.

It has previously been shown that the benzyl-
trimethylammonium ion undergoes the ortho
substitution rearrangement with sodium amide in
liguid ammonia to form 2-methylbenzyldimethyl-
amine in 96% yield3bThe mechanism has been
represented by Equation |.3The methiodide of the

CH2N(CH33 CH2TN(CH3:

NaNH;
li). NHj u

product was further rearranged, and the process
was repeated until the aromatic ring was completely
substituted.3

The a-methylbenzyltrimethylammonium ion also
has been rearranged and the resulting 2-ethylbenzyl-
dimethylamine rearranged through its methiodide.6
This process was repeated once more.6

In the present investigation a study was made
of the generality of this type of rearrangement

(1) Supported in part by the National Science Founda-
tion.

(2) Union Carbide Chemicals Co. Fellow, 1956-58.

(3) S. W. Kantor and C. R. Hauser, J. Am. Chem. Soc.,
73, 4122(1951).

(4) W. R. Brasen and C. R. Hauser, Org. Syntheses, 63-4,
Note. 8 (1954).

(5) C. R. Hauser and A. J. Weinheimer, ,/. Am. Chem.
Soc.,76, 1261(1954).

starting with 2- and 4-substituted benzyltrimethyl-
ammonium ions.

Remits with 2 - substituted benzyltrimethylam-
monium ions. The general reactions for two con-
secutive rearrangements starting with quaternary
ammonium ions of this type may be represented
by Scheme A.

Scheme A
NaNH,
iliq, NHj) CH3
Sovond
\Y)

Y = CH3 CH5 CHLO, Cl

As indicated above, these two consecutive rear-
rangements have previously been observed when Y
is methyl and ethyl. They have now been realized
when Y is methoxy and chlorine. The vyields, in-
cluding those from the earlier examples for com-
parison, are summarized in Table I. The yields for
the méthylations of type Il amines to form type
Il quaternary ions, which are not included in this
table, were almost quantitative.

The structures of the two new amines lie and lid
from the first rearrangement in Scheme A were
established by oxidations to known acids and an-
hydrides (Scheme B).
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TABLE |
Yields op Rearranged Amines Il and IV from Quater-
nary lons | and Il with Sodium Amide in Liquid
Ammonia
Rearranged Rearranged
Amine Amine
Quiat. Yield, Quat. Yield,
lon Y No. % lon No. %
la ch3 Illa  60-70“ Ilia 1Va 436
Ib ch5 lib 90c I1b Vb 46¢
Ic och3 lie 84 Illc IVc 59
Id Cl lid 18(37) Hid Ivd 2

“Refs. 3 and 4. 6Ref. 3. cRef. 5 dPotassium amide
was employed in ether at room temperature (25-30°).

Scheme B
KMNO,
OH-
llc.Y =0OCH3
lid. Y=CI

The structures of the two new amines I'Yc and
IVd from the second rearrangement in Scheme A
were supported by their infrared spectra, each of
which showed a band in the 850-800 cm.-1 region.
These bands are attributed to the out-of-plane de-
formation frequency of the two adjacent hydrogens
on the aromatic ring,6 since the three vicinal
hydrogens on the aromatic ring in amines lie and
lid absorbed in the 800-750 cm.-1 region.6 The
structures of the amines I\Vc and 1\Vd were further
established by mild oxidations to the correspond-
ing monocarboxylic acids, which gave satisfactory
analyses.

It can be seen from Table | that the yields of the
rearranged amines of type Il from the first rear-
rangement in Scheme A were good to excellent not
only when Y was methyl34 or ethyl5 but also
when Y was methoxy (lie, 84%). However, the
yield of rearranged amine lid where Y was chlo-
rine was only 18% in the usual medium, liquid
ammonia, and 37% with potassium amide in ether
at room temperature (25-30°).

Whereas the 2-ethyl and 2-methoxy quaternary
ions (Ib and Ic) gave relatively little residual by-
product, the 2-methyl quaternary ion la produced,
besides the good yield of rearranged amine lla, a
considerable amount of neutral and basic dimeric

6) L J.
Molecules, 2nd. ed., John Wiley and Sons, Inc., New York,
N. Y., 1958, p. 78
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and trimeric by-products, one of which was 2,2'-
dimethylstilbene.R

The 2-chloro quaternary ion Id gave relatively
little residual material with an equivalent of sodium
amide in liquid ammonia even after 13 hours, which
is much longer than the usual 1-2 hour reaction
period. Yet the rearranged amine lid was obtained
in only 18% vyield, and 59% of the quaternary salt
Id was recovered unchanged. When this quaternary
ion was treated with two equivalentsofsodiumamide
in liquid ammonia for 5 hours, essentially none of
the rearranged amine lid was isolated. Instead,
considerable amine residue was obtained, and 61%
of the quaternary salt Id was recovered. Apparently
this amine residue arose from further reaction of
the rearranged amine lid with excess amide ion,
since a similar amine residue was produced in a
blank experiment with the amine Ild and the
reagent. The two samples of residue gave positive
diazonium tests for primary aromatic amines
and infrared bands at 3470 cm.-1 and 3390 cm.-1
for the N—H bond in primary amines.8 Evidently
these residues were formed by the benzyne type
of reaction involving the chlorine atom of amine
lid and the amide ion.9Incidentally, the quaternary
ion Id did not appear to undergo appreciable ben-
zyne reaction.D

These results indicate that the 2-chloro quater-
nary ion Id rearranged much more slowly than
quaternary ions la-c. This might be due partly to
a more unfavorable equilibrium than usual between
the predominant benzyl carbanion Id'1l and the
methyl carbanion 1d", which presumably is the
reactive intermediate in the rearrangement (Equa-
tion 2).22

Cl - +
\H CHN(CH33 CHN(CH3)3

|
Id- ch?2
Id' Id'

-lid )

It is possible that in the experiment in ether at a
higher temperature (25-30°) the ortho- substitu-
tion rearrangement of quaternary ion Id was ac-
companied by some of the Stevens type of 1,2-

(7) 1t was reported previously (ref. 3) and confirmed in
the present work that yields of approximately 6-8% each
of dimeric and trimeric neutral and basic by-products,
totaling 25-30%, are produced.

(8) Ref. 6, p. 249.

(9) J. D. Roberts, H. Simmons, Jr., L. Carlsmith, and
C. Vaughan, J. Am. Chem. Soc., 75, 3290 (1953).

(10) The crude recovered salts gave an infrared spectrum
identical with that of the pure starting quaternary salt, ex-
cept for two additional bands from the ammonium chloride
used in the neutralization of the reaction mixture.

(11) Because of the inductive effect of the o-chlorine atom
the benzyl carbanion Id' might be expected to be a con-
siderably weaker base than the corresponding benzyl
carbanions of quaternary ions la-c.

(12) Although some precipitate was present in the reac-
tion mixture, it was no more noticeable than those observed
with the quaternary ions that readily underwent the
rearrangement.
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shift, since the latter reaction is known to be favored
at the expense of the former by an elevation of
temperature.13 The 1,2- shift of a methyl group
within carhanion Id" would form tertiary amine V
and that of the 2-chlorobenzyl group within car-
banion Id", tertiary amine V1.

cl
CH2CH2N(CH32

Vi

However, the amine isolated in 37% yield must
have consisted at least largely of the ortho- substi-
tution rearrangement product I1d, since it produced
on oxidation the acids and the anhydride shown in
Scheme B. Apparently this oxidation process yielded
no o-chlorobcnzoic acid, which should have been
formed had amines V or VI been present.

It can further be seen from Table | that the
yields of amines of type IV from the second rear-
rangement in Scheme A were fairly good (43-59%)
when Y was methyl, ethyl, or methoxy. However,
the yield of amine IVd where Y was chlorine
was only 2% even when quaternary ion Hid was
treated with an equivalent of sodium amide in
liquid ammonia employing the inverse addition
procedure. Apparently the rearranged amine 1Vd
was not formed in appreciably higher yield and then
destroyed through the benzyne reaction, since most
of the product consisted of amorphous neutral
material.

It should be pointed out that the first and second
rearrangements in Scheme A might have been ac-
companied by some reaction at the substituted
ortho- position to form exo-methyleneamines of
types VII and VIII, since the 2,4,6-trimethyl-
benzyltrimethylammonium ion rearranges to give
the ezo-methyleneamine IX in 70% yield.14

Since e.ro-methyleneamine 1X was shown to be
decomposed readily by acid to form isodurene,
the earo-methylenearninés VII and VIII presum-
ably would have been converted tc corresponding
neutral compounds on acidification of the reaction
mixtures.

(13) C. R. Hauser, R. M. Manyik, W. R. Brasen, and
P. L. Bayless, J. Org. (‘hern., 20, 1119 (1955); G. Wittig
and H. Strieb, Ann., 584, 1 (1953).

(14) C. R. Hauser and D. N. Van Eenam, J. Am. Chem.
Soc., 76,1264(1954).
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Actually small amounts of compounds V11 and
VIl (Y = CH3 must have been formed in the
original relatively large scale experiments with
quaternary ions la and lIlia, since o-xylene and
hemillitene were isolated in yields of 1% and 3%,
respectively. Small amounts of such products
might have been produced in the present work,
hut they were not isolated.

Results with 4-substituted benzyltrimethylammo-
nium ions. The general reactions for two consecu-
tive rearrangements starting with quaternary
ammonium ions of this type may be represented
by Scheme C.

Scheme C
Y
N;iNH,
'lig.NH,-:
Hrst
Ronrrnngoment

CH,-N(CH1)3
X
CHa3l

CHXN(CH D)2 NaNH,
lig. NH3)
Second

Rearrangement 3C H,-N(CH33

kn
Y = CH3 (CH3XH, chd, Cl

ch

These two consecutive rearrangements were
realized when Y was methyl, isopropyl, methoxy,
and chlorine, but not when Y was cyanide. The
yields are summarized in Table Il. The yields for
the methylations of amines of type XI to form
quaternary ions of type XII (Scheme C) were
almost quantitative.

TABLE 11
Yields of Rearranged Amines V“ and IX from Quater-
nary lons VI and VIII with Sodium Amide in Liquid
Ammonia
Rearranged Rearranged
Amine Amine
Quat. Yield, Quat. Yield,
lon Y No. % lon No. %
Xa ch3 Xla 53-63 XHa XHIla 84
Xb CH(CHaa Xlb 92 Xllb  XHIb 68
Xc och3 Xlc 93 Xllc Xlllc 78
Xd Cl Xld 54-60 XHd XHId 8
Xe CN Xle 0 - - -

The structures of the rearranged amines of type
X1 from the first rearrangement in Scheme C
were established in several ways. That of amine
Xla was determined by mild and vigorous oxida-
tions to form the corresponding mono- and tri-
carboxylic acids, respectively. The latter acid was
dehydrated to give the anhydride (Scheme D).

Rearranged amine Xlb was independently syn-
thesized from the Grignard reagent of 2-bromo-p-
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Scheme D

COOH COOH

COOH 0=C—0
cymene and dimethylaminomethyl isobutyl ether
(Equation 3, It = isobutyl).15

1 Mg-ether'

2 ROCH*N(CH32 Xlb ©

Rearranged amines Xlc-d were oxidized to the
corresponding monocarboyxlic acids and dicar-
boxylic acids, the latter compounds being dehy-
drated to form anhydrides (Scheme E).

Scheme E
KMnO,
CH2N(CH,)
Xlc, Y=0CH3
Xld, Y=Cl

The structures of the rearranged amines of type
X111 from the second rearrangement in Scheme C
were established by reductions or oxidations.
Amines Xllla-b were converted to their meth-
iodides, which were reduced by the Emde method
(Equation 4).

XHla, Y = CHs
XHIb, Y = (CH3XH

(15)
methylaminomethyl alkyl ethers have been reported by
G. M. Robinson and R. Robinson, J. Chem. Soc., 532 (1923).
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The prehnitene from amine XHla exhibited an
infrared spectrum identical with that of an authen-
tic sample of this hydrocarbon. The 4-isopropyl-
1,2,3-trimethylbenzene from amine XHIb gave,
besides a satisfactory analysis, an infrared spec-
trum showing the same type of aromatic substitu-
tion as prehnitene.

Rearranged amines XHIc-d were oxidized to
the corresponding monocarboxylic acids, both of
which gave satisfactory analyses (Equation 5).

Y Y
N(CH32
(CHI KMnO,
OH*
CH3
Xlllc, Y = OCH3
XHId, Y = Cl

In further support for structures XHlc-d, the
infrared spectra of the amines lacked a band in
the 900-860 cm.-1 region which was present in the
spectra of amines Xlc-d. This band is attributed to
an isolated hydrogen atom situated between two
substituents on the aromatic ring.16

It can be seen from Table Il that the yields of
the rearranged amines of type XI from the first
rearrangement in Scheme C were excellent (92-
93%) when Y was isopropyl or methoxy, and
good (53-63%) when Y was methyl or chlorine.
The similarities and differences of these results
compared to those from the 2-substituted quater-
nary ions are considered below.

Similar to the 2-methyl quaternary ion la, the 4-
methyl quaternary ion Xa gave, besides the rear-
ranged amine Xla, a considerable amount of neutral
residual material from which the dimer 4,4'-
dimethylstilbene was isolated in s-10% vyields.
Also, a small amount of basic residue was obtained.
However, this ratio of neutral to basic residual by-
products was considerably higher than that ob-
tained from quaternary ion la, with which the ratio
was approximately 1:1.87 Moreover, the vyield of
the rearranged amine appeared to be influenced by
reaction conditions much less with quaternary ion
Xathan with la.17

Like the 2-ethyl and 2-methoxy quaternary ions
Ib and Ic, the 4-isopropyl and 4-methoxy quater-
nary ions Xb and Xc produced excellent yields of
the rearranged amines with very little residual
material. Incidently, the 93% vyield of the rear-
ranged amine Xlc given in Table Il was obtained
with two equivalents of sodium amide in liquid
ammonia on stopping the reaction after only 5
minutes. The yields listed for certain of the other

(16) Ref. 6,p. 79.

(17) Whereas the yields of 53-63% of amine Xla were
obtained on varying the amount of ammonia used and the
rate of addition of quaternary ammonium ion Xa, the 60-

Similar reactions of Grignard reagents with di-70% yield of amine Ila was lowered to 30% when quater-

nary ion la was added rapidly to the reagent in a relatively
small amount of ammonia (ref. 3).
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rearranged amines could probably also be obtained
in much shorter time than the usual 1 to 2 hours
allowed.

Whereas the 2-chloro quaternary ion Id produced
only an 18% vyield of the rearranged amine after
13 hours, the 4-chloro quaternary ion Xd gave
54-60% yields with an equivalent cf sodium amide
in liquid ammonia within 30 minutes to 1 hour.
The inverse addition procedure was employed for
the best yield, but the rapid addition of the qua-
ternary salt Xd to the reagent gave almost as good
yield.

Similar to the 2-chloro quaternary ion Id, the
4-chloro quaternary ion Xd gave considerable
amine residue with two equivalents of the reagent,
although some of the rearranged amine XlId was
isolated. This residue, the amount of which in-
creased with the length of the reaction period,
apparently arose from further reaction of the re-
arranged amine Xld with excess reagent, since it
gave a positive diazonium test and infrared bands
for the N-H bond.

The failure of the 4-cyano quaternary ion Xe
to rearrange with an equivalent of sodium amide
liguid ammonia cannot be ascribed to side reac-
tions, since 93% of the essentially pure quaternary
salt was recovered after 3 hours. However, when
two equivalents of the reagent were employed the
recovered quaternary salt was quite impure.s
Since color was produced, carbanicns Xe' and/or
Xe" were evidently produced. The failure of the
latter to rearrange under the conditions employed
might possibly be due to its relatively low concen-
tration in equilibrium with the more weakly basic
resonating carbanion Xe' (Equation s).

NC<M>ChS(CH,);, — E+NC<MCHZi(CH32 (6
Xe' Xe"

It can further be seen from Table Il that the
yields of tertiary amines of type XIII from the
second rearrangement in Scheme C were good to
excellent (68-84%) when Y was methyl, isopropyl,
or methoxy. The larger size of the isopropyl group
compared to the methyl group evidently had rela-
tively little effect on the rearrangement. However,
the yield was only 8% when Y was chlorine, and
57% of the quaternary salt Xlla was recovered.

The fact that the second rearrangement in
Scheme C as well as that in Scheme A was realized
in better yield when Y was alkyl or methoxy than
when Y was chlorine was not anticipated on the
basis of the current aromatic nucleophilic mech-
anism (see Equation 1). While this mechanism has
been useful for correlating previous results, the
present results suggest that it may need modi-

(18) Although the excess amide ion might be expected to
attack the nitrile group to form an amidine, an infrared
spectrum of the crude recovered quaternary salt failed to
show bands for the N—H bond.
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fication. A further study of the mechanism is now
in progress.

Synthetic considerations. The ortho substitution
rearrangements represented in Equation 1 and
Scheme A (Y = CHO have previously been em-
ployed for the synthesis of not only the rearranged
amines, but also of certain vicinal methyl deriva-
tives. For examples, the methiodide of rearranged
amine lla has been converted by an Emde reduc-
tion to hemimellitene (XIV, Y = CH3J in repro-
ducible yields of 85-90%.18Also the ethobromide
derivative of Ila has been converted by a dis-
placement reaction with sodium acetate in acetic
acid followed by saponification to 2,3-dimethyl-
benzyl alcohol (XV, Y = OCII3 in reproducible
over-all yields of 84-88%.2

Y Y

The present results extend considerably the
synthetic possibilities of the rearrangement. The
reactions mentioned above should be applicable not
only to other quaternary ions of Type Il where Y
is alkyl or methoxy. producing compounds of
types X1V and XV, but also to those of rearranged
amines of type IV (see Scheme A) or even to fur-
ther rearranged amines, yielding higher substitu-
tion products. Moreover, such reactions should be
feasible with quaternary ions of the rearranged
amines of types XI and XIII (see Scheme C) to
form compounds of types XVI and XVII and the
corresponding higher substitution products in which
Y is alkyl or methoxy.

Examples of the Emde reduction of the met.h-
iodides of type XIII rearranged amines are il-
lustrated in Equation 4, in which the higher substi-
tution products where Y is isopropyl or methyl are
obtained in 66% and 75% yields, respectively.

Besides the types of compounds indicated above,
certain carboxylic acids may be prepared con-
veniently through the ortho- substitution rearrange-
ment. For example, the oxidation of rearranged
amines lie and Xlc has produced 3-methoxy-2-
methylbenzoic and 5 - methoxy - 2 - methylbenzoic
acids in yields of 80% and 83%, respectively.

(19) W. R. Brasen and C. R. Hauser, Org. Syntheses, 34,
56 (1954).

(20) W. R. Brasen and C. R. Hauser, Org. Syntheses, 34,
58 (1954).
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Infrared absorption spectra of benzyldimethyl-
amines. All of the substituted benzyldimethylamines
obtained in the present investigation and those
others which were also examined exhibited a single
moderate to strong band in their infrared spectra
within the narrow range of 837-853 cm.-1 This
band appears to be specific for benzyldimethyl-
amines and seems not to have been described
previously. Table 11l summarizes the amines the
spectra of which have been recorded and their
characteristic absorption wave lengths in this
region.

TABLE 11
Infrared
Absorption
Frequency,"
Amine Cm.-1
Benzyldimethylamine 849
2.3- Dimethylbenzyldimethylamine 847
2,5-Dimethylbenzyldimethylamine 848
3-Methoxy-2-methylbenzyldimethylamine 844
5-Methoxy-2-methylbenzyldimethylamine 837
3- Chloro-2-meth3dbenzyldimethylamine 847
5- Chloro-2-methylbenzyldimethylamine 838
5Tsopropyl-2-methylbenzyldimethylamine 842
2.3- Dimethyl-4-methoxybenzyldimethylamine 850
2.3- Dimethyl-6-methoxybenzyldimethylamine 8506
2.3- Dimethyl-6-isopropylbenzyldimeth}damine 847
6- Chloro-2,3-dimethylbenzyldimethylamine 8496
4- Chloro-2,3-dimeth}rbenzyldimethylamine 853
2,3,6-Trimethylbenzyldimethylamine 849s

“ All spectra run on a Perkin-E mer Model 21 Infrared
Spectrophotometer unless otherwise designated. 6 Spectra
run on Perkin-Elmer Infracord.

It is interesting to note that the methiodides of
these amines do not absorb in this region. The
dimethylaminomethyl group alone is probably not
responsible for the absorption, since several sub-
stituted /3-phenylethyldimethylamines were found
to show no absorption within this range. The band
is also weak or absent in many «-substituted benzyl-
dimethylamines which have been prepared in this
laboratory.

EXPERIMENTAL2L

2-Methoxybenzyltrimethylammonium. bromide (Ic). 2-Meth-
oxybenzoic acid (76 g., 0.5 mole) was reduced with 25 g.
(0.6 mole) of 95% lithium aluminum hydride in 1000 ml. of
anhydrous ether by the method used for the reduction of
3,5-dimethoxybenzoic acid2to give 59.5 g. (86%) of 2-meth-
oxvbenzyl alcohol, b.p. 125-127° at 13 mm., lit., 3 b.p.
125-127° at 13 mm.

This alcohol (59.5 g., 0.43 mole) was treated with 58.0
g. (0.215 mole) of phosphorus tribromide in 750 ml. of

(21) Analyses were performed by Galbraith Microanalyti-
cal Laboratories, Knoxville, Tenn. Melting points were
determined on a Fisher melting point block and are cor-
rected. Infrared spectra were produced on either a Perkin-
Elmer Model 21 spectrophotometer or a Perkin-Elmer
Infracord.

(22) R. Adams, M. Harfienst, and S. Leowe, J. Am.
Chem.Soc., 71, 1624(1949).

(23) M. G. Vavon, Compt. rend., 154, 359 (1912).
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ether and allowed to stand overnight. The excess phos-
phorus tribromide was hydrolyzed with ice and the layers
separated. The ether layer was washed with water and
sodium bicarbonate solution and dried over anhydrous mag-
nesium sulfate. Distillation yielded 73.0 g. (85%) of 2-
methoxybenzyl bromide, b.p. 114.5-116° at 10 mm., lit.,.24
b.p. 115° at 10 mm. This bromide polymerized unless used
within a few hours.

A solution of the freshly prepared bromide (73 g., 0.36
mole) in 350 ml. of acetonitrile cooled in an ice bath was
treated with an excess (29 g., 43 ml., 0.5 mole) of liquid
trimethylamine. After 1 hr., 1500 ml. of ether was added
gradually with stirring to precipitate the 2-methoxybenzyl-
trimethylammonium bromide (Ic), which was collected on a
suction funnel, washed with ether, and dried in a vacuum
desiccator. Yield, 89 g. (94%), m.p. 188.5-189.5°. Since
it was somewhat hygroscopic, its picrate was prepared for
analysis. After three recrystallizations from 95% ethanol it
melted at 152.5-153°.

Anal. Calcd. for CnH2DNA 8 C, 50.00; H, 4.94; N, 13.72.
Found: C, 49.96; H, 5.15; N, 13.71.

Rearrangement of quaternary salt Ic to form amine lie.
To a stirred suspension of 0.20 mole of sodium amide in
300 ml. of liquid ammoniaz was added during 10 min. 26.0
g. (0.1 mole) of 2-methoxybenzyltrimethylammonium bro-
mide (Ic). The color of the reaction mixture was reddish
purple, which soon faded to gray. After 1 hr. 10.7 g. (0.2
mole) of solid ammonium chloride was added, and the
liquid ammonia was evaporated as an approximately equal
volume of ether was added. The resulting ethereal suspension
was filtered (to remove the salts) and extracted with three
100-ml. portions of 2N hydrochloric acid.® The ether solu-
tion was dried over magnesium sulfate and evaporated,
leaving no appreciable residue. The combined acid extract
was carefully made strongly basic with solid sodium hy-
droxide, cooled with ice, and extracted with two 100-ml.
portions of ether. This ethereal solution of the amine was
dried over magnesium sulfate and distilled, yielding 15.10
g. (84%) of 3-methoxy-2-methylbenzyldimethylamine (lie),
b.p. 111-113° at 9.5 mm., n® 15176, and leaving 0.90 g.
of acid-soluble pot residue.

Anal. Calcd. for C,H,NO: C, 73.70; H, 9.56; N, 7.91.
Found: C, 73.86; H, 9.74; N, 7.97.

The picrate, recrystallized twice from 95% ethanol, melted
at 125-125.5°.

Anal. Calcd. for CnH2,ND 8: C, 50.00; H, 4.94; N, 13.72.
Found: C, 50.03; H, 4.84; N, 13.74.

Oxidation of a 2.0 g. sample of amine lie was effected at
room temperature with 6.0 g. of potassium permanganate
in 100 ml. of 0.5Ar sodium hydroxide solution. A 3.0-g. por-
tion of the potassium permanganate was added at first,
and three 1.0-g. portions were each added after the color of
the preceding portion had disappeared. After filtration
through a Supercel mat the filtrate was acidified and the
product collected. After one recrvstallization from aqueous
ethanol the yield was 1.48 g. (80%) of 3-methoxy-2-methyl-
benzoic acid, m.p. 145-146°, lit.,Z m.p. 145-146°.

Further oxidation of the above monoacid was effected by
heating a 0.5-g. sample with 0.95 g. of potassium permanga-
nate in 100 ml. of 0.05.V sodium hydroxide solution until
the purple color had disappeared (about 15 min.). The
manganese dioxide was removed by filtration through a
Supercel mat, anc the filtrate was acidified and filtered
again to remove a small amount of the starting monoacid.
The solution was saturated with sodium sulfate and ex-
tracted with ether, which was then dried over magnesium

(24) E. Spath, Monatsh., 34, 1996 (1913).

(25) See C. R. Hauser, F. W. Swamer, and J. T. Adams,
Org. Reactions, 122 (1954).

(26) The acid extraction was omitted in subsequent ex-
periments, since no neutral material was obtained.

(27) L. F. Fieser and W. C. Lothrop, J. Am. Chem. Soc.,
58,749(1936).
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sulfate and evaporated to give 0.17 g. of S-methoxyphthalic
acid. After two recrystallizations from ethanol and hexane
the product melted at 169.5-170.5° dec., lit., m.p. 173-
174° dec.

A small sample of this dicarboxylic acid was boiled in a
test tube to give 3-methoxyphthalic anhydride, m.p. 158-
158.5°, lit.,Bm.p. 160-161°.38

S-Methoxy-2-methxylbenzyltrimethylammonium iodide (111c).
To a stirred, cooled solution of 28.64 g. (0.16 mole) of 3-
methoxy-2-methylbenzyldimethylamine (lie) in 150 ml.
of acetonitrile was added 43.0 g. (0.30 mole) of methyl
iodide. Crystallization began within a few minutes. After
1 hr. the precipitation was completed by the addition of
500 ml. of dry ether while the mixture was stirred vigorously.
The salt was collected on a suction filter, washed with dry
ether, and dried in a vacuum desiccator. The yield was
509 ¢ (97%) of 3-methoxy-2-methylbenzyltrimethyl-
ammonium iodide (111c), m.p. 225° dec. A sample recrys-
tallized from a mixture of ethanol and acetonitrile melted
at 227° dec.

Anal. Calcd. for CIHAXO: C, 44.73; H, 6.25; X, 4.35.
Found C, 44.88; H, 0.34; X, 4.34.

Rearrangement of Illc to 2,3-dimethyl-i-methoxybenzyldi-
methylamine (IVc). This reaction was carried out with
30.1 g. (0.094 mole) of 3-methoxy-2-methylbenzyltrimethyl-
ammonium iodide (I11c) and 0.112 mole cf sodium amide in
300 ml. of liqguid ammonia as described for Ic. The color,
which was blue-black during the addition, became a light
purple shortly after the addition was complete.

From the neutral fraction 1.67 g. of light brown amor-
phous material was obtained. Distillation of the basic frac-
tion yielded 0.58 g. of forerun, b.p. 120-126° at 9 mm., ra&2?
I. 5195, and 10.72 g. (59%) of 2,3-dimethyl-4-methoxybenzyl-
dimethylamine (1\Vc), b.p. 126-127.5° at 9 mm., n2 1.5204,
and 1.96 g. of pot residue.

Anal. Calcd. for CMHigXO: C, 74.57; H, 9.91: X, 7.25.
Found: C, 74.76; H, 9.71; X, 7.24.

The methiodide of a 2.0 g. sample of amine IVc was
prepared with excess methyl iodide in 15 ml. of acetonitrile.
After the mixture had stood for 30 min., it was heated to
boiling and the methiodide slowly precipitated by the care-
ful addition of anhydrous ether. A yield of 3.15 g. (91%),
m. p. 232-233°, was obtained. The melting point was not
raised bv further recrystallization.

Anal. Calcd. for C.dTJXO: C, 46.58; H, 6.62; X, 4.18.
Found: C, 46.34; H, 6.55; X, 4.07.

Oxidation of 2.0 g. of amine V¢ with 5.2 g. of potassium
permanganate as described for amine lie yielded after
one recrystallization from aqueous ethanol 0.80 g. (42%,) of
2,3-dimethyl-4-methoxybenzoie acid, m.p. 204—205°.

Anal. Calcd. for CkHiD 3. C, 66.65; Il, 6.71. Found: C,
66.36: H, 6.71.

2-Chlorobenzyltrimethijlammonium  chloride  (Id). This
quaternary salt was prepared in 96% vyield from 161 g.
(1 mole) of 2-chlorobenzyl chloride and 118 g. (2 moles) of
liquid trimethylamine as described for Ic. Its melting point
was 208-209°.

The picrate, after one recrystallization from 95% ethanol,
melted at 166.5-167.5°.

Anal. Calcd. for CieHnXTCICV. C, 45.00; H, 4.02; X,
13.12. Found: C, 45.17; H, 4.16: X, 13.23.

Rearrangement of quaternary salt Id to amine lid. (A) In
liquid ammonia. To a suspension of 0.15 mole of sodium
amide in 500 ml. of liquid ammonia was added through
Gooch tubing as rapidly as possible 33.0 g. (0.15 mole) of
2-chlorobenzyltrimethylammonium chloride (Id). The mix-
ture was allowed to stir under a Dry Ice reflux condenser
for 13 hr. The initial bright green color gradually changed
to yellow and then to tan. Ammonium chloride 8.02 g., 0.15
mole was added for neutralization, and the ammonia was
replaced by ether as it was evaporated. The salts were re-

(28) W. Bentley, K. Robinson, and C. VVeizmann, J.
Client. Soc., 91, 110 (1907).
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moved by filtration and the ether evaporated from the fil-
trate. Distillation of the residue yielded 4.59 g. (18%) of
3-chloro-2-methvlbenzyldimethylamine  (lid), b.p. 103-
106.5° at 9.5 mm., nI5 15248, and 1.68 g. of acid-soluble
pot residue.

The ether-insoluble salts mentioned above were triturated
with 250 ml. of hot acetonitrile and filtered. Dilution of the
filtrate with ether precipitated 19.5 g. (59%) of recovered
2-chlorobenzyltrimethylammonium chloride (Id), m.p. 204-
206°, mixed m.p. 205-207°.

Recovery of 92-93% cf the starting material was ob-
served with 1-2 equivalents of amide ion within 45 min.

(B) With potassium amide in ether. To a solution of 0.20
mole of potassium amide in liquid ammonia® was added
rapidly 55 g. (0.2 mole) of 2-ehlorobenzyltrimethylammo-
nium chloride (I1d). After 10 min., 400 ml. of dry ether was
added, the ammonia being allowed to evaporate while the
mixture was stirred for 22 hr. Hydrolysis was carried out
carefully with 100 ml. of water, then 250 ml. of 2N hydro-
chloric acid. The layers were separated, and the aqueous
phase was carefully made strongly basic by the addition of
solid sodium hydroxide. Ice was added and the mixture
extracted with three 100-ml. portions of ether. The ether
solution was dried over magnesium sulfate and the solvent
evaporated. The residue was distilled to give 14.82 g. of a
fraction boiling at 105-103° at 10.1 mm. and 5.04 g. of un-
distillable tar. Redistillation of the distillable fraction
yielded 13.36 g. (37%,) of 3-chloro-2-methylbenzyldimethyl-
amine (lid), b.p. 105.5-10S0at 10 mm., >25 1.5246.

Anal. Calcd. for CmHuUCIX: C, 65.40; H, 7.68; X, 7.63.
Found: C, 65.52; H, 7.63' N, 7.66.

The picrate, recrystallized three times from 95% ethanol,
melted at 140-140.5°.

Anal. Calcd. for CuHnCIXdCh: C, 46.56; H, 4.14; X,
13.56. Found: C, 46.49; H, 4.04; X, 13.57.

Almost the same yield (33%) of amine lid was obtained
when quaternary ion Id was treated with two equivalents
of potassium amide in ether for 24 hr. However, more basic
tar was obtained.

Mild oxidation of 2.0 g. of amine lid as described for lie
gave 1.0 g. (53%) of 3-chloro-2-methylbenzoic acid, m.p.,
157.5- 158.5° lit.,3m.p. 159°.

Further oxidation of a 0.2 g. sample of the above mono-
acid was effected with 0.39 g. of potassium permanganate
to give 0.20 g. of 3-chlorophthalic acid, m.p. 182-184°,
lit.,3imp. 186°.

A small sample of the acid was boiled in a test tube,
yielding 3-chlorophthalic anhydride, m.p. 120-121.5°,
fit.,3Am.p. 122°.

S-Chloro-S-methylbenzyltrimelhylammonium iodide (Hid).
This quaternary salt was prepared from 17.8 g. (0.097 mole)
of 3-chloro-2-methylbenzyldimethylamine (lid) and 28.4
g. (0.200 mole) of methyl iodide. Yield, 31.3 g. (99%), m.p.
223.5- 225.5° dec. After two recrystallizations from a mix-
ture of acetone and ethanol the yield was 25.4 g. (84%),
melting at a constant 238-238.5° dec.

Anal. Calcd. for C,,HnCIIX: C, 40.57; H, 5.27; X, 4.31.
Founc: C, 40.76; H, 5.01; X, 4.30.

Rearrangement of quaternary salt Hid to amine 1\VVd. To
264 g. (0.081 mole) of 3-chloro-2-methylbenzyltrimethyl-
ammonium iodide (111d) in 300 ml. of liquid ammonia was
added over a 10-min. period a suspension of 0.085 mole of
sodium amide in 200 ml. of liquid ammonia (inverse addi-
tion). After 25 hr. the reaction mixture was neutralized
with 4.56 g. (0.085 mole) of solid ammonium chloride and
the ammonia replaced by ether. The product was worked
up by the usual procedure, employing acid extraction.

(29, See C. R. Hauser and T. M. Harris, .1 Am. (‘hem.
Soc., 81, 1160,(1959).

(30i E. XoeUing, Ber., 37, 1025 (1904).

(31) M. T. Bogert and L. Boroschek, J. Am. Chem. Soc.,
23,751 (1901).
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The neutral fraction consisted of 5.0 g. of a light yellow
amorphous solid.

The viscous amine fraction (1.5 g.) was distilled to give
0.32 g. (2%) of 4-chloro-2,3-dimethylbenzyldimethylamine
(Ivd), b.p. 126-127° at 10 mm., n25 1.5309.

Anal. Calcd. for CnH,&CIN: C, 66.82; H, 8.16; N, 7.09.
Found: C, 67.04; H, 8.27; N, 7.25.

The methiodide, prepared in acetonitrile from a few drops
of the amine and excess methyl iodide, melted at 235-235.5°
after one recrystallization from a mixture of ethanol and
hexane.

Anal. Calcd. for CiHICLIX: C, 42.44; H, 5.63; X, 4.13.
Found: C, 42.24; H, 5.47; X, 3.97.

The crude ether-insoluble salts were triturated in 150 ml.
of water, and the insoluble portion was collected on a filter.
After one recrystallization from ethanol 3.5 g. (14%) of the
starting quaternary iodide Hid was recovered, m.p. 233-
234°, mixed m.p. 238-238.5°.

Oxidation of 0.18 g. of amine IVd was effected with 0.49
g. of potassium permanganate added in four portions to the
amine in 20 ml. of 0.5Ar sodium hydroxide solution. After
filtration the solution was acidified, and the product was
collected and recrystallized once from aqueous ethanol. A
yield of 0.08 g. (49%) was obtained of 4-methoxy-2,3-di-
methylbenzoic acid, m.p. 180-182°. Another recrystallization
from ethanol and hexane raised the melting point to 183°.

Anal. Calcd. for conocioz: C, 58.56; H, 4.82. Found: C,
58.73; H, 5.03.

U-Methylbenzyltrimethylammonium bromide (Xa). This
salt was prepared from 55.5 g. (0.3 mole) of a-bromo-p-
xylene (b.p. 105-106° at 20 mm.) as described for salt Ic.
The yield was 74 g. (99%), m.p. 196-197°, reported m.p.
194°.2

Rearrangement of Xa toform amine Xla. This reaction was
carried out with 24.4 g. (0.1 mole) of 4-methylbenzyltri-
methylammonium bromide (Xa) and 0.2 mole of sodium
amide in 300 ml. of liquid ammonia essentially as described
for Ic. The addition period was 45 min., and the reaction
was allowed to run for an additional 45 min. The initial deep
red-violet color persisted throughout the reaction period.

The neutral fraction, 4.0 g. of yellow fluorescent solid,
was recrystallized from 95% ethanol, yielding 1.0 g. (10%)
of 4,4'-dimethylstilbene, m.p. 171-173°, lit.,3m.p. 178°. An
additional recrystallization from 95% ethanol raised its
melting point to 174-175°. It was oxidized with 3XT nitric
acid (18 hr. refluxing) to p-toluic acid, m.p. 174-175°, re-
ported m.p. 177°.3% Admixture with an authentic sample
gave a melting point of 176-176.5°.

Distillation of the basic products yielded 10.25 g. (63%)
of 2,5-dimethylbenzyldimethylamine (Xla), b.p. 89.5-
90.7° at 11 mm., n3 1.5044, and less than 1 g. of residue.

Anal. Calcd. for CuHi7X: C, 80.92; H, 10.50; X, 8.58.
Found: C, 80.89; H, 10.35; N, 8.57.

A picrate, after three recrystallizations from 95% ethanol,
melted at 121.5-122°.

Anal. Calcd. for CIHZN407: C, 52.00; H, 5.14; X, 14.30.
Found: C, 52.10; H, 4.94; N, 14.33.

Slightly lower yields of Xla (dowm to 53%) were obtained
using a smaller volume of liquid ammonia.

Oxidation of a 2.0 g. sample of amine Xla was effected
with 6.0 g. of potassium permanganate in 100 ml. of 0.5N
sodium hydroxide solution. After recrystallization of the
product once from aqueous ethanol a yield of 1.0 g. (54%)
of 2,5-dimethylbenzoic acid was obtained, m.p. 129-130°,
lit.,dm.p. 132°. Admixture with an authentic sample gave
a melting point of 131.5-132°.

Vigorous oxidation of amine Xla to trimellilic acid and con-
version to its anhydride. A 2.0 g. sample of amine Xla and

(32) J. von Braun and H. Engel, Ann., 436, 299 (1924).

(33) E. Spath, Monatsh., 35, 470 (1914).

(34) R. L. Shriner, It. C. Fuson, and D. Y. Curtin, The
Systematic ldentification of Organic Compounds, 4th ed.,
John Wiley and Sons, Inc., Xew York, X. Y., 1956, p. 279.

ORTHO SUBSTITUTION REARRANGEMENTS

341

20 g. of potassium permanganate were added to 100 ml. of
0.1A7 sodium hydroxide solution and the mixture was re-
fluxed for 17 hr. The manganese dioxide was removed by
filtration through a mat of Hyflo Supercel. The resulting
clear filtrate was made strongly acidic with hydrochloric
acid and saturated with sodium sulfate. The product was
extracted with three 100-ml. portions of ether, which were
combined, dried, and evaporated. A yield of 1.9 g. (74%,)
of crude trimellitic acid, m.p. 217-218°, was obtained. One
recrystallization from a mixture of benzene and methanol
raised the melting point to 228°, lit.,3m.p. 224-225°.

A small portion of the product was boiled in a test tube,
producing trimellitic anhydride, m.p. 159-160°, lit.,3738
m.p. 162.5-163.5°, 157-158°.

9%,5-Dimethylbenzyltrimethylammonium iodide (X1la). This
salt was obtained in 99% vyield from 26.08 g. (0.16 mole)
of 2,5-dimethylbenzyidimethylamine (Xla) and 43 g. (0.30
mole) of methyl iodide as described for I1lc. The melting
point was 250° (darkened at 245°) and was not changed by
recrystallization from acetonitrile.

Anal. Calcd. for C*MIN: C, 47.25; H, 6.56; X, 4.59.
Found: C, 47.28; H, 6.74; X, 4.79.

Rearrangement of Xlla to form amine Xllla. This rear-
rangement was carried out with 45.75 g. (0.15 mole) of 2,5-
dimethylbenzyltrimethylammonium iodide (XIla) and 0.30
mole of sodium amide in 750 ml. of liquid ammonia essen-
tially as described for Ic. The addition period was 45 min.,
and the reaction was allowed to proceed for an additional
1.75 hr. Distillation of the crude productsZByielded 22.17
g (84%) of 2,3,6-trimethylbenzyldimethylamine (Xllla),
b.p. 108-110.5° at 10 mm., ra®® 1.5160, and 1.22 g. of amine
residue.

Anal. Calcd. for CIH19X: C, 81.30; H, 10.80; X, 7.90.
Found: C, 81.50; H, 10.94; X, 7.90.

2,3,6-Trimethylbenzyltrimeihylammonium iodide. This salt
was obtained in 93%, yield from 10.62 g. (0.06 mole) of
2,3,6-trimethylber.zyldimethylamine (Xllla) and 14.2 g.
(0.10 mole) of methyl iodide as described for Illc. The
melting point was 194° dec.

Anal. Calcd. for CIH2AX: C, 48.91; H, 6.95; X, 4.39.
Found: C, 48.78; H, 6.98; X, 4.40.

Emde reduction toform prehnitene. The Org. Syntheses pro-
cedure used for the preparation of hemimellitenel® was em-
ployed, using 15.95 g. (0.05 mole) of 2,3,6-trimethylbenzyl-
trimethylammonium iodide and 210 g. of 5%, sodium
amalgam. The product was isolated in this case by steam dis-
tillation and extraction of the steam distillate with ether.
Distillation of the dried ether extracts yielded 5.02 g.
(75%) of prehnitene, b.p. 95-97° at 25 mm., 2P 1.5185, re-
ported b.p. 97-98° at 25 mm., 1.5183.3 The infrared
spectrum was identical with that, of an authentic sample.

4-1sopropylbenzyltiimelhylammonium  bromide (Xb). 4-
Isopropylbenzyl alcohol (60 g., 0.4 mole) was treated with
542 g. (0.2 mole) cf phosphorus tribromide essentially as
described in the preparation of Ic. The reaction period was
only 1hr. Distillation of the product yielded 71.2 g. (84%)
of p-isopropylbenzyl bromide, b.p. 118-120° at 14 mm.,
lit.,£0b.p. 108-109° at 14mm.

This bromide (71.0 g., 0.33 mole) was treated with 40 g.
(60 ml., 0.67 mole) of liquid trimethylamine as described
for Ic. The salt was difficult to crystallize upon addition of
the ether, presumably because of its extremely hygroscopic
character. It was handled in a dry box. A yield of 81.4 g.

(35) R. L. Shriner, R. C. Fuson, and D. T. Curtin, The
Systematic Identification of Organic Compounds, 4th ed.,
John Wiley and Sons, Inc., Xew York, X. Y., 1956.

(36) A. Baever and V. Villiger, Her., 32, 2445 (1899).

(37) W. Schultze, Ann., 359, 143 (1908).

(38) A. Baever, Ann., 166, 341 (1873).

(39) C. R. Hauser and D. X. Van Eenam, J. Org. Chem.,,
23,865(1958).

(40) J. W. Baker and W. S. Xathan, J. Chem. Soc., 1935,
1844,
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(90%) of 4-isopropylbenzyltrimethylammonium bromide
(Xb) was thus obtained, m.p. 139-140° (softening at 125°).

Anal. Calcd. for CIHZBrN: C, 57.35; H, 8.15; N, 5.15.
Found: C, 57.53; H, 8.35; N, 5.16.

Rearrangement of Xb toform amine Xlb. The rearrange-
ment was effected during 1.5 hr. with 27.2 g. (0.1 mole) of
4-isopropylbenzyltrimethylammonium bromide (Xb) and
0.2 mole of sodium amide in 300 ml. of liquid ammonia essen-
tially as described for Ic.® Distillation yielded 17.46 g.
(92%) of 5-isopropyl-2-methylbenzyldimethylamine (XIb),
b.p. 108-111.5° at 10 mm., n£ 1.4989.

Anal. Calcd. for CiH2N: C, 81.61; H, 11.06; N, 7.32.
Found: C, 81.82; H, 11.03; N, 7.23.

Independent synthesis of amine Xlb. (A) Dimethylamino-
methyl isobutyl ether. This compound was prepared in 25%
yield by the directions of Robinson and Robinson.$ Its
boiling point was 129.5-131.5°, reported b.p. 124-126°.

(B) Reaction with 2-p-cymyl magnesium bromide. The
reaction was carried out with 25.6 g. (0.12 mole) of 2-bromo-
p-cymene, 3.49 g. (0.16 g. atom) of magnesium turnings, and
105 g. (0.08 mole) of the above dimethylaminomethyl iso-
butyl ether according to the general procedure of Stewart
and Hauser4l for the addition of Grignard reagents to a-
amino ethers. A yield of 9.74 g. (64%) of 5-isopropyl-2-
methylbenzyldimethylamine b.p. 108-111° at 10 mm.,

1.4975, was obtained. Redistillation of the product
yielded 7.70 g. (50%), b.p. 108-109.5° at 9.8 mm., n3
1.4978. An infrared spectrum was identical with that of
amine XIb.

A methiodide, prepared from the above amine and methyl
iodide, melted at 190-191° dec. Admixture with a sample
of methiodide XIIb produced no depression of the melting

oint.

P 5-Isopropyl-2-methylbenzyllrimethylammonium  iodide
(X1lb). This quaternary salt was obtained in 98% vyield
from 21.01 g. (0.11 mole) of 5-isopropyl-2-methylbenzyldi-
methylamine (XIb) and 22.72 g. (0.16 mole) of methyl
iodide as described for Ilia. The melting point was 190-191°
dec.

Anal. Calcd. for CKHAN: C, 50.45; H, 7.25; N, 4.20.
Found: C, 50.51; H, 7.25; N, 4.38.

Rearrangement of XIlb to form amine XIlIb. This reac-
tion was effected with 33.3 g. (0.1 mole) of 5-isopropyl-2-
methylbenzyltrimethylammonium iodide (XIIb) and 0.2
mole of sodium amide in 300 ml. of liquid ammonia essen-
tially as described for la. The initial deep blue color changed
rapidly to violet, which persisted.

The neutral fraction, 1.9 g. of dark liquid, yielded no dis-
tillable material.

The basic products were distilled in two fractions: 12.90 g.,
b.p. 121-124° at 9 mm., n25 1.5090; 0.90 g., b.p. 124-126° at
9 mm., nd 1.5098; 1.73 g. of residue left in the pot. The two
distillable fractions were combined as 2,3-dimethyl-6-iso-
propylbenzyldimethylamine (XIIlb), 13.80 g. (68%); the
analytical sample was taken from the first fraction.

Anal. Calcd. for CHH2ZN: C, 80.76; H, 11.99; N, 7.25.
Found: C, 81.02; H, 11.79; N, 7.07.

The picrate, after two recrystallizations from 95% etha-
nol, melted at 152.0-152.5°.

Anal. Calcd. for CZHAN4,: C, 55.29; 1l, 6.03; N, 12.90.
Found: C, 55.40; H, 6.26; N, 13.10.

2,3-Dimethxjl-G-isopropylbenzyltrimethylammonium  iodide.
This salt was prepared in 99% yield from 6.30 g. (0.0307
mole) of 2,3-dimethyl-6-isopropylbenzyldimethylamine
(X11b) and 8.52 g. (0.06 mole) of methyl iodide as described
for Illc. Its melting point was 169-169.5° dec.

Anal. Calcd. for CisH”IN: C, 51.84; II,
Found: C, 51.60; H, 7.78; N, 4.13.

Emde reduction to form 2,3,4-trimethylisopropylbenzene.
This reduction was carried out with 10.00 g. (0.0288 mole)

7.55; N, 4.03.

(41) A T. Stewart, Jr.,
Soc.,77, 1098(1955).

BEARD AND HAUSER

and C. R. Hauser, J. Am. Chem.
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of 2,3-dimethyl-6-isopropylbenzyltrimethylammonium io-
dide and 120 g. of 5% sodium amalgam essentially in ac-
cordance with the Org. Syntheses procedure for the prepara-
tion of hemimellitene.® The product was steam distilled
from the reaction mixture and extracted with ether from
the steam distillate. The dried ether extractions were dis-
tilled yielding 3.08 g. (66%) of 2,3,4-trimethylisopropyl-
benzene, b.p. 95-98° at 8.3-8.6 mm., nD 1.5127. Its infrared
spectrum was very similar to that of 1,2,3,4-tetramethyl-
benzene (prehnitene).

Anal. Calcd. for Cialla: C, 88.82; Il,
88.63; H, 11.16.

4-Melhoxybenzyllrimelhylammonivm bromide (Xc). Anisyl
alcohol (69.0 g., 0.5 mole) was treated with 68 g. (0.25 mole)
of phosphorus tribromide as described for la. The reaction
period was 1 hr. A vyield of 87.3 g. (87%) of 4-methoxy-
benzyl bromide, b.p. 124-126° at 12 mm., lit.,24b.p. 126° at
12 mm., was obtained.

The halide (89 g., 0.44 mole) was treated with excess
trimethylamine in acetonitrile as described for Ic. A yield of
110 g. (96%) of 4-methoxybenzyltrimethylammonium bro-
mide (Xc), m.p. 148.5-149° reported m.p. 146°42 was
obtained.

Rearrangement of Xc to form amine Xlc. To a suspension
of 0.20 mole of sodium amide in 250 ml. of liquid ammonia
was added over a 30-scc. period a solution of 26.0 g. (0.10
mole) of 4-methoxybenzyltrimethylammonium bromide
(Xc) in 150 ml. of liquid ammonia. No color change was
observed. At the end of 5.0 min. a solution of 10.7 g. (0.20
mole) of ammonium chlor.de in liquid ammonia was added
rapidly. The ammonia was replaced by ether and the inor-
ganic salts removed by filtration. Distillation Gelded 16.53

g. (93%) of 5-methoxy-2-methylbenzyldimethylaminc (XIc),
bp 106-108.5° at 7.3 mm., n251.5133.

Anal. Calcd. for C, HnNO C, 73.74; H, 9.49; N, 7.83.
Found: C, 73.58; H, 9.43; N, 7.90.

The picrate, after two recrj'stallizations from ethanol,
melted at 129-129.5°.

Anal. Calcd. for Ci-HZN40a: C, 50.00; H, 4.94; N, 13.72.
Found: C, 50.28; H, 5.14; N, 13.49.

Oxidation of a 1.0 g. sample of Xlc with 3.0 g. of potassium
permanganate in 50 ml. of 0.5JV sodium hydroxide solution
yielded, after one recrystallization from aqueous ethanol,
0.77 g. (83%) of 5-methoxy-2-methylbenzoic acid, m.p.
m.p. 146°, lit.,8m.p. 146°.

Further oxidation of a 0.2 g. sample of the above mono-
acid was accomplished with 0.38 g. of potassium permanga-
nate in the usual manner. There was obtained 0.14 g. of
4-methoxyphthalic acid, m.p. 168.5-169.5°. One recrystal-
lization from a mixture of ethanol and hexane raised the
melting point to 169-170°, lit.,44m.p. 170°.

A small sample of the above diacid was boiled in a test
tube, producing 4-methoxyphthalic anhydride, m.p. 93.5-
94°, lit.,m.p. 93°.

5-Methoixj-2-methxjlbenzxjltrimethylammonixim iodide
(XIlc). This salt was prepared in 99% yield from 15.43 g.
(0.086 mole) of 5-methoxy-2-methylbenzyldimethvlamine
(XlIc) and excess methyl iodide as described for Illc. The
melting point was 166-167°.

Anal. Calcd. for C,HZINO: C, 44.73; H, 6.25; N, 4.35.
Found: C, 44.50; H, 6.34; N 4.34.

Rearrangement of Xllc to form amine Xlllc. The reac-
tion was effected with 27.0 g. (0.0844 mole) of 5-methoxy-
2-methylbenzyldimethylam.ne (XIlc) and 0.10 mole of
sodium amide in 300 ml. of liquid ammonia essentially as
described for la. The initial maroon color did not fade.

Only 0.1 g. of neutral material was obtained.

11.18. Found: C,

(42) J. von Braun, W. Mav, and R. Michaelis, Ann.,
490,189(1931).

(43) O. Jacobsen, Rer., 15, 1964 (1883).

(44) M. Freund and E. Gobel, Ber., 30, 1392 (1897).

(45) C. Schall, Ber., 12, 829 (1879).
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Distillation of the amine fraction yielded 12.63 g. (78%)
of 2,3-dimethyl-6-methoxybenzvldimethylumine (XIlIc),
b.p. 121-123° at 9.5 mm., ra3b 1.5178.

Anal. Calcd. for CIH1XO: C, 74.57; H, 9.91; X, 7.25.
Found: C, 74.93; H, 9.89; N, 7.50.

The methiodide was prepared from 2.0 g. of amine Xlllc
and excess methyl iodide in acetonitrile. When the product
was precipitated gradually by the slow addition of anhy-
drous ether to the hot solution, a yield of 3.38 g. (98%) of
2.3-dimethyl-6-methoxybenz\dtrimethylammonium iodide,
m.p. 167.5-168°, was obtained.

Anal. Calcd. for CIH2AXO: C, 46.58; Il, 6.62; X, 4.18.
Found: C, 46.82; H, 6.48; N, 4.04.

Mild oxidation of a 2.0 g. sample of amine Xlllc was
effected with 5.5 g. of potassium permanganate by the usual
procedure. After one recrystailization from aqueous ethanol,
0.48 g. (25%) of 2,3-dimethyl-0-methoxybenzoic acid, m.p.
1545 -156°, was obtained. A second recrystailization from
ethanol and hexane raised the melting point to 156.5-158°.

Anal. Calcd. for CiollD 3: C, 66.65; Il, 6.71. Found: C,
60.77; H, 6.79.

4-
benzyl chloride (48.3 g., 0.3 mole) was treated with excess
trimethylamine as described for Ic. A yield of 63 g. (96%)
of 4-chlorobenzyltrimethylammonium chloride, m.p. 195-
197°, was obtained. One recrystailization from acetonitrile
and ether raised the melting point to 201.5-202°. This salt
was extremely hygroscopic, so it was converted to its iodide.

The above chloride (17.5 g., 0.0795 mole) was dissolved
in @ minimum amount of hot acetonitrile. A solution of
119 g. (0.0795 mole) of sodium iodide in 300 ml. of hot
acetonitrile was added gradually with stirring. The mixture
was heated to boiling and filtered while hot. Anhydrous
ether (1000 ml.) was added to the cooled filtrate, and the
quaternary iodide was collected on a filter. A yield of 19.3
g (78%) of 4-chlorol>enzyltrimethylummonium iodide
(Xd), m.p. 249.5-250°, was obtained.

Anal. Calcd. for CIHEC1IX: C, 38.54; I, 4.84; X, 4.49.
Found: C, 38.61; H, 4.85; X, 4.51.

Rearrangement of Xd toform amine XId. This reaction was
effected with 21.8 g. (0.070 mole) of 4-chlorobenzyltrimethyl-
ammonium iodide (Xd) and 0.074 mole of sodium amide as
described for Hid (inverse addition). The yield was 7.65 g.
(60%) of 5-chloro-2-methylbenzyldimethylamine (Xld),
b.p. 102-105° at 9.7 mm., 1.5219. Most of the product
(7.45 g., 58%) boiled at. 104-105° at 9.7 mm.

Anal. Calcd. for CIH,,C1X: C, 65.39; H, 7.68; X, 7.63;
Cl, 19.30. Found: C, 65.61; H, 7.74; X, 7.60; Cl, 19.48.

Oxidation of a 2.0 g. sample of amine Xld was accom-
plished by the usual procedure with 6.0 g. of potassium per-
manganate. After one recrystailization from aqueous ethanol
a yield of 1.25 g. (67%) of 5-chloro-2-methylbenzoic acid,
m.p. 165.5-166.5°, lit.,4m.p. 168.5-169.5°, was obtained.

Further oxidation of a 0.2 g. sample of the above mono-
acid was effected in the usual manner with 0.39 g. of potas-
sium permanganate. A yield of 0.18 g. of residue was left
from the ether extractions. After a washing with benzene
the 4-chlorophthalic acid melted at 152 153°, lit.,4 m.p.
150.0-150.5°.

A small sample of the above diacid was boiled in a test
tube, producing 4-chlorophthalic anhydride, m.p. 94.5-

95.5°, lit.,4m.p. 98.5°. ) o
5-  Chloro-2-methylbenzyltrimethylammonium iodide (XI1d).

(46) K. von Auwers and L. Harms, Z. physik. Chem., [A],

143 16(1929).
(47) W. Miersch, Ber., 25, 2116 (1892).
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This salt was prepared in 99% yield from 18.39 g. (0.10
mole) of 5-chloro-2-methylbenzyldimethylamine (XId) and
28.4 ¢. (0.2 mole) of methyl iodide essentially as described
for Illc. The mehing point was 226° dec.

Anal. Calcd. for CnHnCIIX: C, 40.57; Il, 5.27; X, 4.31.
Found: C, 40.64; H, 5.54; X, 4.55.

Rearrangement of XIld toform amine XIIld. This rear-
rangement was earned out with 32 g. (0.0985 mole) of 5-
chloro-2-methylbenzyltrime’hylammonia iodide (X11d) and
0.105 mole of sodium amide as described for the rearrange-
ment of IHd. The reaction period was 6 hr., the green color
of the anion persisting throughout.

The neutral fraction contained 4.0 g. of light yellow
amorphous material.

The amine fraction yielded 151 g. (8%) of O-chloro-2,3-
dimcthyl benzylcimethylamine (XIlId), b.p. 119-121° at
1 min., nf 1.5290.

Anal. Calcd. for CnHBCIX: C, 66.82; Il, 8.10; X, 7.09.
Found: C, 66.92; H, 8.30; X, 7.29.

A picrate, recrystallized once from 95% ethanol, melted
at 176-177°.

Chlorobenzyl.trimethylammonium iodide (Xd). 4-Chloro- Anal. Calcd. for C,HI9C1X,0,: C, 47.81; I, 4.49; X,

13.12. Found: C, 47.92; H, 4.70; X, 13.07.

The ether-insoluble salts exhibited an infrared spectrum
identical with that of the starting quaternary salt with two
additional bands characteristic of the ammonium chloride
known to be present. When this mixture was triturated with
acetonitrile, filtered, and treated with excess ether, a pre-
cipitate of 183 g. (57%) of recovered 5-chloro-2-methyl-
benzyltrimethylammonium iodide (XIld), m.p. 216-218°
dec., was obtained. Admixture with an authentic sample pro-
duced no depression of the melting point.

Mild oxidation of a 1.0 g. sample of amine XIIld with
2.5 g¢. of [wtassium permanganate by the usual procedure
yielded after one recrystailization from aqueous ethanol
0.15 g. (16%) of (>-cliloro-2,3-dimethylbcnzoic acid, m.p.
144.5-145°,

Anal. Calcd. for CHCi02 C, 58.56; H, 4.82. Found:
C, 58.43; H, 4.82.

4-Cyanobenzyltrimethylammonium bromide (Xe). 4-Cyano-
benzyl bromide8(49 g., 0.25 mole) was treated with excess
liquid trimethylamine as described for la. The yield was
62.0 g. (97%) of 4-cyanobenzyltrimethylammonium bro-
mide (Xe), m.p. 235-235.5°.

Anal. Calcd. for CnHIBrX2 C, 51.77; I,
10.98. Found: C, 51.76; H, 5.91; X, 10.89.

Treatment of Xe with sodium amide in liquid ammonia.
4-Cyanobenzyltr:mcthylammonium bromide (Xe) (30.2
g., 0.10 mole) was added quickly to a suspension of 0.102
mole of sodium amide in 300 ml. of liquid ammonia. Through-
out the 3-hr. reaction period the color remained a bright
pea-green. After neutralization with 5.4 g. (0.102 mole)
of ammonium chloride, the ammonia was replaced by
ether. The mixture was filtered. Xo residue remained upon
evaporation of the filtrate.

The ether-insoluble material was extracted with aceto-
nitrile in a Soxhlet extractor. Upon treatment of the extract
with a large excess of ether, 28 g. (93%) of recovered 4-
oyanobenzyltrimethylammonium bromide (Xe), m.p. 229-
231°, was obtained. Admixture with an authentic sample
produced no depression of the melting point.

Durnam, X. C.

(48) Fa-Ki Tcheou, Yu-Tsun Shih, and Ixwan-Liang
Lee, J. Chinese Cliem. Soc., 17, 150 (1950); Chem. Abstr.,
47, 3254" (1953).

5.92; X,
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Isocycloheximide
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Isocycloheximu.e has been shown to be a stereoisomer of cycloheximide.

Increasing interest in antibiotics as potential
anti-tumor and pesticidal agents has resulted in
the discovery of a number of new cycloheximide
analogues and isomers.1-5

During the work-up of pooled mother liquors
from the crystallization of cycloheximides a com-
pound with a sharp melting point lower than that
of cycloheximide was isolated. The empirical for-
mula, CisH2NO4 was the same as that of cyclohex-
imide and the infrared absorption spectrum was al-
most identical with that of cycloheximide. Although
the new substance was apparently closely related to
cycloheximide, the fact that they were different was
confirmed by the preparation of an acetate from
the new compound which was shown to differ from
cycloheximide acetate. Since cycloheximide has
four centers of asymmetry it was suspected that the
new compound was a stereo-isomer and it was pro-
visionally named isocycloheximide.

Isocycloheximide was found to have about 30
per cent of the activity of cycloheximide by
Saccharomyces pastorianus bioassayz and about
30 per cent of the toxicity when determined
intravenously in mice.s

Proof that isocycloheximide was stereoisomeric
with cycloheximide and some indication of the
centers involved were obtained as follows. When
cycloheximide was chromatographed on acetic
acid-deactivated alumina, a small amount of
isocycloheximide was formed. Shaking cyclohex-
imide with acid-deactivated alumina also pro-
duced isocycloheximide. The separation of isocyclo-
heximide from cycloheximide proved to be difficult
and hence the product was identified as the acetate.

Dehydration of both cycloheximide (I) and iso-
cycloheximide (1) by treatment with pyridine
hydrochloride gave the same anhydrocycloliex-
imidedb (1) indicating that isocycloheximide and

(1) T. Okuda, M. Suzuki, Y. Egawa, and Iv. Astimo,
Chem. and Pharm. Bull. (Japan), 6, 328 (1958).

(2) K. V. Rao and W. P. Cullen, 134th Meeting ACS,
Chicago, 111, September 1958.

(3) A J. Lemin, G. A Boyack, W. C. Haskett, M. F.
Murray, W. T. Sokolski, A. Steinhards, and G. Swank,
132nd Meeting, ACS, New York, N. Y., September 1957.

(4) R. Paul, Bull. Soc. Chim. France, 1S16 (1955).

(5) R. R. Herr, Gth Ann. Symposium on Antibiotics,
Washington, D. C., October 1958.

(6) () J. H. Ford and B. E. Leach, J. Am. Chem. Soe.,
70, 1223 (1948). (b) E. C. Ivornfeld, R. G. Jones, and T.
V. Parke, J. Am. Chem. Soc., 71, 150 (1949).

(7) AJ. Whiffen,./. Bad., 56, 253 (1948)

(8) O.F. Swoap, unpublished data.

cycloheximide have the same glutarimide and cy-
clohexanone structures.

Further evidence for the arrangement of carbons
and the ketonic oxygen was afforded by bromination
experiments. Bromination of cycloheximide with
one molar equivalent of bromine followed by spon-
taneous dehydrobrommation and dehydration led
to the production of a phenol (II).

Bromination-dehydrobromination of isocyclo-
heximide gave the same phenol, which on hydroly-
sis gave the glutaric acid (IV).

The secondary hydroxyl group is not involved
in the isomerization of cycloheximide to isocy-
cloheximide. This is shown by the fact that the
isomerization of dehydrocycloheximidet (V) gives
the same product, isodehydrocycloheximide, that
is obtained by the oxidation of isocycloheximide
with chromic acid.

Rigorous proof of the stereochemical relation-
ship between isocycloheximide and cycloheximide
is lacking. However, since carbon-4 is distant from
activating centers, it appears that this center
retains its configuratione during the isomerizations.

(9)  The absolute configuration at carbon-4 is known: C.

Djerassi, E. J. Eisenbraun, and J. Osiecke, J. Am. Chem.
Soc., 80, 1261(1958).
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Further since two isomeric dehydrocycloheximides
can be obtained, at least one of the remaining
asymmetric centers (2 or 6) must be inverted.
Since the same anhydrocycloheximide is obtained
from both isomers, it is possible that the only center
involved in the isomerizations is at carbon 6.
This provisional hypothesis leads to configurations
A and B for cycloheximide and isocycloheximide,
isomerization being from 26-trans to 2,6-cis
systems.
R

ch3
B

ch3
A

A somewhat similar change in the configuration
of the 19-methyl group in the ketone obtained by
the oxidation of taraxastene is known. This epi-
merization was also carried out by alumina treat-
ment of the ketone.D

EXPERIMENTAL

Isocycloheximide. (a) From the mother liquors from cyclo-
heximide crystallizations. The mother liquors from several
batch crystallizations of cj'cloheximide (a total of 30 1 of
amyl acetate solution) which had been allowed to stand at
5-10° for up to 18 months were evaporated under reduced
pressure. Water was added to the resulting brown sticky
mass and the residual amyl acetate removed by vacuum dis-
tillation as the water azeotrope. The aqueous concentrate
was extracted with chloroform and the extract was treated
with 3 kg. of carbon to effect a partial decolorization. The
decolorized solution was concentrated under reduced pres-
sure to a thick sirup and 25 1 of isopropanol was added.
Most of the remaining chloroform was removed by concen-
trating the solution under vacuum to a volume of 20 1
After three months of storage at 5-10° the solution gave
1218 g. of crude isocycloheximide, m.p. 100- 102°, [a]23
+36° (c = 10, CHOH).

Anal. Calcd. for CEHZNO4: C, 64.02; H, 8.24. Found: C,
64.06; H, 8.04.

An infrared absorption spectrum in chloroform solution
was found to have functional group bands identical with
those of cycloheximide but there were slight differences in
the low cm.-1 regions.

Chromatography of 5.0 g. of the crude isocycloheximide
on a mixture of 50 g. of activated carbon (Darco G-60) and
50 g. of kieselguhr (Celite 545) and elution with acetone-
water mixtures gave the following solid fractions: with 1.2
1 of 30% acetone-water, 161 g., m.p. 75-83°, [a]2 +29.5°
(c = 10, cHson), with 400 cc. of 40% ucctone-w'ater,
043 g, m.p. 74-85° [a]25 +32° (¢ = 1.0 cH3oH), with
400 cc. of 80% acetone-water, 0.72 g. m.p. 95-99°, [a]DB
+32° (c= 10,cH30H).

Recrystallization of the highest melting fraction gave
isocycloheximide identical with the sample obtained by
recrystallizating the crude preparation.

A 200-tube counter-current distribution of the crude prod-
uct using a two phase system consisting of benzene (10 parts),
methanol (5 parts), and water (1 part) gave only one peak
consisting of isocycloheximide identical with the sample ob-
tained by recrystallizing the crude product.

(b) By isomerizing cycloheximide using deactivated alumina.
Alumina, (Brockman Grade 1, Fisher Scientific Company,

(10) T. R. Ames, J. L. Beton, A Bowers, T. (I. Halsall,
and E. R. H. Jones, J. (‘hem. Soc., 1907 (1954).
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80-200 mesh, 457 g.) was deactivated by suspending in
600 cc. of dry benzene, adding 27.42 cc. of 10% acetic acid
and shaking the mixture for 15 hr. Cycloheximide (20 g.)
was then added and the mixture shaken. At intervals of
1 hr., about 20 g. of the alumina was removed, filtered, and
the solid extracted with 50 cc. of chloroform. Evaporation of
the chloroform left a white solid the specific rotation of
which was measured (cH3o w). After 6.5 hr. shaking at room
temperature the sample melted at 77-84°, and the rotation
had reached a maximum of [a)B +26° (cH3oH), (70%
conversion as calculated from the rotation).

The isomerizaticn product was identified by a counter-
current distribution of 2.75 g. of the isomerization mixture
between benzene (10 parts), methanol (5 parts), and water
(1 part) using ten funnels each containing 200 cc. of each
phase. Funnel 8 contained 0.62 g. of impure isocyclohexi-
mide, m.p. 87-93° identified by a comparison of its infrared
absorption spectrum with that of the authentic isocyclo-
heximide. Funnel 7 contained 0.49 g. of solid, m.p. 83-90°,
which on acetylation (acetic anhydride-pyridine) gave iso-
cycloheximide acetate, m.p. 156-159° [a]?b +51° (¢ =
I. 0 CH3H). A mixture melting point with isocyclohexi-
mide acetate prepared from authentic isocycloheximide was
not depressed. The infrared absorption spectra of the two
samples were identical.

Anal. Calcd. for CnH+NOs: C, 63.15; H, 7.79; N, 4.33.
Found: C, 62.94; H, 7.80; N, 4.43.

Dehydration of cycloheximide and isocycloheximide. A solu-
tion of 28 g. of cycloheximide in 100 cc. of pyridine contain-
ing 20 cc. of concentrated hydrochloric acid was refluxed for
7 hr. Addition of water (100 cc.) and cooling gave a white
crystalline precipitate, m.p. 132-133° (27.5 g.) undepressed
on admixture with anhydrocycloheximide, and having an
infrared absorption spectrum identical with that of anhydro-
cycloheximide.t

A similar reaction using isocycloheximide gave the same
product identified by melting point, mixture melting point,
and infrared absorption spectra comparisons.

3-[2-{2-Hydroxy-3,5-xylyl) ethylJ glutarimide. To a solu-
tion of 25 g. of cycloheximide in 500 cc. of chloroform was
added a solution o: 15 g. of bromine in 150 cc. of chloroform.
The mixture was allowed to stand at room temperature until
colorless, and then washed writh 1% pyridine solution, 5%
hydrochloric acid, and with water until the washings were
neutral. Evaporation of the solvent under reduced pressure
gave 22.3 g. of a brown oil which crystallized from ether,
m. p. 148-155°.

Anal. Calcd. for C"Eh.NOg: C, 69.0: H, 7.38; N, 5.37.
Found: C, 69.19; H, 7.25; N, 5.29.

This product contained traces of bromine. However, on
refluxing 5.0 g. of the solid with 25 cc. of 7-collidine for 1
hr. and work up by dilution with water, extraction with
chloroform, washing the chloroform with dilute hydrochloric
acid and with water, followed by removal of the solvent,
3.63 g. of the product, 3-[2-(2-hydroxy-3,5-xylyl)ethyl]-
glutarimide, m.p. 153-157° was obtained. This sample was
bromine free. ltecrjAtallization from methanol gave the
analytical sample, m.p. 155-157° [«]n5 +0° (¢ = 10
CH30H).

Anal. Calcd. for C+HINO3: C, 69.0; H, 7.38; N, 5.37.
Found: C, 69.28; H, 7.52; N, 5.38.

The ultraviolet absorption spectrum had a maximum at
278 mix, e = 2050, and the compound was freely soluble in
dilute sodium hydroxide solution.

Bromination of isocycloheximide. Bromination of 1.0 g.
of isocycloheximide in 20 cc. of chloroform using 0.57 g. of
bromine in 5.7 cc. of chloroform and working up as described
for the bromination of cycloheximide gave 3-[2-(2-hydroxy-
3,5-xylyl)ethyl Iglutarimide m.p. 155-158°, undepressed on
admixture with the sample obtained from cycloheximide.

Anal. Calcd. for CiJInNOj: C, 69.0; If, 7.38; N, 5.37.
Found: C, 69.03; H, 7.00: N, 5.43.

3-\2-(2-Hydroxy-3,5,-xylyl)ethyl]glutaric acid. A solution
of 10 g. of 3-[2-(2-hydroxy-3,5-xylyl)ethvl Iglutarimide in
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20 cc. of 1090 aqueous potassium hydroxide solution was
refluxed for 1 hr. Cooling, addition of water, and extraction
with ether removed neutral products. Acidification of the
aqueous solution, extraction with ether and washing the
ether with water until the washings were neutral and evap-
oration of the solvent gave 3-[2-(2-hydro.xy-3,5-xylyl)ethylj-
glutaric acid, m.p. 131-132.5°.

Anal. Caled. for CisHnOs: C, 04.3; H, 7.55. Found: C,
04.25; 11, 7.50.

Dehydroisocycloheximide. (a) From isocycloheximide. A
solution of 1.0 g. of isocycloheximide in 2Ccc. of acetone was
oxidized by the addition of a chromic acid-sulfuric acid
mixture.11 When the mixture retained a brown color for 5
min., 20 cc. of water was added. The mixture was extracted
with ether, the ether solution washed with water until the
washings were neutral and the extract dried over anhydrous
sodium sulfate. Distillation of the solvent and crystalli-
zation of the oily residue from aqueous acetone gave 0.81 g.
of dehydroisocycloheximide, m.p. 152-154°, [a])? —20°
(c = LOCH,OH).

Anal. Caled. for CiJDiNt);: C, (34.40; Il, 7.58; N, 5.05.
Found: C, 04.07; Il, 7.30; N, 5.05.

(11) R. Curtis, J. Chem. Soc., 401 (1953).
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When a solution of dehydroisocycloheximide in aqueous
acetone was added to an excess of aqueous copper acetate
a green precipitate of the copper complex formed immedi-
ately.

(b) From dehydrocycloheximide. To a solution of 1 g. of
dehydrocycloheximide® in 20 cc. of pyridine was added G
cc. of concentrated hydrochloric acid and the mixture was
refluxed for 3 hr. Addition of 20 cc. of water to the hot solu-
tion followed by cooling gave 0.9 g. of dehydroisocyclo-
heximide, m.p. 151-154°, [a]” —23° (¢ = 1.0 CHjOH)
identified by a mixture melting point (undepressed) and
by comparison of the appropriate infrared absorption
spectra.

Anal. Caled. for C*H”NOi: N, 5.05. Found: N, 4.99.
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Cyclic and Acyclic Amides of cts-/3-(jt>-Bromobenzoyl)-)3-methylacrylic Acid
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Received September 9, 11)51)

Assigned structures of cyclic and acyclic «s-/3-bromobenzoyl-/3-rnethylacrylic “amides” 114V, of the cyclic pseudo “acid
chloride” V, and of the cyclic and acyclic esters VII-VIII, have been confirmed by ultraviolet and infrared absorption
studies. The 7-hydroxylactams show relative pK,,' values of 11.7-11.8, the cis acid (the y-hydroxviactonc, Xa) 6.4, the
trails acid 4.4, and the 7-anilinolaetone llia 8.4. The anions of the 7-hydroxylactams are cyclic X111 whereas the anions of
the acid Xla and the 7-anilinolactone XVI are acyclic. Diazomethane converts the 7-anilinolactone to the acyclic (cis) anil-
ester XVIII. The cyclic pseudo acid chloride is shown to undergo attack at the chloride group by alcohol and by aromatic

amines, but reacts at the lactone carbonyl group with the more basic aliphatic secondary amines.

This paper elaborates upon earlier studies45 of
ring-chain tautomcrism of cfs-j8-(p-bromobeiizoyl)-
/3-methylacrylic acid (Xa), its “acid chloride”
which is believed to have the y-chlorolactone
structure V, and its three types of “amides,”5
the acyclic (normal or true) amides 11, the y-
aminolactones 111, and the 7-hydroxylactams
Iv. Examples of all three of the “amide” types

(1) This work was supported in considerable part by a
contract with the office of Ordnance Research, U. S. Army,
and in part by a research grant from the National Science
Foundation.

(2) (a) Present address: University of Georgia, Athens,
Ga. (bf This paper is based on a dissertation by G.T.C.,
University of Virginia, 1958. (c) The work was reported at
the Atlantic City A.C.S. Meeting, September 1959, abstr.
p. 14p. {(‘{. also ref. 3.)

(3) IL E. Lutz and C. T. Clark../, Ory. Chem., in press.

(4) (a) R. E. Lutz, P. S. Bailey, C-K. Dien, and J. W.
Rinker, J. Am. (‘hem. Sor.. 75, 5039 (1953), and references
cited therein: (b) J. W. Rinker, Dissertation, University of
Virginia, 1955.

(5) (@) R. E. Lutz and F. B. Hill, J. Ory. Chem., 6, 175
(1940); (b) F. B. Hill, Dissertation, University of Virginia,
1940: (c) See references cited in (a) and (b). (d) Cf. also
polarographic studies by S. Wawzonek, If. A Laitinen, and
S. J. Ixwiatkowski, ./. .im. Chem. Soc., 66, 827 (1944).

had been obtained by reactions between ammonia
or amines and the “acid chloride” V. Ammonia
and mcthylamine produced 7-hydroxylactams 1Va
and IVb; aniline and methylaniline gave y-
aminolactones Ilia and Illb; and dimethvlamine
gave the normal (true) cis amide Ila. Stereo-
isomerization by irradiation of the trans tertiary
amides, the dimethylamide (Id) and the methyl-
anilide (le), gave the normal cis amides (lla and
lib), but the trans primary amide (la) and two
trans secondary amides (the methylamidc Ib and
the anilide Ic) went beyond stereoisomerization
with subsequent cyclization to the y-hydroxylac-
tarns IVa-c.

The cyclic structure for the acid chloride V had
been assigned because of the low rate of alcoholysis
and hydrolysis,6and because the ester produced by
alcoholysis was cyclic (VII). However, this is not
sound evidence because the rate of alcoholysis of
an acyl chloride group in an acyclic structure of
type VI would depend on the steric hindrance in-
volved in this configuration and on its concentra-

(® R E. Lutz find R. .1 Ta-vler, ./. Am. Chem. Soc., 55,
1IftS(1<)33).
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tion if in equilibrium with the cyclic form V, and
because of the possibility of a 1,4 reaction mecha-
nism involving a contributing chelate resonance
form or transition as indicated in V1.7

CeH4aBr
CH3—C— ¢
&)*
Hme— C &

VI

The ultraviolet absorption spectrum of the acid
chloride in isooctane, or immediately upon solution
in methanol before elapse of sufficient time for alco-
holysis to occur, showed no p-bromobenzoyl type
band in the 260-265 mp region, and this result con-
firms the postulated cyclic structure V and ex-
cludes VI1.@Infrared absorption of the acid chloride

(7) 1t has been reported that acyclic and cyclic o-benzoyl-
benzoyl chlorides exist and undergo alcoholysis to the acyclic
and cyclic esters respectively.8

(8) H. Meyer, Monalsh, 25, 475 (1904); 28, 1211, 1231

1907).

( (9))It is assumed that chelation of the type illustrated in
VI (2 —3) would not seriously alter the absorption char-
acteristics of the two carbonyl groups (rf. ref. 10, 11).
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in chloroform solution or in the solid state showed a
doublet peak ai 5.55-5.64 juwhich, although much
like that of a conjugated true acid chloride group,
must be due rather to the lactone ring carbonyl of
the cyclic form V because of the absence of a promi-
nent absorption band at ca. 6.00 p characteristic of
the aroyl carbonyl group which would necessarily
be present in the acyclic form VI (cf. ref. 12).
Actually there is a moderately strong 6.04 p band
in this and in spectra of other compounds in this
series including Ilia and Illb which have no bro-
mobenzoyl groups, and it is attributed to the conju-
gated propylene double bond. Identity of the in-
frared absorption spectra of the acid chloride in
chloroform solution and in the solid state shows that
the amount of acyclic form in equilibrium in solu-
tion, if any at all, is negligible in amount.

It has been shown previously that the *“acid
chloride” reacts slowly with alcohol.6 The ultra-
violet absorptivity observed immediately upon
solution in ethanol must therefore truly represent
the “acid chloride” and not the cyclic ester which

(10) R. E. Lutz and C-K. Dien, J. Org. Chem., 23, 1861
(see p. 1866) (1958).

(11) R. E. Lutz ind M. G. Reese, J. Am. Chem. Soc.,
81, 127(1959).

(12) L. J. Bellamy, The Infrared Spectra of Complex Mole-
cules, John Wiley and Sons, Inc.., New York, 1958.
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is ultimately produced from it. This absorptivity,
which initially is small in the region characteristic
of the aroyl group (e 5,100 at 255 mp), slowly
changes and becomes constant within an hour at a
somewhat lower level (e 2,000) close to that of the
cyclic ester VII and strikingly different from that
of the acyclic ester V111 which absorbs strongly at
ca. 208 mp. In a separate experiment under slightly
acidic conditions such as would develop during al-
coholysis of the acid chloride, the normal ester V111
was shown, by retention of the characteristic ultra-
violet absorption of the solution, to be stable and
therefore not to be intermediate in the reaction.
Thus, it can be said that the “acid chloride” and its
alcoholysis product are both cyclic, and that alco-
holysis occurs by direct attack at the -y-chloride
link (cf. ref. 7), presumably by an ionization mech-
anism.

CH®Br CaH4Br
cH—c—&—ocl, ch3—c—c'=<)
1 Xo
H—d—c==0 H—C—COOCIh

Vil Vil

Ultraviolet and infrared absorption determina-
tions confirm the structures previously assigned to
the “amides” 11-1V on classical chemical grounds.
The acyclic types | and Il are characterizable by
strong 260-265 mp absorption bancs which are due
to the aroyl groups necessarily present (cf. refs. 13-
18), and by overlapping infrared absorption bands
at ca. 5.9-6.0 p due respectively to amide and aroyl
type carbonyl groups (cf. ref. 19). The two cyclic
types of “amides,” the y-aminolactones and y-
hydroxylactams 111 and IV, would show no strong
aroyl type ultraviolet absorption and would give
rise each to only a single infrared absorption band
of ca. 5.7 or 5.9 p respectively.

Specifically the y-hydroxylactams 1Va-c, which
were obtained by the action of ammonia and
methylamine on the cis “acid chloride” A, by am-
monolysis of the cis esters VII and VIII, and by
stereoisomerization of the trans anilide, showed no
aroyl type ultraviolet absorption at 260-265 mp as
would be required of acyclic compounds of type

(13) A. Hantzsch and A. Schviete, Rer., 49, 213 (1916).

(14) Buu-Hoi and P. Cagniant. Compt. rend., 212, 268
(1941).

(15) T. Y. Shen and M. C. Whiting, ,/. Chem. Soc., 1772
(1950).

(16) M. S. Newman and C. W. Muth, J. Am. Chem. Soc.,
73,4627(1951).

(17) R. E. Lutz and R. J. Taylor, J. Am. Chem. Soc., 55,
1593(1933).

(18) C. L. Browne and R. E. Lutz, J. Orij. Chem., 18,
1638(1953).

(19) J. F. Grove and A. A Willis, J. Chem. Soc., 877,
883(1951).

(20) In all of the aniline compounds the aniline type
absorptivity at 235-240 mu"lis of course superimposed
upon those of the systems being given primary consideration
here.
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I1.D They showed in each case a strong infrared
band at 5.8-5.9 p characterizing the lactam carbonyl
group, and a strong 3.0 p hydroxylic absorption
band.

The hydroxyl groups of the y-hydroxylactams
IV, and the N-II group of the y-anilinolactone
Ilia, are significantly though weakly acidic, as is
shown by their alkali solubility.52 Putting this to
test quantitatively, relative pK/ values in 50%
ethanol were determined for two of the y-hydrox-
lyactams, 1Va and I\Vb, for the related largely-cyclic
cis acid Xa, and for the trans acid 1Xa. The trans
acid showed the relative pK/ 4.4, the largely cyclic
cis acid Xa, 6.4, and the y-hydroxylactams IVa and
IVb, 11.8 and 11.7 respectively. The cis a,/1-di-
methyl acid Xc,2 which according to absorption
spectrum appears to be much closer to completely
cyclic at high dilution, showed pTy/ 8.7.

CH,—C—COCelhBr CJLBr
R—C—C—Oil
ROCO—C—H \
IXa R =1l 0
b. R = CH3 R'C_C
\
0
Xa R =CH3R' =1l
b.R = H R'=CIl3
c.R = R' = CHj

The anions of the cis acids Xa,4Xb,4and XcZin
solution are shown actually to be acyclic as formu-
lated in X1, by the intense ultraviolet conjugated-
aroyl type absorption at ca. 260 nip of strongly
basic solutions of these compounds. In one case, Xa,
this was demonstrated also in the solid state byr us-
ing the crystalline sodium salt which gave strong
overlapping infrared acid and aroyl type carbonyl
bands at 5.8-6.0 p and no lactone type carbonyl ab-
sorption at ca. 5.75 p. On the other hand the acids
themselves in the solid state (Xa, Xb, and Xc) are
completely cyclic as shown by their strong single
infrared carbonyl absorption bands at ca. 5.75 p
which characterize the lactone carbonyl group, and
by the sharp and intense hydroxyl absorptions at ca.
3.0-3.1 p which are at a somewhat longer wave
length than for an ordinary and less acidic alco-
holic hydroxy! (the free carboxyl group would not
absorb sharply at this point1).

CfLLBr CH3COCEH4Br
|
R—C—C=() clL—C cooll
0 X1
oy
R'—C—C
\
0_
Xl a R =CH3R' =H
b.R = H;R' = CH3

(21) R. A Friedel and M. Orchin, Ultraviolet Spectra of
Aromatic Compounds, John Wiley and Sons, Inc., New York,
1951.

(22) Cf. also S. Racine, Ann., 239, 78 (1887).

(23) R. E. Lutz and M. Couper, J. Org. Chem., 6, 77
(1941
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It should be noted here that the a-methylene
isomer of the acid Xb, namely XII, is shown to be
completely acyclic in the solid state, as it is in
solution,4by its lack of hydroxylic infrared absorp-
tion band at ca. 3.0 m by its carboxylic type absorp-
tion in the 3.25-3.86 n region and by the strong bi-
furcated peak at 5.79-5.84 /i which represents over-
lapping aroyl and carboxyl carbonyl absorptions.

The existence of the y-hydroxylactam, appar-
ently completely in the cyclic form 1V even at high
dilution (5 X 10-5 M), is in contrast with the in-
complete cyclization at comparable dilution in the
case of the more acidic 7-hydroxylactone-efs-acid
equilibrium (X) ; in view of the relative pKJ of 6.4
some observable degree of ionization would be ex-
pected. This difference, both in relative stabilities of
the cyclic anions and in the facility of cyclization,
was predicted from the greater basicity of nitrogen
as compared with oxygen.

The three 7-hydroxylactams (IVVa-c) when dis-
solved in O.IV 50% ethanolic-sodium hydroxide
showed no significant change in ultraviolet absorp-
tion and there developed no band at 260-265 nvi.
Thus, the anions of these compounds are in the cy-
clic forms X111 and are less active than the normal
carbamide (acyclic) anions which are not formed
to any observable extent. This is in sharp contrast
with the cis acid Xa which gives the relatively sta-
ble acyclic and true carboxylic type anion Xla.4

CJRBr
[ XlllaR=H
CH—C—C—0— )R = OH,
|\ c. R = Celh,
i N-R

The postulated6 acyclic structure of the cis di-
methylamide Ha, the product of condensation of
the cyclic acid chloride V with the secondary amine
dimethylamine, which is also obtained by stereo-
isomerization of the necessarily acyclic trans dimeth-
ylamide 1d, is confirmed by the strong ultraviolet
absorptivity at 260 m/i which could result only from
this form, and by the strong infrared absorptivity
at 6.02 n which is presumed to arise from the simi-
larly absorbing keto and amide carbonyl groups.
Four other secondary aliphatic amines also pro-
duced similarly absorbing acyclic amides, llc-f.

The 7-aminolactones Ilia and Illb obtained by
the consistently different reactions of V with the
weaker bases, aniline and methylaniline,5 are dis-
tinguished from the only alternative 11 by the lack
of aroyl type ultraviolet and infrared absorptions
at ca. 260 m/i and 6.0 /i respectively, and by the
single infrared absorption band for each at ca. 5.7 /i
which denotes the lactone carbonyl.

The acyclic cis methylanilide lib made by irra-
diation of the necessarily acyclic trans methylanilide
le shows the characteristic aroyl ultraviolet and
infrared absorptivities as strong bands at 265 m/i
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and 6.0 /i, the latter a superposition of carbamido-
and ethylenic bands. There is no indication of a
shorter wave length ring-carbonyl band at ca. 5.7 ju
These absorptivities are a repetition of those of the
trans anilide and trans methylanilide, Ic and le, the
structures of which are certain.

The structure of the V-phenyl-y-liydroxylactam
IVc,.5made from the trans anilide Ic under irradia-
tion or acid catalysis, presumably by conversion
to and subsequent cyclization of the as yet unknown
labile cis (acyclic) anilide of type I, is now con-
firmed by the lack of aroyl type ultraviolet absorp-
tivity at ca. 260 nifi, and by the lone infrared lac-
tone-type carbonyl band at 5.78 /i.

To the earlier mechanistic postulates for the re-
action by which some of the “amides” I-1V are
formed from the cyclic acid chloride V,624 may be
added the suggestion that possibly two mechanisms
are involved, depending on whether the attacking
amine is moderately basic (aliphatic) or weakly
basic (aromatic). The active aliphatic amines may
well be attacking the lactone carboityl whose ac-
tivity is enhanced by the 7-chlorine, with explusion
of the chloride ion (SN2 or in classical terminology,
a 1,4-reaction as numbered in V), followed by re-
lease of a proton from nitrogen. The less active aryl
amines on the other hand, may not be sufficiently
basic to initiate this mode of attack, but may be at-
tracted rather to the readily ionizing quaternary 7-
carbon in an SNi mechanism. Rate studies are in
progress to test these ideas.

It is noteworthy that the one 7-aminolactone
obtained which carries an N-H group, the anilino
compound XIV (llia), was shown to be quite acidic
in that it formed a sodium salt with sodium hy-
droxide and was regenerated upon acidification.6
In 50% ethanol the compound shows an ultraviolet
absorptivity of e 21,000 at its maximum at 235 m/i
and falling thiough €5,000 at 262.5 m/i which is the
position of the maximum for the acyclic anion XVI
(shown below) and for the acyclic anil ester XVIII.
Acidification of the 5 X 10-5 M solution to 0.LV
in hydrochloric acid did not alter the absorption
curve nor significantly increase the absorptivity at
262.5 m/i as it would have done if there had been
an appreciable (and suppressible) equilibrium con-
centration of the acyclic anil form XV or XVI.
The compound is thus shown in highly dilute solu-
tion to be chiefly in the 7-anilinolactone form XIV.
Infrared analyses in 10% chloroform solution and
in potassium bromide pellet consistently show the
characteristic absorptivity for the lactone carbonyl
and absence of the conjugated carbonyl and anilide
group absorptions. There was no observable spec-
tral indication of basic reaction in the sense of con-
version into a cation of the anil type XVII in mod-

(24) It is possible, though seemingly unlikely here, that
there occurs an actual completed rearrangement step from
the cyclic V to a more active acyclic form of the chloride VI
which then reacts in the two ways suggested (above).
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erately acidic solution as doubtless must happen to
some small extent under very strongly acid condi-
tions (e.g. during oxindole formation3.

CHABr 0Hs CH®Br
|
CH3—C—CS1— N2l GIB—C—C=N CeH5
VO)\'\IH--—- I «
- /i /1l
H—U— C ll——c
Vv
3 OH
XIvV \);V
OH \ L * By
céHar ' CeHBr GcH,
I
ch3—<c—{=ncthb oil 0o (* N
0 1> O H
/' — /'
H—C—& -C
0- OH
XVI XVII
CHZ“ZT 9596 oI
CEHBr
| CtHBr ClJk
CHa—O—C=NC&6 1
ClI3—C—C =N
0
I / I
H—C-----C HOCO-  -H
OCHs XIX
XVIII
HOI, CHsCOOH, (heated) j
IXb IXa

The development of an intense ultraviolet ab-
sorption maximum at 202.5 m/i when the 5 X
10-5 M 50% ethanol solution is made 0.2IV in
sodium hydroxide (e 23,850 which is only slightly
above the value at 0.11V) shows that ionization is
essentially complete under these conditions and
that the ion is in the anil or Schiff base form XVI.
The disappearance of this absorption band upon
neutralization or acidification to 0.1W in hydro-
chloric acid, and reversion to an absorption pattern
exactly the same as that initially, show complete
regeneration of the 7-anilinolactone XI1V. The rela-
tively high order of the acid strength of the 7-
anilinolaetone is evident from the further fact that
at 5 X 10- 5M, 1.7 equivalents of sodium hydroxide
cause formation of approximately 70% of the anion,
a percentage estimated from the increase in absorp-
tivity at 262.5 m/x toward the maximum evalue for
the anion determined in the presence of a large
concentration of base where dissociation must lie
essentially complete. In a futher and quantitative
test the 7-anilinolactone was shown to have a rela-
tive pKa' of 8.4 which is close to that of the largely
cyclic  |8-bromobenzoyl-a,/3-dimethylacrylic  acid
(Xc). This acidity, like that of Xc, is accounted for
in terms of the ability readily to lose the proton from
the nitrogen and thus to give directly the relatively
stable carboxylate type anion.
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It has been pointed out earliersa that the 7-
anilinolactone X1V undergoes hydrolytic and alco-
holytic elimination of aniline and stereoinversion to
the trans acid (or ester) 1X under strongly acidic
conditions, and that it behaves quite differently
from the y-methylanilino analog I11b which is rear-
ranged under these conditions to the /3-bromophen-
acyloxindole.3This hydrolysis or alcoholysis of X1V
does not involve either the cis acid Xa, the cis cy-
clic or acyclic ester V11 or V111, or the cis or trans
anilides I\Vc or Ic, all of which are known and either
are stable or react differently under the same con-
ditions.6 With the information now available it is
possible to explain these results. Simple hydrolytic
or alcoholytic elimination of methylaniline from
I11b is undoubtedly impeded seriously by the steric
hindrance to which the W-methyl group contributes
very materially, and the slow and somewhat diffi-
cult rearrangement to the oxindole3is thus allowed
to compete successfully. Without the W-methyl
group, the anilino group of the parent 7-anilinolac-
tone XIV is hydrolytically or alcoholytically
eliminated much more easily, probably by the fol-
lowing steps illustrating hydrolysis (alcoholysis
would be similar but would involve acid-ester equili-
bration at the several points): concerted protona-
tion at the lactone bridge or carbonyl oxygen and
ring opening to the protonated anil-onium ion, XIV
-* XVII; stereoisomerization to the trans anil
X1X; and subsequent but not prior hydrolysis of the
anil group to the ketone, IX. The point at which
the steric effect of the N-methyl in the 7-methyl-
anilinolactone 111b must operate to block this re-
action course, presumably is the step involving
formation of the W-methyl analog of XVII where
the necessary approach to planarity of the W-meth-
ylanilonium system would face considerable, per-
haps prohibitive, steric interference. The steric in-
terference involved in the anilino compound itself at
XV or XVII, even though not prohibitive, obvi-
ously would greatly increase the lability of the cis
configuration and would reasonably account for
the facile stereoinversion under the strongly acidic
conditions which are without effect on the labile,
but evidently less labile, cis acid or its ester (Xa or
VII).

The 7-anilinolactone XIV, consistent with and
supporting the formulations X1V and XVI and the
possibility of equilibrations involving the acyclic
anil forms XV and XVII, reacted albeit somewhat
slowly with diazomethane to give the expected acy-
clic methyl ester which must have the fixed anil
structure XV 11 (it is isomeric with the 7-methoxy-
V-phenyllactam obtained by acid-catalyzed methyl-
ation of the hydroxylactam IVc, and it is isomeric
with the y-methylanilinolactone Illb). Its struc-
ture was shown by basic hydrolysis to the original
7-anilinolactone XIV, by the acid-catalyzed con-
figurational inversion with hydrolytic elimination
of aniline to give the trans ester 1Xb, by the intense
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ultraviolet absorption maximum of 2625 rap, e
23,500, and by the infrared absorptions at 5.81 and
6.06 /i which represent ester and anil groups respec-
tively. The diazomethylation reaction may involve
a concerted (1,4) mechanism (XIV), prior removal
of the proton of X1V, or possibly actual tautomeri-
zation through XV. This problem is being explored
further.

EXPERIMENTAL2

cis-fi-(p-Firomobenzoyl)-I13-methylacrylyl piperidide and
morpholinide, lie and lid, were made by addition to an 80-
ml. sodium-dried dioxane solution of 0.1 mol. of the acid
chloride Vs at 50°, 0.2 mol. of piperidine or morpholine,
under stirring; it was then allowed to stand at this temper-
ature for 1 hr. The mixture containing the precipitated
amine hydrochloride was cooled and treated with excess
water, and the precipitated amide was filtered, washed, dried,
and recrystallized. The pyrrolidide and dibenzylamide were
similarly prepared but by working entirely at room tem-
perature. The dimelhylamides was also obtained working at
10° using 100 ml. of dry benzene saturated with dimethyl-
amine, adding V, allowing the mixture to warm to room
temperature, filtering, evaporating, and treating the resi-
due with petroleum hexane. Repetition of the preparation of
the 7-anilinolactone Ilia6 was less successful (yield 70%),
and hydrolysis by an acetic-concentrated hydrochloric acid
mixture to purified 1Xa was only 27%.

Sodium f}-(p-biomobenzoyl)-i3-methylacrylate was prepared
by mixing 2.9 g. of Xa with 80 ml. of 20%, sodium hy-
droxide, filtering the resulting paste, anil washing with hot
benzene. Xa was recovered upon treatment with 5% hydro-
chloric acid.

Anal. (Vanadium pentoxide added to aid combustion,
otherwise analyses were consistently low). Calcd. for
CuHsBrNaO,: C, 45.39; H, 2.77. Found: C, 45.52; 11,
3.03.

Yield,

] nr2 M.P. Oryst. from
a6 N(CIL)2 115-116.5 50  Crib-OUlu

c  Piperidyl 141-142 9%  65% CILOH

d Morpholinyl  150.5-151.5 82  65% CILOH

e  Pyrrolidjd 120-121 75  Cdi6, CdhOH
f N(CHZdaL)2 103-104 78  Cdl6 C2LOH

C ]

Anal. Calcd. Found Caled.  Found
a CIH,BrN02 52.72 53.03 4.70 4.99
c C,HIBrNO2 57.23 57.08 5.39 5.28
d CIHIBrNO, 53.27 53.31 4.77 4.63
e CHHi«BrN0O2 5591  55.92 5.00 5.15
f CHHZBrN02 66.96 07.25  4.94 5.05

@-(p-Bromobenzoyl)-f}-methylacrylic methyl ester anil
(XVIII). Excess of diazomethane in 100 ml. of ether was
added to a solution of 8.9 g. (0.0258 mol.) of the y-anilino-
lactone (XIV) in 100 ml. of ether. The solution was allowed
to stand for 36 hr. at 5° and 24 hr. at room temperature (the
reaction is slow). Evaporation gave 9.3 g. (nearly quantita-
tive) of crude product of m.p. 93-97°. Extraction with
0.1IN sodium hydroxide solution and two recrystallizations
from benzene and two from hexane gave an analytical
sample, m.p. 101-102.5°.

(25) (a) Microanalvses were by Mrs. Margaret Logan,
(b) Ultraviolet determinations were at ca. 5 X 10 _6Af in
95% ethanol unless otherwise specified, using a Beckman
DU quartz spectrophotometer, (c) Infrared determinations
were made with a Perkin-Elmer spectrophotometer, model
21 or Infracord.
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Anal. (Vanadium pentoxide added to aid combustion).
Calcd. for CnHieBrN02 C, 60.34; H, 4.50. Found; C,
60.45, 60.63; H, 4.29, 4.50. Three analyses in which the use

TABLE |

Urttraviolet and Infrared Absorption Maxima’™Z

Ic, mya238, 267 ¢ 18,100, 17,700.

le, mM 264, ¢ 15,900; y! 6.03s, 6.12s (shoulder), 6.29s,
6.67s.

Ila, m / 260, e 2L,1X10; yf 6.00s, 6.17s, 6.29s, 6.74s, 6.94s.

lib, mya 261, i 26,000; ye 6.00-6.04bs, 6.10s, 6.27s,
6.69s, 6.92s.

lie, m / 202, «21,200; yf 5.90s, 6.04s, 0.18s, 6.29s, 6.84s,
6.95m.

I1d, mya 262, e 21,700; Tie, 260, e 22,000; IIf, 260, <
21,000,

Ilia (XIV), m/i“ 236, e 19,800. In 50% ethanol: nvi,
235, e 21,000; when made 0.LV in NaOH, see XVI below;
then, when neutralized, m/i, 235, t 27,220; acidified to 0.1A
HC1, m/i, 235, e27,260. m/i," 235, e 19,320, sloping through
202.5 m/i, e2,500; after addition of two equivalents of sodium
methoxide solution, 235 m/i, e 17,000, sloping through
shoulder at 262.5 m/i, «9,450. ff 5.68s, 6.05w, 6.24m; yf
2.97s, 5.76s, 6.06in, 6.23s, 6.58s, 6.67s, 6.73s, 6.95s.

b, m/i“ 240, « 14,600; ye 5.71s, 6.05s, 0.25-6.30bm;
y!5.68s, 6.04m, 6.24m, 6.67s (shoulder 6.72m), 6.95bm.

IVa, m/i* 229-250, ¢ 10,700-3,600; "**y'2.95-2.99-3.05s
(trifurcation), 5.20v, 5.90bs, 6.02m (shoulder), 6.25m,
6.32m, 6.68s, 6.95s.

Vb, m/i“ 230, e 12,700;*" y' 3.04s, 3.33-3.37m, 3.47m,
4.23w, 4.55w, 5.20w, 5.891>5, 6.03s, 6.23m, 6.29m, 6.67s, 6.76s,
6.95s, 7.15s, 7.26s.

IVc, m/i*230-280, e 16,800-3,000V*"

V, m / 243-26", «8,700-1,600;e ye 3.31m, 4.30m, 5.64s,
6.05m, 6.28w, 6.72m, 7.17m, 7.74w, 8.30s, 8.56w, 9.30m;
y! 551s, 5.61s, 6.02s, 6.25m, 6.69s, 6.95m.

VII, m/i“232.5, e 10,800; y! 5.69bs, 6.05s, 6.28w, C.36w,
6.73m, 6.98m.

VI, mfic 262.5, e 18,400; yf 5.81s, 5.95s, 6.06s, 6.28s,
6.74m, 6.94s.

IXa, yl 3.30bm, 5.84-5.94-6.03s (trifurcation), 6.32s,
6.76w, 6.97m.

IXb, yf 5.80s, 6.03s (shoulder 6.10m), 6.30s (shoulder
6.36m), 6.99m.

Xa, y! 31lbs. 5.76s (shoulder 5.83m), 6.06m, 6.28m,
6.73m, 6.97s, 7.18m, 7.27m, 7.65m, 7.96bs, 8.22s, 8.48m,
8.70s, 9.06m, 11.00bs(

Xb, y! 3.40bm, 5.85-5.94s (bifurcation), 6.31s, 6.83m,
7.00m.

Xc, m/i* 230, e 13,400. Anion;* m/i* 256, 6 15,500.

Xla, sodium salt., y! 0.00-6.05bs, 6.21s, 6.33bs, 6.74m,
6.87s, 7.02-7.15hs.

XII, yf 3.25-3.86m (broad, serrated), 5.79s-5.85s (bi-
furcation), 6.05m, 6.25s, 6.91bm, (no band at. ca. 11 ).

XVI, determined in 0.1 A sodium hvdroxide-50% ethanol,
5 X 10“W; m/i 262.5, e23,410; in 0.2V NaOH, e 23,850.

XVII, m/i6 2625 e 22,450 (minimum, 2375 m/i, «
12,850); m / 262.5, e 23,500'. yf 5.81s, 6.06s, 6.19s, 6.32s,
6.40s, 6.76s, 6.96s.

Solvent: “95% CTLOII; 6abs. CdfiOH; “CH3H;
i 2,2,4-trimet.hylpent.ane (isooctane); e CHCL13; sipotassium
bromide pellet. r Xo maximum; slope defined by the two
figures given. * The absorption curve is negligibly affected
by addition to the solution of a small amount of strong
base. ' Sloping through 244 my, e 5,000. 1Very broad
shoulder centering at 276 my, e2,800. * Produced by adding
a small amount of strong base to the solution. ' On standing
in sunlight for 2 days the evalue dropped to a half and after
11 days practically to zero. “For ultraviolet, important
shoulders or absorption areas are footnoted. For infrared,
important bands up to 7 y are given, with s = strong, m =
medium, w = weak, b —broad.
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of vanadium pentoxide was omitted were consistently low
in carbon by 0.77-0.81%, and indicated incomplete com-
bustion.

Hydrolysis of 0.35 g. of XVIII in 20 ml. of glacial acetic
acid and 3 drops of concentrated hydrochloric acid, with
refluxing for 30 min., gave 0.18 g. (65%) of IXb. m.p. 72-
73°, which was identified by recrystallization from hexane
(m.p. 73-74°) and mixture m.p., and by identity of infrared
spectrum with that of an authentic sample.

Hydrolysis of 0.53 g. of XV 111 in 8 ml. cf 95% ethanol con-
taining 0.07 g. of dissolved sodium (24 hr. at room temper-
ature) gave 0.38 g. (75%) of crude X1V which on two re-
crystallizations from benzene was identified by m.p. 168-
168.5°, mixture melting point, and infrared absorption
spectrum identical with that of an authentic sample.

Determination of acidities (pKa').Jb Because of difficult
solubilities in water the determinations were made in 50%,
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ethanol at, 25° and they are therefore relative only. The
true acids (trans), and the cis acids, which are partly or
largely in the -y-hydroxylactone forms, and the y-anilino-
lactone X1V, were sufficiently acidic so that the relative
pKa' values could be calculated from the apparent ;iH
values at half neutralization as determined by means of a
Beckman Model G pH meter. For calculation of the relative
pKa' values for the very weak acids, the 7-hydroxvlac-
tams, the apparent pH values were determined by the
use of trinitrotoluene as an indicator for the range involved
and a series of standard sodium hydroxide solutions, and by
measuring absorptivities at 450 m/i, with time standardiza-
tion to allow for slow deterioration of the standards. The
relative pK,,' values were: Xa (ns), 6.39: 1Xa (trans), 4.37;
Xc, 8.69; IVa, 11.8; IVb, 11.7; XIV, 8.40.

Charlottesville, Va.

[Contribution from the Pioneering Besearch Division, Textile Fibers Department, E. |I. du Pont de Nemours &
Company, Inc.)

Some Reactions ofp-Toliienesiilfonyl Isocyanate
C. KING
Received October 1S, 1950

Several new reactions of p-toluenesulfonyl isocyanate (I) are reported. Reaction with VjV-dialkylamides gives N,N-
dialkyl-V'-p-toluenesulfonylamidines (11), with elimination of carbon dioxide. Monoalkylamides give rise to VV-alkyl-Ar-acvl-
A'-p-toluenesulfonylureas (HI) by simple addition, or to V-alkyl-M'-p-toluenesulfonylamidines (1V), with elimination of
carbon dioxide. Isobutyraldéhyde reacts to give VI. Dimethvl sulfoxide vields Ar-p-toluenesulfonyl dimethyl sulfilimine

V.

Recent published workl has described reactions
of p-toluenesulfonyl isocyanate (1), with mono-
alkyl- and dialkylamides. We wish to report work
done independently in this laboratory on these
and other unusual reactions of p-toluenesulfonyl
isocyanate.

Sulfonyl isocyanates have only recently become
readily and economically accessible from high
temperature phosgénation of sulfonamides in inert
solvents.2 Billeter3 had prepared methane- and

EtOH
d>SO;NIICOEt <------

aSONHCOa

benzenesulfonyl isocyanates by treating the ap-
propriate sulfonyl chlorides with silver cyanate at
120-140°. With benzenesulfonyl isocyanate he
observed typical addition reactions of isocyanates.
He further noted that sulfonyl isocyanates undergo
ready hydrolysis to sulfonamides, rather than to
ureas, which are the usual hydolysis products of

(1) W. Logemann, D. Artini, G. Tosolir.i, and F. Pierini,
Ber. 90, 2527 (1957); 91, 951, 2566 (1958).

(2) British Patent 692,360, June 3, 1953.

(3) 0. C. Billeter, Ber., 36, 690-6 (1904); 37, 2013 15
(1905).

aSONIICONHCOa

isocyanates. Prior to the work of Logemann this
appears to be the only reported work on sulfonyl
isocyanates.

The work in this paper deals with reactions on p-
toluenesulfonyl isocyanate, for which a convenient
preparation has been described in the patent litera-
ture.2

Reaction with N,N-dialkylamides. Smooth, rapid
reaction occurred when p-toluenesulfonyl isocyanate
was added to an excess of W,fV-dialkylamide at

CH3CONH2
............ > aSONHCONHCOCH3

aSONIICONII2

room temperature. Reactions were exothermic,
and it was not found necessary to add solvent or
catalyst. Good vyields of crystalline solids were ob-
tained which were products of intermolecular elimi-
nation of carbon dioxide. Dialkylamides found to
react in this manner were dimethylformamide,
dimethylacetamide, fV-formylpiperidine, Ar-acetyl-
piperidine, and A'-methylpyrrolidone. It is believed
that the reaction proceeds through a cyclic inter-
mediate, leading to A”Af-dialkylW'-p-toluenesul-
fonylamidines. Thus, for the reaction with dimethyl-
formamide :
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TABLE |
ALV -Diatlkyl-N"'-p-Toluenesulfonyi, Amidines
o Yield,
Sulfonylamidine M.P. % ' Analyses Infrared
H —C=N—
TosN=C—N(CH,)2 133-133.5* 67 Caled, for C.d1hSOAv : C, 53.07; H, G.25; Absorption
, 12.38; S, 14.2
Found: C, 53.2; H, 6.0; 1630 cm.-1
, 11.9; S, 14.0 6.11 M
(‘Th 3
TosN=C—N(CHj)2 120.5-121* 95 Caled, for CnH,B80>N2 C, 54.95; H, 6.72;
N, 11.66; S, 13.33.
Found: C, 55.0; H, 6.53; 1580 cm.“1
H N, 11.35; S, 13.29 fi.3la
TosNZC.N/ A 147.5-149 4G Caled, for CiJIi&0O>N2: C, 58.61; H, 6.82;
- N, 10.32; S, 12.03.
Found: C, 57.9; H, 6.8; 1540 cm.-1
ch3 ,10.2; S, 12.1. 6.5m
TosN=C-N \
145-147 64 Caled, for ChHZBONZ C, 59.96; H, 7.20;
,9.99; S, 11.43.
TosN={ Found: C, 59.1: H, 7.0; 1610 cm.-1
N— ,9.8; S, 11.6. 6.2 m
\Ch . 163-1G4 32 Caled, for CHIBONZ C, 57.12; H, 6.39;
, 11.10; S, 12.71.
Found: C,57.1; H, 6.3; 1600 cm.-1
,11.1; S, 128 6.25/i

° Logemann reports 133-134°, 121-124°, and 140-148° for these compounds, respectively.

Ch3a*~"-sokh=c=o0 ch3— SON—=0
| + H 'C_L'O
H—C=0 n-ch3
n-ch3 ch3
ch3
CHH "j "SON «ocu CH3 j V-SONH2
H-C ,CH3
I N—CH3 HCON
CH3
ch3

Structural assignment of 11 was based on elemental
and infrared analysis, and on establishing its
identity by mixture melting point with N,N-
dimetliyl-V'-jj-toluenesulfonyl formamidine pre-
pared from condensation of p-toluenesulfonamide
with dimethylformamide. This latter preparation
was adapted from a recently disclosed. method.

The cyclic mechanism postulated above for
sulfonylamidine formation seems plausible, par-
ticularly in view of the high polarity of the re-
actants. The isocyanate function is rendered highly
electrophilic by the adjacent sulfonyl groups, and
would be highly attracted to the -electron-rich
carbonyl of a dialkylamide.

Analogous amidine formation is known for
ordinary isocyanates. Thus, treatment of benz-
anilide with phenyl isocyanate at 200-220° gives
ApV'-diphenylbenzamidine.s

(4) German Patent 949,285, Sept. 20, 1956.
(5) P. F. Wiley, J. Am. Chem. Soc., 81, 374G (1949).

Table 1 summarizes the data on reaction prod-
ucts from dialkylamides.

Reaction with unsubstituted amides. Acetamide
and formamide gave products of simple addition,
Ar-toluenesulfonyl-Ar,-acylureas. A second product,
however, was isolated from the reaction with form-
amide. It melted at 195-196°, and had the elemen-
tal composition of Arp-toluenesulfonyl urea. This
latter product arose apparently from hydrolysis
during work up of the primary product, N-p-
toluenesulfonyl-./V,-formyl urea. N-p-toluenesul-
fonyl urea is reported to melt at 192°.6

No evidence was found for reaction at the car-
bonyl group, as in the case of the dialkylamides.

Reaction with monosubstituted amides. Reaction
of p-toluenesulfonyl isocyanate with wmnoalkyl-
amides was not so clean as those with unsubsti-
tuted or dialkylamides. Crystalline products were
obtained only as minor constituents, while for the
most part reaction mixtures were noncrystalliz-
able, frequently dark, oils. Reaction mixtures
involving formamides occasionally had a carbyl-
amine-like odor, arising presumably from dehydra-
tion of the formamides.

Crystalline compounds were isolated, however,
which were products of simple addition, as for
the unsubstituted amides, and products formed by
elimination cf carbon dioxide, as for the dialkyl-
amides. Thus, AMsobutylacetamide reacted by
addition, and A”-sec-butylacetamide reacted by
elimination. These products were identified by
infrared and elemental analysis.

(G G. Il. Cox and S. M. Raymond, Jr., J. Am. Chem.
Soc., 63, 300-301 (1941).
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. /COCU,
CII3A, Il SOoNCO f HN /C 1h -
ACHZ2CH Addition
mnCH,
/.COCHz
CH* sohhcon /CH3
'CHjCH
11 ACH3
CH Eliminati
CH3V 5-S02NCO + 0=cT" 3 ~"CHa imination
NHCH
ch2h3
-CH,
CH3< /ASOXN=C AN ch3
TJHCH
v X CH,CH3

The crystalline product obtained from N-
isobutylformamide was V-p-toluenesulfonyl-.V*-
isobutyl urea, (V), identified by infrared and ele-
mental analysis, and by comparison with authentic
urea prepared by addition of isobutylamine to
p-toluenesulfonyl isocyanate. Formation of V
could have arisen from hydrolysis of a product-by-
addition (analogous to 111) or from hydration of
a product-by-elimination (analogous to 1V). In
either case, the urea is a product of a secondary
reaction, occurring presumably during work up.

Reaction with aldehydes and ketones. Isobutyr-
aldéhyde reacted moderately fast to give a some-
what unstable crystalline solid, m.p. 147.5-
148°, having the composition CisH2SOsN. This
composition indicates that two molecules of iso-
butyraldéhyde reacted with one of p-toluenesul-
fonyl isocyanate, with elimination of carbon di-
oxide. The reaction may be formulated as sul-
fonylimine formation followed by addition of iso-
butyraldéhyde. Infrared analysis disclosed the
presence of —NH and of >C =0, which had the

CH34 ft—sokh=c _
so - cl—o

+

’&=0 /c\°

H (IZH-CH3 H CH-CH3
ch3 CH3

CH, sthI

C

H IEH-CH3
CH3

CH3 CHj

vol.25

appearance of a hydrogen-bonded carbonyl. The
carbonyl group might well be expected to bond with
the sulfonamide hydrogen. An attempt to prepare
a sulfonylimine with p-methylbenzaldehyde (no
«-hydrogen for further addition) failed, presum-
ably because of hydrolysis. Reaction with this
aldehyde gave solid which initially melted at
90-93° but which, on attempted purification,
yielded only p-toluenesulfonamide contaminated
with aldehyde.

The ready reaction of p-toluenesulfonyl iso-
cyanate with amides and aldehydes suggested
that reaction might occur with other carbonyl
compounds. No reaction was observed, however,
with acetone, cyclohexanone, benzophenone, acetyl
chloride, or ethyl acetate.

Reaction with sulfoxides. With dimethyl sulf-
oxide a rapid exothermic reaction occurred, giving
crystalline product in high yield. This product
proved to be Ar-p-toluenesulfonyl dimethyl sulfil-
imine (VII), since it had the appropriate elemental
composition and did not depress the melting
point of an anthentic sample prepared by condens-
ing p-toluenesulfonamide with dimethyl sulfoxide
in acetic anhydride. Infrared spectra of samples
from both preparations were identical. Sulfilimine
formation may, formally, at least, proceed through
a cyclic intermediate.

CH- soh=o o CH- /"-SCAN-CK)
A

/S\-AO Ch3COh3
CH3CH3 .

Reaction with amines and mercaptans. A number
of more conventional derivatives of p-toluenesul-
fonyl isocyanate were prepared. Five amines gave
the expected ureas by simple addition. Dodccyl
mercaptan reacted slowly to give the thiourethane,
m.p. 61-63°. Table Il summarizes these results.

EXPERIMENTAL

p-Toluenesulfony! isocyanate, (). The following procedure
is substantially that of British Patent 692,360. Phosgene,
700 ml., was condensed in a 1-1 round bottomed flask and
allowed to evaporate at room temperature through a stirred,
refluxing solution of 1000 g. p-toluenesulfonamide in 3500
ml. 1,2,4-trichlorobenzene. After completion of the addition
the trichlorobenzene was removed by distillation at reduced
pressure through a 6-in. Vigreux column (90° at 100 mm.);
distillation was continued until the head temperature was
110°. The residue was distilled at 0.05 mm., and, after a
short forerun, the main portion passed over at 87-90°; a
little was collected up to 107°. Fractionation of this dis-
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TABLE I

Products from Amines ana Mercaptxns

Urea M.P. Yield, %
TosNHCONH* 169-170 83
TosN HCON H-tso-Bu 169-169.5“ 74
TosNHCO-.YA__ A 148-149 65
TosNIICONH-sec-Bu 123-125% 81
TosNHCONH-ra-Bu 117-122* 44
TosNHCOSCIH,., 61-63 0

Analyses

Calcd. for CH,,SON2 C, 57.91; H, 4.87; N, 9.65; S, 11.04.
Found: C, 58.0; H, 4.8; N, 9.5;8,10.8.

Calcd. for CIHIS0N2 C, 53.30; H, 6.72; N, 10.38; S, 11.86.
Found: C,53.1; H, 0.63; N, 10.3; S, 11.8.

“ Logemann reports 168-170°, 12-1-126°, and 124-126° for these compounds, respectively.

tillate through a 12-in. glass helix packed column afforded
597 g. of pure p-toluenesulfonyl isocyanate, b.p. 90-93° at
0.05 mm. (54%). It was necessary to store this compound
under dry nitrogen in tightly stoppered bottles, since even
short exposure to atmospheric moisture caused hydrolysis
to p-toluenesulfonamide. The boiling range has previously
been recorded as 114-116° at 0.3 to 0.5 mm.2

N.N-Dimethyl-N '-p-toluenesulfonyl formamidine (I1). A
Ten g. of | was slowly added to 15 ml. dry dimethyl-
formamide swirled in a 50-ml. Erlenmeyer flask. Rapid heat-
ing occurred, with rapid evolution of carbon dioxide. The
colorless mixture was allowed to stand at room temperature
overnight, and was then poured into water to precipitate
product, which was collected on a filter. Recrjstallization
from an ethanol-water mixture gave white crystals, m.p.
133-131°, 8.8 g. (67%). Strong absorption in the infrared
at 6.11mindicated a —C=N-grouping.

B. A solution of 10.3 g. (0.06 mole) of p-toluenesulfon-
amide, 6.0 g. (0.10 mole) dimethylformamide, and 11.6 g.
(0.076 mole) phosphorus oxychloride in 40 ml. dry toluene
was refluxed for 4 hr. The reaction mixture was cooled, stirred
into 150 ml. ice water, and then neutralized with sodium
bicarbonate. The crystals which separated were collected on
a filter and then recrystallized from benzene. Product
melted at 132-134°, and amounted to 3.3 g. (26%). The
melting point of a mixture of product from A and B was
133-134°. The infrared spectrum of B was identical with
that of A

N-p-Toluenesulfonyl-N'-acetylurea. Acetamide, 5 g. (0.083
mole) was added with shaking to 10 g. (0.058 mole) (I).
When the acetamide was nearly all dissolved a vigorous reac-
tion occurred and the reaction mixture solidified. Crystalli-
zation from ethanol afforded 11.7 g. (79%) of white crystals,
m.p. 178-179°. Infrared analysis showed —NH absorption
at 3.17m and the split carbonyl absorption expected for the

0 0]

| |
grouping —C—N—C— (5.75 and 5.94 m)-

Anal. Calcd. for CYHIS0MN2 C, 46.86; H, 4.73; N, 10.93;
S, 12.82. Found: C, 46.9: H, 4.7; N, 10.9; S, 129.
N-p-Toliienesulfonyl-N'-formylurea. Formamide, 15 ml.,
was mixed with 10 g. (0.058 mole) (1), and the mixture was
allowed to stand for 4 days at room temperature. The prod-
uct purified by crystallization from w'ater amounted to 10.0
0. (57%), m.p. 155-156°. Infrared absorption at 5.72 and
O 0
Lo 1l Il
59 mindicated —C—N—C—.

|
Anal. Calcd. for CHIBOMN2: C, 44.61; H, 4.17; N,
1156; S, 13.23. Found: C, 44.8; H, 4.3; N, 115; S, 132
Concentration of the mother liquors yielded 2.7 g. of a white
solid melting at 193-197°. Crystallization from ethanol-
water gave pure A-p-tolucnesulfonyl urea, m.p. 195-196°
(1it.2192°).

Anal. Calcd. for OBHIBON2 C, 44.83; H, 4.71; N, 13.08.
Found: C, 44.7; H, 4.6; N, 12.9.

N-p-Toluenesalfonyl-N'-isobulylurea (111). Ten g. of T
(0.058 mole) was added to 15 ml. V-isobutylacetamide at
room temperature. Reaction was slow, with slow evolution
of gas. The mixture whs allowed to stand at room temper-
ature overnight, and was then taken up in ethanol. Addition
of water with cooling in ice caused separation of crystals
which were purified by recrystallization from ethanol-
water. Yield was 1.7 g. (6%); m.p. 80-81°. Infrared absorp-

0] 0]

tion at 5.82 and 5.9C mindicated the grouping —C—N—C—.

Anal. Calcd. for CuHZ2SON2 C, 53.31; H, 7.30; N
8.88; S, 10.10. Four.d: C, 53.77; H, 6.40; N, 8.9; S, 10.2”°
N-sec-Bulyl-N'-p-toluenesulfonylacetamidine (1V). Ten .
of I (0.058 mole) was mixed with 15 ml. A'-sec-butylaceta-
mide. A moderately vigorous reaction occurred with gas
evolution to give a thick yellowish liquid. A small amount of
white solid was obtained when this liquid was cooled and
mixed with water. Recrystallization from ethanol-water
gave 0.46 g. (2.6%) of crystalline product, m.p. 86.5-88°.
Infrared absorption at 3.07 mindicated —NH, and that at
6.47 mindicated —C=N—. The remaining oil was not fur-
ther examined.

Anal. Calcd. for CiIHZBON2 C, 58.17; H, 7.53; N, 10.44-
S, 11.94. Found: C, 58.23; H, 7.49; N, 10.4; S, 11.9.

N-p-I'oluenesulfonyl-N'-isobutylurea. A. V-lsobutylforma-
mide, 15 ml., was mixed with 10 g. (0.058 mole) of (I). A
very rapid darkening occurred, with evolution of gas.
The reaction mixture was a dark oil having the odor of a car-
bylamine. It was allowed to stand 3 days, and then stirred
into cold water. A small amount of solid which separated
was crystallized several times from ethanol-water. Yield
was 0.36 g. of white crystals melting at 169.5-70.5°.

Anal. Calcd. for CiHiS0N2: C, 53.50; H, 6.72; N, 10.36'
S, 11.86. Found: C, 53.4; H, 6.3; N, 10.3; S, 11.8.

B. To 15 ml. of isobutylamine was added, in portions at
room temperature, 10 g. (0.058 mole) I. The reaction was
very vigorous. Product crystallized from ethanol-water
melted at 169-170°, and amounted to 114 g. (74%). The
melting point of a mixture of product from A and B melted
at 169-170°.

Reaction xcith isobutyraldéhyde (VI). Isobutyraldéhyde,
15 ml., was mixed with 10 g. (0.058 mole) | at room tem-
perature. After a short induction period the reaction mixture
warmed to about 50° and evolved gas. The mixture was
allowed to stand overnight, and was then taken up in
methylene chloride and cooled in Dry Ice. White solid
which separated was collected on a filter and washed with
cold ether. When dry the product melted at 143-115°.
Three recrystahizations from chloroform-petroleum ether
afforded 3.9 g. (23%), m.p. 147.5-148.5°. The compound
was somewhat unstable; a strong odor of isobutyraldéhyde
developed from purified samples that had stood for about
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a week. Infrared analysis disclosed —NH absorption at
3.01 m and the absorption of a hydrogen-bonded carbonyl
at5.83 M

Anal. Calcd. for CIHZS0N2 C, 60.65; H, 7.81; N, 4.71;
S, 10.78. Found: C, 60.4; H, 7.6; N, 4.65; S, 10.7.

N-p-Toluenesulfonyl dimethyl sulfilimine (VII). A Ten
g. (0.058 mole) of | was added slowR to 15 g. (0.19 mole)
of dry dimethyl sulfoxide with stirring. Rapid heating
occurred, with evolution of gas. The colorless reaction mix-
ture was allowed to stand at room temperature for 5 hr.
The product was then isolated by precipitation with water,
followed by crystallization from ethanol-water mixture.
Yield of pure sulfilimine, m.p. 157-158°, was 11.7 g. (87%).

B. This preparation was adapted from the procedure of

RICHTER AND FEIST

vol. 25

Tarbell and Weaver7for sulfilimine formation. A solution of

8.6 g. p-toluenesulfonamide (0.05 mole) and 3.9 g. (0.05 mole)
dimethyl sulfoxide in 25.5 g. acetic anhydride was heated

over a steam bath for 1 hr. The solution was then cooled

to room temperature and stirred into an ice-cold solution of

20 g. sodium hydroxide in 60 ml. water. The white crystals

which separated were collected on a filter and then recrys-

tallized from benzene. Yield was 55 g. (47%), m.p. 157-

158°. Infrared spectra of samples from A and B "were identi-

cal.

Wilmington 98, Del.

@) D. S. Tarbell and C. Weaver, J. Am. Chem. Soc., 63,
2939 (1941).

[Contribution from the Department of Chemistry, University of Colorado]
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1,2-Diphenylpyracenediol reacts with 47% aqueous hydriodic acid to form the stable orange-colored I,2-diphenyl-5,6-
dihydropyracylene (111). With iodine, in glacial acetic acid, the diol is converted to 2,2-diphenylpyracenone-l. The reduction
of 1,2-diketopyracene with sodium borohydride produces an equimolar mixture of cis and trans 1,2-pyracenediols. The re-

arrangement of these diols affords pyracenone-1.

A number of derivatives of pyracene have been
described in the literature.1»+eThere are also de-
scribed some attempts to prepare the conjugated-
unsaturated nonalternate hydrocarbon pyracyl-
ene.® Anderson and Anderson discuss the calcu-
lated resonance energy and the 1,2- and 5,6-bond
distances and conclude that such a molecule could
exist. With the preparation of 1,2-diketopyracene:
(), the introduction of groups into the pyracene
molecule has been simplified. This paper describes
the preparation and reactions of a number of these
derivatives.

1,2-Diketopyracene (1) was prepared as described
by Richter and Stocker: and treated with phenyl-
magnesium bromide to form the trans pinacol I1.
The pinacol |1 reacted with 47% hydriodic acid to

| II.LR = C&H5
Va. R = H, cis
Vb. R = H, trans

(1) Previous paper: H. J. Richter and F. B. Stocker, J.
Org. Chem., 24, 366 (1959).

(2) This work was supported by the National Institute
of Health, Grant Cy-2997-G3.

(3) M. C. Kloet.zel and F. L. Chub, J. Am. Chem. Sor.,
72, 150(1950).

(4) A G. Anderson, Jr.,, and R. H. Wad ', J. Am. Chem.
Soc., 74, 2274 (1952).

(5) A. G. Anderson, Jr., and R. G. Anderson, (a) J. Dry.
chem.. 22, 1197 (1957). (b) 3. Org. chem., 23, 517 (1958).

afford ee% of 1,2-diphenyl-5,6-dihydropyracylene
(111). This bright orange compound is stable even
at its melting point of 226°. The unsubstituted hy-
drocarbon, 1,2-dihydropyracylene, prepared by
Anderson and Andersons=sis reported to decompose
at room temperature.

A similar elimination with 47% hydriodic acid
was observed with 1,2-diphenylacenaphthenediol-
1,2 which formed 1,2-diphenylacenaphthylene in
good yield. The course of this elimination is uncer-
tain as no iodine color is observed. This does not
exclude the formation and decomposition of a 1,2-
diiodo compound as iodine dissolves in 47% hydri-
odic acid to form a colorless solution.s

When |1 was treated with iodine in boiling glacial
acetic acid according to Bachmann and Chu,7 re-
arrangement of the pinacol led to the formation of
2,2-diphenylpyracenone-1 (IV) in 73.5% yield.

(6) C. A Jacobsen, Encyclopedia of Chemical Reactions,
Voi. Ill, ReinhoM Publishing Corp., New York, N. Y.,
1949, p. 709.

(7) W. E. Bachmann and E, J. dim, ¢. .4;». Chem. Soc..
58, 1118(1936).
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Rearrangement of Il in boiling glacial acetic acid
with a trace of hydrochloric acid8gave considerable
decomposition. Chromatographic separation of this
latter product afforded a 30% yield of crude ketone
IV and a 10% yield of impure diphenyldihydropy-
racylene Il1. It is of interest to note that 1,2-di-
phenylacenaphthenediol-1,2 under similar condi-
tions formed an 85% vyield of 2,2-diphenylacenaph-
thenone-1.

The diketone 1 is reduced quantitatively by so-
dium borohydride to form a mixture of cis and irons
diols Va and Vb. A diol melting at 264-265° sep-
arated from the reaction mixture in 51.5% vyield.
This compound formed an isopropylidene deriva-
tive with acetone and is thus shown to be the cis
isomer Va. The trans diol Vb m.p. 188-189° was
isolated in 48.5% vyield from the mother liquor. A
reaction time of two hours was required for com-
plete reduction of the pyracene diketone | whereas
acenaphthcnequinone under similar conditions is
reduced almost instantaneously to a mixture of cis
and trans diols.

A mixture of the above diols in glacial acetic acid
with iodine as the catalyst rearranged to form pyra-
cenone-1 (VI). This compound was described pre-
viously by Anderson and Anderson.5 The mixture
of cis and trans acenaphthenediols under similar
conditions did not yield any identifiable products.

EXPERIMENTAL

1,2-Diketopyracenc (I). This compound was prepared as
described by Richter and Stocker.1 With highly purified
oxalyl bromide and technical grade aluminum bromide, the
yields were 8-10%.

With naphthalene instead of acenaphthene and identical
reaction conditions, the only product obtained was «-naph-
thoic acid. This was obtained in 75% pure yield. Unchanged
naphthalene (25%) was isolated from the carbon disulfide
liquor. No acenaphthenequinone was detected.

trans-1,2-Diphenylpyracenediol-1,2 (11). This compound
was obtained in 38% yield by Richter and Stocker.1A more
satisfactory preparation is described. Phenylmagnesium
bromide was prepared from 5.4 g. of bromobenzene and 0.85
g. of magnesium turnings in 100 ml. of absolute ether. To
this ethereal solution, 1,2-diketopyracene (I) (1.50 g.,
0.007 mole) was added in small portions. A vigorous reaction
occurred and the light brown Grignard solution turned
orange. An additional 100 ml. of absolute ether was added
and the solution was refluxed for 2 hr. The mixture was de-
composed by pouring into iced acetic acid. The ether layer
was separated and the acetic acid solution was extracted
twice with additional ether. The combined ether extracts
were washed with 10% sodium carbonate solution and with
water and dried over anhydrous sodium sulfate. Filtration
and evaporation of the solvent in vacuo yielded 2.5 g. (98%)
of a light yellow solid, m.p. 120-160°. This product was
crystallized from ethanol-water with decolorizing charcoal
and yielded white needles, 1.85 g. (69%), m.p. 179-181°
(1it.1180-181°) of II.

Treatment of Il with dry acetone containing 1%, anhy-
drous hydrogen chloride yielded only starting material con-
firming the formation of ;ra«s-1,2-diphenylpyracenediol-I,2

an.

(8) E. Beschke, Ann., 369, 184 (1909).
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1.2-  Diphenyl-5,6-dihydropyracylene (111).
pyracenediol-1,2 (11) (0.5 g.) was treated with 30 ml. of
47% aqueous hydriodic acid at room temperature with
stirring. The white suspension of Il was warmed on a steam
bath for 1hr. during which time it slowly turned to an orange
suspension. Glacial acetic acid (10 ml.) was added and the
orange suspension was warmed on a steam bath for 1 hr.
It was poured into aqueous sodium bisulfite solution and
filtration yielded 0.45 g. of orange 111, m.p. 217-220° in
quantitative yield. Crystallization from aeetone-ethanol-
water yielded orange needles, (0.3 g., 66%), m.p. 226-227°.

Anal. Calcd. for CAHi8 C, 94.51; H, 5.49. Found: C,
94.72; H, 5.50.

A solution of Il (0.1773 g., 0.0005 mole) in absolute
ethanol took up 0.0005 mole of hydrogen over 10% palladium
on charcoal catalyst at one atmosphere pressure and room
temperature to give 0.180 g. (97%) of 1,2-diphenylpyracene,
m.p. 197-198.5°. This product formed white needles from
ethanol-water.

Anal. Calcd. for CEH2x C, 93.94; H, 6.06. Found: C,
93.44; H, 6.17.

In a similar reaction, 0.5 g. of 1,2-diphenylacenaphthene-
diol-1,2 was treated with 47% aqueous hydriodic acid and
3ielded 0.35 g. (81.5%) of 1,2-diphenylacenaphthylene,
m.p. 162-163° (lit.7m.p. 161.3°). Both |,2-diphenylac,enaph-
thylene and 1,2-diphenyl-5,6-dihydropyracylene (111) ex-
hibited deep blue colors with concentrated sulfuric acid.

12-
ethanol absorbed 0.0067 mole of hydrogen over 10% palla-
dium on charcoal catalyst at one atmosphere pressure and
room temperature to give 98% of 1,2-diphenylacenaphthene,
m.p. 146-147° wiricli separated as white needles from etha-
nol-water.

Anal. Calcd. for C2Hi8: C, 94.08; H, 5.92. Found: C,
94.30; H, 5.74.

12-  Diphenyl-5,6-dihydropyracylene (III),
phenylacenaphthylene, was very stable even at its melting
point. A sample at room temperature in air showed no de-
crease in melting point after 6 weeks and the melting point
of a once melted sample showed no decrease.

Bachmann and Chu7report the formation of 1,2-diphenyl-
1,2-dichloroacenaphthene in good yield by passing anhy-
drous hydrogen chloride through a dry chloroform solution
of |,2-diphenylacenaphthenediol-1,2 at 0°. Under similar
conditions, 1,2-ciphenylpyracenediol-1,2 (11) produces a
mixture of products. These products did not contain chlo-
rine. The mixture was not characterized further.

2.2-
of |,2-diphenylpyracenediol-,2 (11) was carried out as
described by Bachmann and Chu.7 One-half g. of Il was
added in one portion to a solution of iodine (2.5 g.) in 250
ml. of glacial acetic acid. This solution was heated at reflux
for 30 min. After cooling, the deep purple solution was
poured into aqueous sulfur dioxide and the resulting gray
precipitate was collected on a filter, 0.45 g., m.p. 160-175°.
This product was crystallized from an ethanol-water mixture
with decolorizing charcoal to afford light yellow needles,
0.35 g. (73.5%), m.p. 191-192°. The infrared spectrum ex-
hibited absorptions at 1710 emuland 1682 em t12,2-Di-
phenyJacenaphthenone-1 exhibited onlj' one absorption at
1715 cm.-1 This double absorption for the carbonyl group
was common to all pyracene compounds containing a car-
bonyl group.

Anal. Calcd. lor CMHisO: C, 90.14; H, 5.24. Found: C,
89.94; H, 5.31.

When the pinacol rearrangement was carried out on Il
according to Beschke8using boiling glacial acetic acid and
concentrated hydrochloric acid as catalyst, a black product
was formed. Only a low yield of crude iV in addition to some
11 could be isolated by crystallization from ethanol-water
followed by chromatographic separation on alumina.

The rearrangement of |,2-diphenylacenaphthenediol-1,2
using glacial acetic acid and concentrated hydrochloric acid
gave a clean reaction with no decomposition and an 85%

1,2-Diphenyl-

Diphenylacenaphthylene (0.0064 mole) in absolute

like 1,2-di-

Diphenylpyracenone-I (IV). The pinacol rearrangement
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yield of 2,2-diphenylacenaphthenone-l, m.p. 172-173°
(lit.7 171.3-172.4°). Both the acenaphthene and pyracene
diphenyl ketones gave an orange eolor with concentrated
sulfuric acid.

1,2-Pyracenediols. A. cis-1,2-Pyracenediol (Va). To a
yellow-orange suspension of 1 g. of 1,2-diketopyracene (1)
in 150 ml. of ethanol there was added in one portion 0.5 g.
of sodium borohydride. This suspension was stirred for 2 hr.
at room temperature during which time the orange solid
dissolved to form a nearly colorless solution which showed
a blue fluorescence. An additional 0.1 g. of sodium boro-
hydride was added and stirring continued for 20 min. The
reaction mixture was then decomposed by the drop-wise
addition of excess 10% hydrochloric acid followed by 300
ml. of water. The white precipitate which slowly separated
was collected on a filter. There was obtained 0.52 g. of crude
Va, m.p. 240-250° dec. This product was crystallized from
ethanol to form white needles, (40%), m.p. 264-265° dec.

Anal. Calcd. for CHHID 2: C, 79.23; H, 5.70. Found: C,
79.18; H, 5.75.

B. trans-1,2-Pyracenediol (Vb). The filtrate from the above
preparation of the cis diol was saturated with salt and ex-
tracted exhaustively with ether. The ethereal solution was
dried over anhydrous sodium sulfate and evaporated under
reduced pressure leaving 0.5 g. of crude ;ra;is-1,2-pyracene-
diol (Vb), m.p. 130-138° which was crystallized from 400
ml. of water to yield white cubes, (35%), m.p. 188-189°.

Anal. Caled. for CnHiD2 C, 79.23; H, 5.70. Found:
C, 79.19; H, 5.86.

The high melting diol Va (0.2 g.) was suspended in 5 ml.
of the acetone-hydrochloric acid solution and anhydrous
sodium sulfate (0.1 g.) was added. The white solid slowly
dissolved over a period of 14 hr. at room temperature. The
solution was filtered a.nd the solvent evaporated. There was
obtained 0.2 g. of 1,2-isopropylidrnedioxypyracene, m.p.

, AND ZAYED
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120-135° dec. Crystallization from petroleum ether (b.p.
40-50°) yielded white needles, m.p. 164-165°.

Anal. Calcd. for C,,H®2 C, 80.93; H, 6.39. Found: C,
80.78; 11,6.55.

The low melting diol Vb (0.2 g.) was subjected to the same
reaction conditions as described above but was recovered
unchanged.

When acenaphthenequinone was reduced with sodium
borohydride as described for 1,2-diketopyracene (1), the
reaction was instantaneous and quantitative. A 50-50 mix-
ture of the knowm cis and Irans acenaphthencdiols3was ob-
tained although separation proved more difficult.

Pyracenone-1 (VI). A mixture of the cis and Irans 1,2-
pyraeenediols (Va and Vb) (0.2 g.) was subjected to the
conditions of the pinacol rearrangement using glacial acetic
acid and iodine.7 The mixture was poured into aqueous
sulfur dioxide. The precipitated gray solid (0.2 g.) melted
at 140-165° and then formed a black residue which did not
meltabove 270°. Approximately one half of this gray product
dissolved in hot ethanol. This solution was treated with de-
colorizing charcoal, filtered, and on cooling very light yellow
crystals formed. There was obtained 0.08 g. (40%) of pyra-
cenone-1 (VI), m.p. 180-181° (lit.% m.p. 182-183°). The
infrared spectrum showed absorption peaks at 1670 cm.-1
and 1715 cm.-1 Pyracenone-1 gave an orange-yellow color
with concentrated sulfuric acid similar to that obtained with
acenaphthenone-1.

A mixture of cis and trans acenaphthencdiols was sub-
jected to the same reaction conditions above but no ace-
naphthenone-1 was isolable.

Boulder, Colo.

(9) R. Criegee, L. Kraft, and B. Rank, Arm., 507, 159
(1933).

).
[Contribution from the Department of Chemistry, Faculty of Science, A’in Shams University]

Studies of Quinoid Structures. IV.1Action of Grignard Reagents on

Anthraquinone Monoanil

W. |. AWAD, A K. FATEEN, ana M. AL ZAYED

Received July 31, 11311

Grignard reagents add preferentially to the carbonyl group of anthraquinone monoanil under ordinary conditions. The

constitution of the products is discussed.

It has been found1-3 in these laboratories that
Grignard reagents add preferentially to the car-
bonyl group of phenanthrenequinonimine, chrys-
enequinonimine, phenanthrenequinone monoxime,
chrysenequinonc monoxime, phenanthrene-quinone
and chrysenequinone monosemicarbazones and
benzil mono.semicarbazone. This study is now
extended to p-quinoid structures, e.g. anthra-
quinone monoanil (1). Grignard reagents add

(1) Studies of Quinoid Structures. Ill. Action of Grig-
nard reagents on phenanthrenequinone monosemicarbazone,
chrysenequinone monosemicarbazone and benzil mono-
semicarbazone. W. |. Awad, A. R. A Raouf, and Miss A. M.
Ivamel (J. Org. Chem. in press).

(2) W. I. Awad and A. R. A Raouf, J. Org. Chem,, 22,
881 (1957).

(3) W. I. Awad and A. R. A Raouf, J. Org. Chem., 23,
282(1958).

under normal conditions preferentially to the
carbonyl group of | as shown in Scheme A.

The constitution of 11 is based on: (i) hydrolysis
to give a nitrogen free keto compound (I11),
(i) infrared spectrum showing the presence of
C=N stretching frequency at 16311 c¢m-145 and
—OH stretching frequency at 3333 cm“16& and
(iii) elemental analysis. The ketone (I11) showed
clear carbonyl stretching frequency at 1680 cm-1,7
but it did not show a free —OH stretching fre-

(4) L. J. Bellamy, The Infrared Spectra of Complex
Molecules, Metheun, London, 1957, p. 223.

(5) W. I. Awad, Egypt. J. Chem,, 1, 87 (1958).

(6) L. J. Bellamy, The Infrared Spectra of Complex
Molecules, Metheun, London, 1957, p. 84.

(7) L. J. Bellamy, The Infrared Spectra of Complex
Molecules, Metheun, London, 1957, p. 176.
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Illa. R = CH6; lib. R = p-CHOCH4; lle. R = CH7,
lid. R = CH3 lle. R = C216
CH.,-0 R GIRO CH.
1l v
Ilia. R = C&H6; IllIb. R = p-CHOCEH4 Illc. R = CIH,
0o
in N _ NQB’-A
“Iaﬂﬂrrctgcacié/ v c-Il and hydrolysis
Clls H
\Y%
Scheme A

guency, and since the hydrolysis has been carried
out in a hydrochloric acid-ethyl alcohol mixture,
etherification of the free —OH has also taken place.
This has been proved by the action of an ethyl
alcohol-hydrochloric acid mixture on 9-hydroxy-9-
phenyl anthrone (m.p. and mixture m.p. experi-
ment). The melting point of Ilia was similar to
that previously described by Liebermann and
Lindenbaum.8 When Ilia was treated with a
hydroiodic acid-acetic acid mixture de-ethylation
and reduction took place to give 10-phenylanthrone
(V), (similar to the same reaction on 10-phenyl-10-
methoxyanthrone by Schlenk and Bergmann9.
Furthermore llia was treated by Grignard rea-

(8) C. Liebermann and S. Lindenbaum, Ber., 38, 799

(1905).
(9) von W. Schlenk and E. Bergmann, Ann. 463, 98,

161, 174, 181 (1928).
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gent to give IV which was de-ethylated and reduced
with loss of water by the action of a hydriodic
acetic acid mixture to give 9,10-diphenylanthracene
(V). Ethylation of IV gave 9,10-diphenyl-9,10-
diethoxyanthracene (VI). The action of a Grignard
reagent on V gave VII9 which was converted to
VIII by heating with a hydriodic-acetic acid mix-
ture. It is to be noted that the hydroxyl group in
position 10 in Il is not stable in acid medium
compared with that in 10-hydroxy-10-phenyl-9-
(IOH)phenanthrone2 under the same conditions.
It seems that the hydroxyl in Il is eliminated in
the form of a water molecule by the proton of the
medium. The carbonium ion formed (which is
stabilized by the resonance with the benzene rings)
is then attacked by the ethoxyl group of the al-
cohol to give the more stable ether (I11). This was
also confirmed by the fact that when Ilia was
heated with a hydriodic-acetic acid mixture de-
ethylation and reduction to V took place. The same
applies to the de-ethylation of IV where it is fol-
lowed by reduction and removal of water to give
VIIL.

10-Phenyl-10-ethoxy anthrone (llia) was al-
lowed to react with anisyl- and a-naphthylmag-
nesium bromide to yield 9-hydroxy-9-anisyl-10-
phenyl-10-ethoxy-9,10-dihydro-anthracene (1Xa)
and 9-hydroxy-9-naphthyl-10-phenyl-10-ethoxy-9,-
10-dihydro-anthracene (1Xb), respectively.

HO R
IX
IXa. R = p-CH3CEH4; IXb. R = CIH,

EXPERIMENTAL

Melting points are not corrected. Microanalyses were
carried out by Alfred Bernhardt, irn Max-Plank Institut,
Mulheim (Ruhr) Germany. Infrared measurements were
made on a Perkin-Elmer infracord Model 137 in nujol mulls
or carbon tetrachloride solution.

(a) Action of phenylmagnesium bromide on anthraquinone
monoanil. D A solution of anthraquinone anil (16.8 g.) in a
hot mixture of dry benzene and dry ether (150 ml.) was
added to an ethereal solution of phenylmagnesium bro-
mide (from bromobenzene, 10.8 g., and magnesium, 1.44
g.) and the reaction mixture was heated at reflux for 2 hr.
and left overnight. The product was hydrolyzed with a satu-
rated solution of ammonium chloride, and the ether-benzene
layer was separated, dried over anhydrous sodium sulfate,
fltered and the solvent distilled. Ha was crystallized from
petroleum ether (60-80°) to give 14.2 g. of yellow crystals,
m.p. 158°.

Rnal. Calcd. for CBHI®ON: C, 86.42; H, 5.26; N, 3.87.
Found: C, 86.18; Il, 5.67; N, 3.51.

(b) Hydrolysis of Ha. Ha (2 g.) was heated at reflux
for 2 hr. with a mixture of ethyl alcohol (25 ml.), and hydro-
chloric acid (25 ml.). On cooling, Ilia was filtered and crys-
tallized from petroleum ether (60-80°) to give 14 g. of

(10) L. Sander, Ber., 58, 824 (1925).
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yellow crystals, m.p. 157°. It was insoluble in sodium hy-
droxide solution.

Anal. Calcd. for CZHi® 2. C, 84.05; H, 5.77. Found:
C, 83.99; H, 5.46.

10-Phenyl-10-ethoxyanthrone was also prepared by the
action of an ethyl alcohol-hydrochloric acid mixture on 10-
phenyl-10-hydroxyanthronell and mixture melting point
gave no depression.

Preparation of 9,10-diphenyl-9-hydroxy-10-ethoxy-9,10-di-
hydroanthracene (IV). A solution of 10-phenyl-10-ethoxy-
anthrone (2.86 g.) in a mixture of dry benzene and dry
ether (50 ml.) was added to an ethereal solution of phenyl-
magnesium bromide (from bromobenzene, 157 g. and
magnesium, 0.24 g.) and the reaction mixture was treated
as in (a). The product was crystallized from methy!l alcohol
to give 1.9 g. of colorless crystals, m.p. 224°. It gave an
indigo color with concentrated sulfuric acid.

Anal. Calcd. for C28HX02: C, 85.68; Il, 6.16. Found:
C, 85.48; 11, 5.92.

Action of a hydrochloric acid-ethyl alcohol mixture on V.
9,10-Diphenyl-9-hydroxy-10-ethoxy-9,10-dihydroanthracene
(2 g.) was treated as in (b). VI was crystallized from
benzene to give 1.6 g. of pale yellow crystals, m.p. 275°.

Anal. Calcd. for CIHAB®. C, 85.08; Il, 6.71. Found: C,
85.39; H, 6.59.

(c) Action of a hydriodic acetic acid mixture on 10-phenyl-
10-cthoxy anthrone (111). Hydriodic acid (5 ml.) was added
to a hot solution of 111 (1 g.) in acetic acid (3 ml.) and the
reaction mixture was refluxed for 2 hr. The product was
poured on cold water, and extracted with ether. The ethereal
layer was washed with sodium bisulfite solution, then with
sodium bicarbonate solution and water, uhen dried over
anhydrous sodium sulfate. The ether was filtered and dis-
tilled, leaving a sticky product. It was triturated with
petroleum ether (60-80°), then crystallized from petroleum
ether (60-80°) to give 0.7 g. of V as vellow crystals, m.p.
146°.

Anal. Calcd. for C-H,40: C, 88.88; Il, 5.18. Found: C,
89.08: H, 5.22.

Action of a hydriodic-acetic acid mixture on 9,10-diphenyl-
9-hydroxy-10-ethoxy-9,10-dihydro-anthracene. Hydriodic acid
(1.7 sp. g.) (3 ml.) was added to a hot solution of 9,10-di-
phenyl-9-hydroxv-10-ethoxy-9,10-dihydro-anthracene (0.4
g.) in acetic acid (2 ml) and the reaction mixture was
treated as in (c). The product was crystallized from petro-
leum ether (60-80°) to give 0.25 g. of canary yellow crystals,
m.p. 245-246° undepressed on admixture with an authentic
sample of 9,10-diphenylanthracene.2

Anal. Calcd. for C2Hi8 C, 94.54; 1l, 5.45. Found: C,
94.37; H, 5.46.

Action of a hydriodioacetic acid mixture on VII. Hydriodic
acid (1.7 sp. g.) (2 ml.) was added to a hot solution of VII
(0.2 g.) in acetic acid (2 ml.) and the reaction mixture was
refluxed for 2 hr. The sticky product was triturated with
petroleum ether (60-80°), then crystallized from acetic
acid to give 0.1 g. of VIII as light yellow crystals, m.p. 245-
246°, undepressed on admixture with an authentic specimen.

Action of anisylmagnesium bromide on 1. A solution of
anthraquinone anil (11.2 g.) in a hot mixture of dry benzene
and dry ether (150 ml.) was added to an ethereal solution of
anisylmagnesium bromide (.from p-bromoanisole, 7.2 g., and
magnesium, 0.96 g.) and the reaction mixture was completed
asin (a). lib was crystallized from petroleum ether (60-80°)
to give 10.5g. of yellow crystals, m.p. 147°.

Anal. Calcd. for CZH2NO2: C, 82.86; H, 5.37; N, 3.58.
Found: C, 83.01; Il, 5.41; N, 3.52.

Hydrolysis of lib. lib (3.2 g.) was treated as in (b). Illb

(11) A Haller and A. Guvot, Comnl. rend., 13S, 1251
(1904).

(12) C. Iv. Ingold and P. C. Marshall, J. Chem. Soc., 3080
(1926).
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was crystallized from petroleum ether (60-80°) to give 2 g.
of yellow crystalline product, m.p. 181°.

Anal. Calcd. for CZHD()3: C, 80.21; H, 5.85. Found:
C, 80.18; H, 5.72.

Preparation of 9,10-dianisyl-9,10-diclhoxy-9,10-dihydro-
anthracenc. A solution of 10-anisyl-10-ethoxyanthrone (1.14
g.) in a mixture of dry benzene and dry ether (50 ml.) was
added to an ethereal solution of anisylmagnesium bromide
(from p-bromoanisole, 0.63 g., and magnesium, 0.08 g.)
and the reaction mixture was treated as in (a). The product
was crystallized from methyl alcohol to give 0.8 g. of color-
less crystals, m.p. 210°. This product (0.7 g.) was heated
under reflux for 2 hr. with a mixture of ethyl alcohol (20 ml.)
and hydrochloric acid (7 ml.). On cooling, VIb was filtered
and crystallized from petroleum ether (80-100°) to give 0.7
g. as colorless crystals, m.p. 276°.

Anal. Calcd. for C3H304: C, 79.97; Il, 6.71. Found:
C, 79.80; 11, 6.68.

Action of naphthylmagnesium bromide on 1 A solution
of anthraquinone anil (14.1 g.) in a hot mixture of dry
benzene and dry ether (150 ml.) was added to an ethereal
solution of naphthylmagnesium bromide (a-bromonaphtha-
lene, 10.35 g., and magnesium, 1.21 g.) and the reaction mix-
ture was treated as in (a). lie was crystallized from pe-
troleum ether (40-60°) to give 16.2 g. of yellow crystals,
m.p. 161-162°.

Anal. Calcd. for CH2NO: C, 87.56; H, 5.14; N, 3.4.
Found: C, 87.47; H, 5.37; N, 3.60.

Hydrolysis of lie. lie (1.6 g.) was treated as in (bl. The
product was crystallized from petroleum ether (60-80°) to
give 1.3 g. of Ilie as colorless crystals, m.p. 256°.

Anal. Calcd. for CMHZ02: C, 85.69; H, 5.53. Found: C,
86.01; H, 5.36.

Action of methybnagnesium iodide on I. A solution of
anthraquinone anil (9.43 g.) in hot mixture of dry benzene
and dry ether (150 ml.) was added to an ethereal solution
of methylmagnesium iodide (from methyl iodide, 4.73 g,
and magnesium, 0.81 g.) and the reaction was completed as
in (a). lid was crystallized from petroleum ether (60-80°)
to give 5.4 g. of yellow crystals, m.p. 224°.

Anal. Calcd. for C2H,ON: C, 84.25; H, 5.72; N, 4.68.
Found: C, 83.75; H, 5.61; X, 4.72.

Action of ethybnagncsinm bromide on I. A solution of
anthraquinone anil (7.1 g.) in a hot mixture of dry benzene
and dry ether (100 ml.) was added to an ethereal solution
of ethylmagnesium bromide (ethyl bromide, 2.72 g.. and
magnesium, 0.6 g.) and the reaction mixture was treated
as in (a). lie was crystallized from petroleum ether (60 -
80°) to give 4.3 g. of vellow crystals, m.p. 176°.

Anal. Calcd. for C,.H,INO: C, 84.31; H, 6.11; N, 4.47.
Found: C, 84.38; H, 5.94; N, 4.59.

Action of anisylmagnesium bromide on Ill. A solution
of 111 (21 g.) in a mixture of dry benzene and dry ether
(50 ml.) was added to an ethereal solution of anisylmag-
nesium bromide (from p-bromoanisole, 1.24 g., and mag-
nesium, 0.16 g.) and the reaction mixture was treated as in
(a). 1Xa was crystallized from ethyl alcohol to give 0.6 g.
of colorless crystals, m.p. 186°.

Anal. Calcd. for (\,11v)b: C, 82.46; Il, 6.16. Found:
C, 82.38; H, 6.36.

Action of naphthylmagnesium bromide on I11. A solution
of 111 (3.14 g.) in a mixture of dry ether and dry benzene
(100 ml.) was added to an ethereal solution of naphthyl-
magnesium bromide (from a-bromonaphthalene, 2.07 g,
and magnesium, 0.24 g.) and the reaction mixture was treated
as in (a). IXb was crystallized from a mixture of petroleum
ether (40-60°) and benzene to give 1.2 g. of colorless crys-
tals, m.p. 265°.

Anal. Calcd. for CIH®BO2: C, 86.87; H, 5.88. Found:
C, 86.74; H, 5.93.

Abbassia-Cairo

E gypt-U.A.K.
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STRUCTURE OF CERTAIN POLYAZAINDENES. V

[Communication NO. 1998, from the K odak Research Laboratories]

Structure of Certain Polyazaindenes. V. Syntheses.

c. F. H. ALLEN, . A REYNOLDS, J. F. TINKER, ana L. A WILLIAMST

Received December 8, 1959

Syntheses of 6-methyl-4-oxo-1,3,3a,7-tetrazaindene, 4-methyl-6-o0xo-1,2,3a,7-tetrazaindene, the méthylation product of
the latter, and a number of related substances are described. This chemical evidence furnishes independent corroboration of

the structures deduced by other methods.

The reaction product of ethyl acetoacetate with
3-amino-1,2,4-triazole has previously been shown
to be 6-methyl-4-oxo-l1,3,3a,7-tetrazaindenelb on
the basis of spectral evidence.132

In view of the diversity of opinion which exists
in this field,3-7 it was deemed desirable to con-
firm this conclusion by a proof of structure of I
based on chemical evidence. With this end in view,
2 - hydrazino - 4 - hydroxy - 6 - methylpyrimidine
(1) was treated with ethyl orthoformate; both
possible products, 6-methyl-4-oxo-1,2,3a,7-tetra-
zaindene (111) and 4-methyl-6-oxo-1,2,3a,7-tetraza-
indene (1V), were formed. Methylation of 1V gave
4,7 - dimethyl - 6 - oxo - 1,2,3a,7 - tetrazaindene
(V), as proved by its identity with the substance
obtained by the same cyclization of 1,4-dimethyl-2-
hydrazino-6-pyrimidone (VI). The latter resulted
from the action of hydrazine upon 1,4-dimethy1-2-
methyl - 2 - methylmercapto - 6 - pyrimidone, a
substance of known structure.8 These reactions
established the structures of 1V and V. The second
and only other product formed in the reaction must
be 111, which results from the alternate mode of
cyclization. Methylation of 111 gives r,6-dimethyl-
4- oxo-1,2,3a,7-tetrazaindene (VI1),
quite different from the product obtained by ring
closure of VI, indicating that 111 is not related to
the 6-one series. It has been previously shown that
Il is rearranged to | by acid, a reaction which
can readily be accounted for.2

Further evidence for these formulations was
forthcoming from the synthesis and identification

(la) At the Research Laboratories,
Harrow, England.

(Ib) Partl, C. F. H. Allen, H. R. Bcilfuss, D. M. Burness,
G. A Reynolds, J. F. Tinker, and J. A VanAllan, J. Orq.
Chem., 24, 779(1959).

(2) Partll, C. F. H. Allen, H. R. Beilfuss, D. M. Burness,
G. A Reynolds, J. F. Tinker, and J. A. VanAllan, J. Org.
Chem., 24, 787 (1959).

(3) E. J. Birr, Z. wiss. Phot., 47, 2927 (1952).

(4) E.J. Birr and W. Walther, Ber., 86, 1401 (1953).

(5) J. D. Bower and F. P. Doyle, J. Chem. Soc., 727

Kodak Limited,

(1957).
(6) D. J. Fry and B. Whitear, Resumes des Communi-
cations. Tome Il. Division de Chimie Organique. XVle

Congress International de Chimie Pure and Appliquee,
Paris, July 1957, p. ICC.

(7) D. J. Fry, U. 8 Patent 2,566,629 1951. [Chem.
Abstr., 46, 1380(1952)].

(8) H. L. Wheeler and D. F. McFarland, 4ni. Chem. /.,
42. 100(1909).
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Reagents: 1, ethyl orthoformate; 2, methyl sulfate and
alkali; 8, hot formic acid; 4, ethyl acetoacetate.

of three of the isomeric methylmercapto com-
pounds. Treatment of the hydrazine Il with carbon
disulfide produced both possible products, 4-met.hyl-
6-oxo-1,2,3a,7-tetrazaindene-3-thiol (X) and 6-
methyl~4-oxo-1,2,3a,7-tetrazaindene-3-thiol  (XI1).
The conversion of X to IV by oxidation with dilute
nitric acid confirms the structure of X as a 6-one.
Therefore, X1 must be the 4-one, as indicated.
Dethiolation of X1 yields the expected 4-one IlI.
Stepwise methylation of X gave the 4-methyl-3-
methylmercapto-6-oxo-1,2,3a,7-tetrazaindene (XI1)
and 4,7-dimethyl-3-methylmercapto-G-oxo-I,2,3a,-
7-tetrazaiiidene (XI11), respectively. This latter
substance is also obtained by ring closure of VI
with phenyl isothiocyanate to give 4,7-dimethyl-
G-o0x0-1,2,3a,7-retrazaindene-3-thiol ~ (X1V), fol-
lowed by methylation. This sequence of reactions
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CHART I
Ff' XVIl. R=R'=H
CH. M & SR XVIIl. R=CH3R'=H
\ -KI | XIX. R=CHIH2 R'=1l
1 -N—N XX. R=CH3 R'=COOCH5
i A\ ) 2
VI --—-->R=H, R'=CHj
m.p. 320°
XIll. R=R'=CH,
m.p. 218°
R'
XIl. R=CH3R'=H
m.p. 254°
XV.R=CH3R'=1l XVI. R=R'=CH,
m.p. 281° m.p. 195°
Xl. R=R'=H
m.p. 272°

Reagents: 1, phenyl isothiocyanate; 2, methyl sulfate and alkali; 3, carbon disulfide and pyridine.

establishes the structures of X1 and X111 and con-
firms the structure of X. In a similar manner,
méthylation of X1 gives 6-methy.-3-methylmer-
capto-4-oxo-1,2,3a,7-tetrazaindene (XV) and 6,7-
dimethyl-3-methylmercapto-4-|oxo-1,2,3a,7-tetraza-
indene  (XVI). The third isomer, 6-methyl-
2- methylmercapt,0-4-0x0-1,3,3a,7 -tetrazaindene
(XVI111), is described in the literature.7Each of the
derivatives, X, XI, and XVIII, has been detliio-
lated to the corresponding tetrazaindene. The
preparation and dethiolation of the benzyl ether
XX is described in the experimental section. The
dethiolation of XVIII proceeded more smoothly
when the acidic hydrogen was acy.ated, yielding
XX; the loss of the carbethoxyl group, owing to
the alkali present in the catalyst preparation, was
slower than the removal of the sulfur atom. The
reported? preparation of XV 11l from amino mercap-
totriazole could not be duplicated.

It is quite surprising to find that the five re-
actions outlined in chart 111 all lead to 4-methyl-
3- phenyl-6-oxo-1,2,3a,7-tetrazaindene (XXI), since
different products have been claimed previously.6
The identity of these products was established by
comparison of their infrared and ultraviolet ab-
sorption spectra. The structure of XXI is based
solely on the similarity of its ultraviolet absorp-
tion spectrum to that of other known 6-ones.1

Change of the aminotriazole substituent from
hydrogen, methyl, or methylmercapto to phenyl
has altered the course of the reaction so that the
product changes from a 4-oxo-l,3,3a,7-tctrazain-

GHART 111

Reagents: 1, ethyl acetoacetate; 2,

1 ghenyl benzoate; 3,
ethyl orthobenzoate ;4, benzhydrazide; 5,

lead tetraacetate.

dene to a 6-oxo-1,2,3a,7-tetrazaindene. Evidently
the phenyl substituent has reduced the basicity of
the two nitrogen atoms conjugated with it (N2
and N*), so that amide formation is faster than
aminocrotonate formation. The resulting amide
lacks the charge distribution of the aminocrotonate,
since the acylated N* is not basic. Subsequent
reaction is that of the most basic nitrogen, N4 in
Michael addition to the enolic form of the keto-
amide (compare ref. 2). It is surprising that the four
alternate reactions shown in Chart 111 failed to
yield any trace of compounds representing ring
closure into position 3 of the pyrimidine ring.
Like other 6-ones, XXI is stable to acid, so that
but one aryl compound is available.

The ultraviolet absorption data for the 6-methyl-
4-oxo-1,3,3a,7-tetrazaindenes are collected in Table
I. All show the same type of absorption. In particu-
lar, the ratio of absorption coefficients of band ¢



MARCH 1900

STRUCTURE OP CERTAIN POLYAZAINDENES. V

363

TABLE |

Uiltraviolet AbsorptionlSpectra of 6-Methyl-4-ox0-1,5,3a,7-tetrazainienes

Substituent M.P. 7 A VA;l
I None“6 278 e 256(0.4)° 278(10.8) 1.7
VI x-CIll/ 248 € 245 (4.8) 275(11.5) 2.4
IX x-CH/ 235 € 246 (7.9) 282(18.4) 2.3
XVIII 2-SCH, 284-280 229(24.7) 267(10.2) 0.41"
XX 7-CO,CH5 183 € 248 (4.5) 278 (9.3) 2.0
XXII 5-01L" 306 € 248 (4.3) 289(10.5) 2.4
XXXII 2-CIR6 310 210(23.5) 238 (2.8) 272 (9.5) 3.4
XXX 2-SCH37-CH3 160-170 231(22.0) 270 (9.8) 0.45"
XXXV 2-SCH37-COLHS 191 228(25.0) 259 (9.4) 273 (9.0)

aln neutral solution this compound shows a single peak 272 (9.9); a trace of base .yields the spectrum shown.6The syn-
theses of these substances have been reported in previous papers.120c All t values are to be multiplied by 10s; solvent is
methanol; wave lengths in mx. d VIII and IX are the products obtained by methylation of I. e Curves not run to shorter

wave lengths. ' Ratio of evalues. s Ratio eof band b to band a.

TABLE 11

Ulttraviolet Absorption Spectra of 6-Methyl-4-o0x0-1,2,3a,7-tetrazaindenes

Substituent M.P.
111 None 252 210(17.7)
VIl x-CH/ 160
X1 3-SH 270-272 245(12.0)
XV 3-SCHa 281-282 231(14.2)
XVI 3-SOH37-CH3 19%5 235 (8.0)

“ Obtained by methylation of I11. b Ratio of i values.

to band b varies between 1.5 to 3.4, in line with
previous observations of the spectra of related 4-
one type compounds.11t is interesting to note that
I gives two monomethylation products, VIII and
IX, which differ greatly in solubility, and consider-
ably in melting point and ultraviolet spectra; yet
the absorption properties fall within the limits
deduced as proper for this structure.l Negative
Zeisel determinations indicated lack of O-methyla-
tion,@and the C-methyl product, 5,6-dimethyl-4-
oxo-1,3,3a,7-tetrazaindene (XXI11),3 also differed
from both VI1II and I1X.

Table Il shows that the 4-oxo-l,2,3a,7-tetraza-
indenes as a class absorb at longer wave lengths
than the 4-oxo-1,3,3a,7-tetrazaindene series and
have a somewhat lower Ac/Xb ratio. The general
shape of the curves, however, is similar to those
in Table 1.

(9) The O-methyl compound could not be obtained from
4-chloro-6-methyl-I,3,3a,7-tetrazaindene2and sodium meth-
oxide in carefully dried methanol, only | being obtained.

(20) Part 111, C. F. H. Allen, H. R. Beilfuss, D. M. Bur-
ness, G. A. Reynolds, J. F. Tinker, and J. A VanAllan, J.
Org. Chetn., 24,793(1959).

S AVAS"
240(4.81 294 (6.8) 1.4
245(5.01 303(12.7) 2.54
284(8.3) 325 (7.5) 0.90
260(7.0) 309 (7.1) 1.0
263(9.0) 314(10.4) 1.1

A pronounced change occurs in the character
of the ultraviolet absorption spectra of the 6-oxo-
1,2,3a,7-tetrazaindenes, compared to those of the
4-oxo compounds, as is evidenced by the data in
Table I11. This series is characterized by a single,
high-intensity band, with inflections occurring at
about 250 and 300 m”™. Only in the case of IV and
X are these inflections developed into real bands.

It may be well to emphasize again the need for
obtaining all physical data in comparing and de-
termining identity of these polyazaindenes. For
instance, melting points and mixed melting points
by themselves are inadequate and may even be
misleading. The infrared and. ultraviolet absorp-
tion spectra are of inestimable value. The numerous
erroneous conclusions in the literature are undoubt-
edly drawn from insufficient data.

EXPERIMENTAL

4-Methyl-6-oxo-1,2,3a,7-telrazaindene (IV). By oxidation of
X. Two g. of X was added to dilute nitric acid (10 ml. of
nitric acid (d = 1.42) made up to 25 ml. with water). A
vigorous reaction ensued, with the evolution of oxides of
nitrogen. The clear, yellow solution was poured into water,
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Ultraviolet Absorption Spectra of 4-METHYL-6-0x0-1,2,3A,7-TErRAZAINDENES

Substituent M.P. g
1V None 298 210(22.7)
X 3-SH 280 229(10.7)
X1l 3-SCH3 254 229(22.4)
X1l 3-SCH37-CH3 218 229(19.4)
XXI1 3-ClL, >330 242(26.7)
XXXIV x-CH33-CAlr,f 315-320 234(14.5)

“ —sdenotes shoulder. 6 Obtained by méthylation of XXI.

made alkaline with sodium bicarbonate, and the solid col-
lected; this gave 1.2 g. of 1V, m.p. 298°, after crystallization
from butanol.

Anal. Calcd. for CcHaNA- C, 48.0; H, 4.0. Found: C,
48.0; H, 4.2.

Its identity with the product obtained by the ring closure
of 11 with ethyl ort.hoformate was confirmed by infrared
and ultraviolet spectral analj'sis.

4,7-IHmethyl-6-oxo-1,2,3a,7-tetrazaimhne (V). (a) By meth-
ylation of IV. A mixture of 0.G g. of IV, 10 ml. of water, 0.2
g. of sodium hydroxide, and 0.3 ml. of dimethyl sulfate was
allowed to stand for 2 days. The product precipitated and
vias crystallized from water, giving 0.5 g. of V, m.p. 320°.

(b) By ring closure of VI. A solution of 0.0 g. of VI in
5 ml. of formic acid was refluxed for 2 hr. The formic acid
was evaporated and the residue crystallized from water to
give V, m.p. 320“.

Anal. Calcd. for CHAND: C, 51.2; H, 4.9; X, 34.0.
Found: C, 51.2; H, 5.0; N, 34.1.

(c) A solution of 12 g. of VI in 10 ml. of ethyl ortho-
formate was refluxed for 3 hr., after which the solution was
evaporated to dryness and the residue twice recrystallized
from water to give colorless crvstals, m.p. 320

Anal. Calcd. for CJTX.O: C, 51.2; H, 4.9; N, 34.0.
Found: C, 51.4; H, 4.9; N, 33.5.

X,6-Dimethyl-4-oxo-1,2,3a,7-tetrazaindenc  (VI11). A mix-
ture of 4.0 g. of 111, 35 ml. of water, and 1.75 g. of sodium
hydroxide was treated with 3.4 g. (2.5 ml.) of dimethyl sul-
fate and allowed to stand 4 days in an open beaker. The
precipitate was filtered oil and crystallized from ligroin
(b.p. 90-100°) to give VII, long needles, m.p. 100°. The
yield was 2.1 g.

Anal Calcd. for C,H»N,0: C, 51.2; H, 4.9; N, 34.0.
Found:C, 51.4; H, 5.0; N, 33.8.

2-Hydrazino-t,4-dimethyl-6-pyrimidone  (VI1).’1 A solu-
tion of 12 g. of I 4-dimethyl-2-methylmercapto-6-pyrimi-
done8and an excess of 95% hydrazine (G ml.) in 90 ml. of
butanol was refluxed for 5 hr. The mixture was chilled over-
night and filtered. The crude product (7.7 g.), m.p. 196-
198.5%, after one crystallization from alcohol, gave pure VI,
m.p. 198°.

Anal. Calcd. for Cr,HINiO: N, 30.3. Found: N, 3Gb5.

Isomeric x,6-dimethyl-A-oxo-1,3,Sa,7-telrazaindenes (VI11)
and (1X). To 15 g. of the sodium salt of I in 25 ml. of water
was added 12.9 g. (10 ml.) of dimethyl sulfate; the solution
became quite hot. After the latter had stood for 1 week,
about 4.0 g. was collected by filtration, m.p. 237-240; it was
recrystallized from dimethylformamide and gave VIII,
plates, m.p. 24G-248“. The original filtrate was treated with
sodium carbonate and evaporated to dryness. The residue
was extracted with hot dimethylformamide and filtered.1

% Ac/b
248 (7.0)
258(12.8) 315(3.7) 0.29
—300(1.2)"
—300(1.5)"
—264(18.4)a
—282(4.8)"

On cooling, the white crystals which separated were col-
lected and crystallized from butanol to give IX (1.5 g.),
m.p. 234-235°. This isomer is very soluble in water and
soluble in alcohol.

Anal. Calcd. for CHN®: C, 51.2; H, 4.9; N, 34.0.
Found: (VIII), C, 51.2; H, 4.9; N, 34 1; (IX), C, 51.2; H,
5.2;N, 34.2.

6-Methyl-2-mdhylmercapto-4-oxo-1,3,3a,7-tetrazaindene
(XVIII). A mixture o: 100 g. (0.67 mole) of 2-amino-5-
methylmereapto-1,2,4-triazole, 160 g. (1.2 moles) of ethyl
acetoacetate, and 500 ml. of acetic acid was refluxed for 5
hr. and allowed to stand overnight. The solid was collected
and recrystallized from water to yield 104 g. of product,
melting at 285-286°.
4-Melhyl-6-oxo-l,2,3a:7-htrazaindene-3-thiol  (X) and
6-meihyl-4-oxo-1,2,3a,7-telrazaindcne-3-thiol  (X1) from II.
The reaction was carried out using sodium hydroxide, or
trimethylamine, or sodium hydroxide and pyridine with
essentially the same results.

To a solution of 28 g. of Il in 80 ml. of water and 8 g.
of sodium hydroxide was added 140 ml. of pyridine, followed
by 152 g. (12 ml.) of carbon bisulfide. The mixture was
stirred for 15 min. and then heated on the steam bath for
15 hr. The solution was evaporated to d*ness in vacuo,
the residue dissolved in water, the solution acidified with
hydrochloric acid, and the solid collected. The solid was
extracted with 2 1 of water, filtered hot, and the filtrate
cooled. The insoluble material (11.5 g.) was X, m.p. 277-
279°, which can be recrystallized from a very large amount
of water (m.p. 280°). The solid that separated from the
filtrate on cooling was X1, which, after another recrystalliz-
ation from water, melted at 270-272°. The filtrates were
concentrated and cooled to yield more X| (total yield, 7.8 g.).

Anal. Calcd. for CEHrNAS: C, 39.5; H, 3.3; N, 30.8.
Found: (X1) 0. 39.4; H, 3.6; N, 30.8; (X) C, 39.2; H, 3.4;
iX 31.0.

6-Methyl-3-mcthyimercapto-4-oxo-1,2,3a, 7-tetra.zaindene
(XV). To a solution of 7.8 g. of XI in 200 ml. of water and
2.8 g. of sodium hydroxide, was added 5.4 g. of dimethyl
sulfate, with stirring. After it had been stirred 0.5 hr., the
solution was acidified with concentrated hydrochloric acid,
cooled in the refrigerator, and the solid collected and re-
crystallized from water to yield 7.5 g. of XV, m.p. 280-281 °.

Anal. Calcd. for CHAN4S C, 42.8; H, 4.1: N, 28.6.
Found C, 43.1; H, 4.0; N, 28.5.

4-ftfe/hyl-S-methylrnercapto-6-oxo-1,2,3a,7-telrazaindene
(X11). To a solution of 7 g. of X in 50 ml. of water and 1.6 g.
of sodium hydroxide was added 3.G ml. of dimethyl sulfate.
After it had been stirred 15 min., the solution was acidified
with concentrated hydrochloric acid and the solid collected
(m.p. 233-265%). Tlie solid was extracted with 200 ml. of
boiling water. The insoluble material and the material

(11)  We are indebted to Miss J. Fournier, for the prep- that separated from the filtrate were the starting material.

aration of the substances VI and VIII.

The filtrates from the reaction mixture and the recrystalli-
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zation were combined, concentrated to a small volume, and
cooled. The solid that separated was recrystallized from a
little water and then ethanol to yield 2 g. of X11, m.p. 254°.

Anal. Calcd. for CH&NLOS: C, 42.8; H, 4.1; N, 286.
Found: C, 42.8; H, 4.1; N, 28.7.

4.7-
mixture of 3.1 g. (0.033 mole) of VI and 3.0 g. (1.82 ml.) of
phen}d isothiocyanate in 50 ml. of methanol was refluxed
for 1hr. The precipitated product was collected by filtration
to give 3.0 g. of X1V, m.p. 318-320°, which was cystallized
from ethoxvethanol to give pure XIV, m.p. 320°.

Anal. Calcd. for C,HANAOS: C, 42.8; H, 4.1; N, 28.6.
Found: C, 42.7; H, 4.0; N, 28.8.

4.7-
(X111). () From XIV. A mixture of 1.7 g. of XIV, 15 ml.
of water, and 2 ml. of 50% sodium hydroxide solution was
treated, dropwise, with 1.5 ml. of dimethyl sulfate. The
reaction mixture solidified on shaking, and after it had stood
for 2 hr., the product was filtered off and crystallized from
ethanol to give 11 g. of fine, hairlike crystals, m.p. 218°.

Anal. Calcd. for CHINAOS: C, 45.7; H, 4.8. Found: C,
45.6; H, 4.7.

(b) From XII. To a solution of 5.5 g. of X1l and 1.5 g. of
sodium hydroxide in 50 ml. of water was added 3 ml. of di-
methyl sulfate, in portions, along with sufficient sodium
hydroxide to keep the solution strongly basic. After the solu-
tion has been stirred for 0.5 hr., it was acidified, cooled in
the refrigerator, and the solid collected and recrystallized
from ethanol to vield 2.2 g. of X111, m.p. 218-218.5°.

Anal. Calcd. for CHi,N4S: C, 45.7; H. 4.8; N, 26.6.
Found: C, 45.8; H, 4.9; N, 26.6.

6,7-T)imethyl-3-methylmercapto-4-oxo-1,2,3a,7-tetrazain-
dene (XVI). To a solution of 4 g. of XV and 1 g. of sodium
hydroxide in 100 ml. of water was added 2 ml. of dimethyl
sulfate. After it had been stirred for 1 hr., the solid was
collected and washed with water. Itecrystallization from
ethanol gave 2 g. of XVI, m.p. 195-196°.

Anal. Calcd. for CH,,NOS: C, 45.7; H, 4.8; N, 26.6.
Found: C, 45.6; H, 5.1; N, 26.8.

4-Methyl-3-phenyl-€-oxo-1,2,3a, 7-tetrazaindene (XX1). This
substance was obtained by five different procedures. The
identity of the products was shown by comparison of ab-
sorption curves. All but one were analyzed; the product from
Method D gave the following results:

Anal. Calcd. for CIHION4D: C, 63.6; H, 4.4; N, 24.8.
Found: C, 63.7; H, 4.4; N, 24.9.

Method A. A mixture of 5 g. of 2-hydrazino-4-hydroxy-6-
methylpyrimidine and 25 g. of phenyl benzoate was re-
fluxed for 3 hr. The mixture was steam distilled, the solid
residue collected, washed with ethanol, and recrystallized
from aqueous dimethylformamide three times, to vield 2.6
g. of XXI, m.p. >330°.

Method B. A mixture of 2.2 g. of 3-amino-5-phenyl-I,2,4-
triazole, 2 ml. of ethyl acetoacet.ate, and 10 ml. of acetic
acid was refluxed 3 hr., cooled, and the solid collected. Re-
crystallization from ethoxyethanol gave 2.5 g. of XXI,
m.p. >325°.

Method C. A mixture of 7 g. of 2-hydrazino-4-hydroxy-6-
methylpyrimidine and 100 ml. of ethyl orthobenzoate was
heated at 190-200° for 12 hr., during which time 8.5 ml. of
ethanol was collected (theoretical = 8 ml.). The dark solu-
tion was cooled and the solid collected and recrystallized
from ethoxyethanol to yield XXI. Attempts to work up the
reaction mixture in order to obtain another isomer were
unsuccessful.

Method D. A mixture of 4.6 g. of 2-benzalhydrazino-6-
methyl-4-pyrimidone and 9 g. of lead tetraacetate in 150
ml. of acetic acid was refluxed for 1 hr., and the solution con-
centrated and diluted with water. The solid was collected
and recrystallized from methanol to yield 3.5 g. of XXI,
m.p. >325°.

Method E. (a) 2-p-Benzhydrazido-4-hydroxy-6-methyl-
pyrimidinc. A mixture of 34 g. of 2-ethvimercapto-4-hy-
droxypyrimidine, 27 g. of benzhydrazide, and 500 ml. of
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ethanol was refluxed 24 hr., concentrated to about 100 ml.,
cooled, and filtered. The white solid, sintered at about 122°,
resolidified and remelted at 270-271 °.

(b) 4-Alethyl-3-phenyl-8-oxo-1,2,3a, 7-tetrazaindene (XXI).
Ten g. of the hydrazide and 25 g. of phenol were heated

Dimethyl-6-0xo-1,2,3a,7-letrazaindene-3-thiol (XIV). Ayn a steam cone for 1.5 hr., then refluxed for 4 hr. The phenol

was steam distilled; the solid residue was digested with 800
ml. of water and recrystallized from dimethylformamide.
One and seven-tenths g. of X X1 was obtained.

Raney nickel dethiolation of the methylmercapto derivative.
A mixture of 2 g. of the methylmercapto tetrazaindene
(XVII1), 2 g. of potassium carbonate, 2 teaspoons of com-
mercial Raney nickel, and 500 ml. of water was refluxed
hr., with stirring. The mixture was filtered hot, the Raney
nickel washed thoroughly with hot water, the filtrate acidi-
fied with nitric acid, and the tetrazaindene precipitated by
the addition of silver nitrate. The precipitated silver salt
was washed with water until neutral, suspended in 200 ml.
of boiling water, and luMrogen sulfide was passed through
the suspension until no more silver sulfide separated. The
hot mixture was filtered, the filtrate concentrated to 25 ml.,
treated with Norit, filtered, and cooled to yield 0.9 g. of
material melting at 278-279° that proved to be identical
with 6-methyl-4-oxo-1,3,3a,7-tetrazaindene (1).

Raney nickel dethiolation of the 3-thiol. In a similar manner,
0.7 g. of 6-methyl-4-oxo-1,3,3a,7-tetrazaindene (I) was ob-
tained from 2 g. of 6-methyl-4-oxo-1,3,3a,7-tetrazindene-2-
thiol (XVII).

Oxidative dethiolation of 3-mercapto-6-methyl-4-oxo-1,2,3a,7-
tetrazaindene (X1). To a solution of 10 ml. of concentrated
nitric acid and 15 ml. of water was added 2 g. of the mer-
capto compound XI. After the oxides of nitrogen were no
longer evolved and the solid was completely dissolved, the
solution was diluted with 275 ml. of water and silver nitrate
added. The silver salt was collected, washed free of acid with
water, suspended in 250 ml. of boiling water, and hydrogen
sulfide was passed through the suspension until no more silver
sulfide separated. The mixture was filtered and the filtrate
treated with Ncrit, filtered, concentrated to 25 ml., and
chilled, yielding 3.2 g. of solid, m.p. 248-250°, which proved
to be identical with a sample of 6-methyl-4-oxo-l,2,3a,7-
tetrazaindene (I11).

Attempted oxidative dethiolation of 6-methyl-4-oxo-1,3,3a,7-
tetrazaindem-2-th.iol. Two g¢. of the mercapto compound
XVII was added to 10 ml. of concentrated nitric acid and
15 ml. of water. The mixture was stirred at room temper-
ature until no more brown fumes were evolved, and the solid
was collected and washed with water. The solid was digested
with 250 ml. of boiling water and dried to yield 1.3 g. of
material, m.p. above 330°, which was considered to be the
disulfide.

Anal. Calcd. for CIHINSO,S,: C, 38.9; H, 2.2; N, 31.0.
Found: C, 39.3; H, 2.5; N, 31.1.

Dithiobiurea dibenzyl ether. Seventy-five g. (0.5 mole) of
dithiobiurea was dissolved in a solution of 48 g. of sodium
hydroxide in 800 ml. of water and 185 g. (1.1 moles) of
benzyl bromide was slowly added, with stirring, the tem-
perature being kept at about 15° by external cooling. The
mixture was stirred at room temperature overnight and the
solid was collected on a Biichner funnel and then recrystal-
lized from a mixture of benzene and ligroin (b.p. 90-100°).
Yield, 74 g. of the product as white plates, m.p. 88-89°.

Anal. Calcd. for CHHISN4S2 C, 58.2; H, 55; N, 17.0.
Found: C, 58.5; 3, 5.6; N, 17.1.

3-Amino-5-benzylmercapto-1,2,4-triazole. A mixture of 72
g. (0.22 mole) of the dibenzyl compound and 400 ml. of IV
sodium hydroxide solution was heated on the steam bath
with stirring for 8 hr. The mixture was filtered and the
cooled filtrate was neutralized with hydrochloric acid. An
oil separated which solidified on chilling. The solid was
collected, washed with water, and recrystallized from a mix-
ture of benzene and alcohol. Yield, 20 g. of product, m.p.
105-106°.
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Anal. Calcd. for CHINA: C, 52.4; E, 4.9; X, 27.2.

Found: C, 52.0; 11, 5.0; N, 20.9.

2-Hcnzylmcrcapto-6-melhyl-4-oxo-1,3,3a,7-tetrazaindene
(X1X). A mixture of 20 g. of the triazole and 15 ml. of aceto-
aeetic ester in 150 ml. of acetic acid was refluxed 5 hr. and
then cooled. The solid was collected and recrystallized from
ethanol. Yield, 15 g. of product, m.p. 252°.

Anal. Calcd. for CIHINAQ)S: C. 57.3; I, 4.4; N, 20.0.
Found: C, 57.4; H, 4.5; N, 19.9.

6-Methyl-4-oxo-1,8,3a,7-tetrazaindene-2-thiol (XVII). To a
solution of 0.5 g. of X1X in 200 ml. of liquid ammonia was
added small pieces of sodium until the blue color persisted.
The ammonia was allowed to evaporate at room temperature
and the residue was dissolved in water, filtered, and the
filtrate acidified with hydrochloric acid and chilled. The
solid was collected and recrystallized from water. Yield, 4.3
g. of product, m.p. 287-288°".

Anal. Calcd. for CeHAN4AOS: C, 39.5; II, 3.3; N, 30.8.
Found: C, 39.0; II, 3.3; N, 30.7.

A run in which acetic acid was used in place of hydro-
chloric acid for the neutralization yielded 3.5 g. of the so-
dium salt of the mercaptotetrazaindene, m.p. 310°, with
decomposition.

Anal. Calcd. for CAHIN4OSNa: C, 35.1; H, 2.9; N, 27.3.
Found: C, 34.8; Il, 2.7; N, 27.1.

7-Carbethoxy-6-methyl-2-melhylmercapio-4-oxo-1,8,8a, 7-
tetrazaindene (XX). A solution of 5 g. of G-methyl-2-methyI-
mercapto-4-oxo-1,3,3a,7-tetrazaindene (XVIII) in 1 g. of
sodium hydroxide and 50 ml. of water was evaporated to
dryness in racuo and to the residue was added 5 g. of ethyl

WILEY, CALLAHAN', JARROE, NIELSEN, AND WAKEFIELD

VOL. 25

chloroformate and 100 ml. of benzene. The mixture was
stirred at room temperature for 24 hr., heated to boiling,
filtered, and the filtrate chilled. The solid was collected and
recrystallized from benzene. Yield, 2.5 g. of product, m.p.
190-191°.

Anal. Calcd. for C,HIN4Z,S: C, 44.8; H, 4.5; X, 20.9.
Found: C, 44.6; H, 4.4; X, 21.2.

7-Carbethoxy-6-methyl-4-oxo-1,3,3a, 7-tetrazaindene
(XXXV) A mixture of 5 g. of the sodium salt of G-methyl-4-
oxo-1,3,3a,-7-tetrazaindene (1), 10 ml. of ethyl chloroformate
and 250 ml. of benzene was stirred 24 hr. at room tempera-
ture. The mixture was worked up as above to yield 2 g. of
product, m.p. 182-183°, with decomposition.

Anal. Calcd. for CH,UIN4A)3: C, 48.0; Il, 4.5; X, 25.2.
Found: C, 48.5; H, 4.5; X, 24.8.

Dethiolation of 7-carbethoxy-6-methyl-2-methylmercapto-
1,3,3a,7-tetrazaindene. A mixture of 2 g. of the tetrazindene
XX, 2 teaspoons of Raney nickel, and 500 ml. of absolute
ethanol was refluxed 4 hr. The mixture was filtered hot and
the Raney nickel extracted with 500 ml. of hot alcohol.
The combined alcohol solutions were evaporated to 25 ml.
and chilled. Yield, 0.4 g. of G-methyl-4-0.x0-1,3,3a,7-tetra-
zaindene, (1).

Acknowledgment. We are indebted to Dr. D. W.
Stewart and Miss T. J. Davis, Rochester, and Mr.
B. S. Goode, Harrow, of these Laboratories, for the
absorption spectra.
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Four pyridine analogs of p-terphenyl and two of p-quaterphenyl have been synthesized for evaluation as scintillation

solutes.

p-Terphenyl and its derivatives have been ex-
tensively studied as scintillation solutes.1 A limita-
tion on the usefulness of polyphenyls *hemselves for
this purpose is their low solubility in toluene, the
commonly used solvent. Although pyridine analogs
of the polyphenyls offer a class of possible alterna-
tives for use as scintillators, only a few such com-
pounds are known. Of the twenty-five possible
pyridine analogs of p-terphenyl, only four are re-
ported in the literature. 4-(2-Pyridyl)biphenyl
(1), 4-(3-pyridvl)biphenyl (I1), and 4-(4-pyridyl)~
biphenyl (I11) have been synthesized by the re-
action of the (V-nitrosoacctamidophenyl)pyridines
with benzene.2The 2- and 4-isomers have also been
prepared by the reaction of p-phenylbenzenediazo-
nium chloride with pyridine.2 An unseparated mix-
ture of the six p-dipyridylbenzenes has been pre-
pared3 by the reaction of a mixture of diazotized

(1) F. N. Hayes, D. G. Oft, V. N. Kerr, and B. S. Rogers,
Nucleonics 13, #12, 38 (1955).

(2) 1. M. Heilbron, 1). H. llev, and A Lambert, J. Chem.
Soc., 1279(1940).

Il v

p-aminophenylpyridines with pyridine. None of the
2,5-diphenylpyridylpyridines or 2,5-dipyridylpy-
ridines is known and no pyridine analogs of p-
quaterphenyl are recorded. We wish to report at
this time the results of a study of the synthesis and
scintillation properties of some compounds of this
type.

We have recently reported4the synthesis of 2,5-
diphenylpyridine (1V), m.p. 174°, by the reaction
of phenyllithium with 3-phenylpyridine. The
structure of the product was proved by an alterna-

(3) A Il. Cook, I. M. Heilbron, D. 11 Hey, A. Lambert,
and A. Spinks, J. Chem. Soc., 404 (1943).

(4) R. H. Wiley, C. H. Jarboe, P. X. Callahan, and J. T.
Nielsen, J. Org. Chem., 23, 780 (1958).
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tive synthesis involving permanganate oxidation of
3-phenylbenzo(f)quinoline. Complete details of
these experiments are given here. The p-dimethyl-
arnino analog has been prepared using p-dimethyl-
aminophenyllithium to evaluate the effect of the
dimethylamino group on scintillation properties.
The 3-phenylpyridine used in these reactions was
prepared by a new method. Cyclohexanone was
treated with 3-pyridyllithiumb and the product
was dehydrated to give 3-(1-cyclohexenyl)pyridine
in 77% vyield. Dehydrogenation with sulfur or,
better, with palladium on alumina at 360° gave
3-phenylpyridine in 50% yield.

We have synthesized and characterized three
p-dipyridylbenzenes (V, VI, VII). p-Nitroaniline
was diazotized and treated with pyridine6 and

Vi

the resulting 2-, 3-, and 4-(p-nitrophenyl)pyridines
were separated by fractional crystallization of the
bases and their salts. The structures of the (p-
nitrophenyl) pyridines have been established.6 The
p-nitrophenvlpyridines were reduced to the cor-
responding p-aminophcnylpyridines with tin and
hydrochloric acid. If three p-dipyridylbenzenes
could be isolated from the reaction of each of the
p-aminophcnylpyridines with pyridine, the struc-
tures of the six isomeric products would be estab-
lished. We have isolated three compounds from
these reactions and some conclusions as to their
structures have been established.

From the reaction of 2-(p-aminophenyl)pyridine
we have isolated two compounds, m.p. 147-148°
and 196-197°; from 3-(p-aminophenyl)pyridine
one compound, m.p. 131-132°, and from 4-(p-
aminophenyl)pyridine one compound, m.p. 196-
197°. Elementary analyses confirmed that these
compounds are dipyridylbenzenes. The two ma-
terials, m.p. 196-197°, were identical on the basis
of mixed melting points and infrared absorption
characteristics. From the starting materials in-
volved, this product can be only p-di-(2,4-pyridyl)-
benzene (VII). The other two products can be
tentatively assigned 2-substituted structures since
homolytic substitution of the pyridine ring normally
takes place in the 2-position2378and the 3-isomer
is usually most difficult to isolate.281t is probable,

(5) II. Gilman and S. M. Spatz, J. Am. Chem. Soc., 62,
446(11)40).

(6) J. W. Haworth, I. M.
J. Chem. Soc., 349 (1940).

(7) 1. H. Hey, 1 M. Stirling, and G. Il. Williams, J.
Chem. Soc., 3063 (1955).

(8) E. C. Butterworth, I. M. Heilbron, and D. Il. Hey,
/. Chem. Soc., 357 (1940).

lleilbron, and D. H. Hey,

PYRIDINE ANALOGS OF p-TERPHF.XYL

367

therefore, that the compound, m.p. 147-148°, is
p-di-(2,2-pyridyl)benzene (V) and that the com-
pound, m.p. 131-132°, is p-di-(2.3-pvnd\T)benzene
(VI).

The physical properties of these dipyridylben-
zenes are consistent with the assigned structures.
Thus, the melting points of the 2,2- and 2,3-
isomers arc both lower than that of the 2,4- isomer.
The 4-isomer is generally the highest melting of
a series.8 The ultraviolet spectrum of the 2,2-
isomer (m.p. 147-148°) differs greatly from that of
p-terphenyl, whereas those of the other compound
are less different. Pyridine analogs of p-polvphenyls
also show abnormalities when 2-pyridyl nuclei
are present. The ultraviolet spectra are discussed
in more detail below. The infrared spectra of the
p-dipyridylbenzenes are complex and do not pro-
vide further information on the identity of the
isomers. Detailed studies have been made911
of the infrared spectra of substituted pyridines in
the 1600 cm.“1to 1000 cm.“1 region (chloroform
solution). The correlations so established are useful
in simple cases but are of little value for structural
assignments in compounds with more than one
type of pyridine substitution. The p-dipyridyl-
benzenes show strong bands in the 900 cm.“1to
600 cm.“1 regions (potassium bromide disk),
which can be assigned to out of plane hydrogen
vibrations. Although assignments consistent with
those for simple pyridines can be made, these are
not sufficiently characteristic to serve as a proof of
structure. These infrared spectra are discussed in
more detail below.

Several attempts have been made to provide
further confirmation of the identity of the sup-
posed 2,2- and 2,3-isomers by degradation or by
alternative synthesis. The 2,2-isomer (m.p. 147—
148°) was recovered unchanged after heating with
alkaline permanganate for 48 hours. In order to
facilitate oxidation of the central ring, the com-
pound was nitrated and the nitro-compound was
reduced to the amine. Permanganate oxidation of
the amine gave insufficient amounts of pyridine-
carboxylic acids to be identified. Attempted syn-
thetic routes utilized 2-(p-bromophenyl)pyridine
and 2-(p-iodophcnyl)pyridine prepared from 2-(p-
aminophenyl) pyridine.82-(p-Bromophenyl) pyridine
did not react with lithium. It has been reported that
this compound does not form a Grignard reagent.3
The aryllithium was formed normally, however,
by metal exchange between n-butyllithium and
2-(p-bromophenyl) pyridine, but reaction of the
p-(2-pyridyl)phenyllithium with pyridine gave
only tars from which no identifiable products could
be isolated. p-Di-(2,2-pvridyl)benzene was not

(9) A R, Katritzky and J. X. Gardner, J. Chem. Soc.,
2198(1958).

(10) A It. Katritzky and A R. Hands, J. Chem. Soc.,
2202(1958).

(11) A li. Katritzky, A. It. Hands, and R. A. Jones,
J. Chon. Soc., 3165 (1958).
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formed by mixed Ullman reactions.. between
2- (p-bromophenyl) pyridine or
pyridine and 2-bromopyridine. Even under condi-
tions which converted the :-bromopyridine to a
tarry product, halophenylpyridine could be re-
covered. An attempt to synthesize 1-(2-pyridyl)-
4-(4-methylpyridyl) benzenes by coupling diazo-
tized :-(p-aminophenyl)pyridine with - -picoline
gave tars.

Two pyridine analogs of p-quaterphenyl have
been synthesized: 4-(:-pyridyl)-p-terphenyl (VIII)
and 2-(4-biphenylyl)-5-phenylpyridine (1X). Ni-
tration of biphenyl with concentrated nitric acid

IX

at 45° gave 4,4'-dinitrobiphenyl .z This was re-
duced to 4-amino-4%nitrobiphenyl with sodium
polysulfidew.s and the product was diazotized and
coupled with pyridine. The only product isolated
was 4-nitro-4/-(2-pyridyl)biphenyl, m.p. 214-215°
(lit: m.p. 213°). This compound was reduced
to the amine with stannous chloride. and the amine
was acetylated. Treatment of the 4-acetamido-4'-
(2 -pyridyl) biphenyl with nitrosyl chloride gave

4- (N - nitrosoacetamido) -4'- (> -pyridyl) biphenyl.

This compound with benzene gave 4-(2-pyridyl)-
p - terphenyl (VIII), m.p. 269-270°. 2 - (4 - Bi-
phenylyl)-5-phenylpyridine (1X) was prepared by
a method similar to that used for 2,5-diphenyl-
pyridine. Metal exchange between n-butyllithium
and 4 - bromobiphenyl gave 4 - biphenyllithium,
which with 3-phenylpyridine gave the product
m.p. 274-275°.

Scintillation data for some of the compounds de-
scribed above and for some related compounds are
recorded in Table I. The general conclusion drawn
from these results is that while the introduction of a
pyridine nucleus into a polyphenyl does increase its
solubility in toluene, this advantage is over-
shadowed by a great reduction in scintillation re-
sponse. The reduction is greater for a non-terminal
pyridine (as in 2,5-diphenylpyridine and 2-(4-bi-
phenylyl)-5-phenylpyridine than for a terminal py-
ridine (as in 4-(2-pyridyl)biphenylyl)-5-phenylpy-
ridine. As was expected, s the introduction of a p-di-
methylamino group into 2,5-diphenylpyridine pro-
duced apronounced increase in scintillation response.

(12) F. H. Burstall, J. Chem. Soc., 1666 (1938).

(13) H. C. Gull and E. E. Turner, J. Chem. Soc., 494
(1929).

(14) R. Belcher, A. J. Nutten, and W. I. Stephen, J.
Chem. Soc., 1334(1953).

(15) F. N. Hayes et al., Survey of Organic Compounds as
Primary Scintillation Solutes; a Status Report, U.S.A .E.C,,
1958.
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TABLE |
Scintillation Datall
Solubility
Concen- g./l. in
tration toluene
Compound RP.HO g./b at 25°
p-TerphenyF 094 3 8
4-(2-Pyridyl)biphenylr 012 3
2,5-Diphenylpyridine <0.10 3 13
2-(p-Dimethylamino-
phenvl)-5-phenylpvri-
dine 094 3
p-Di(2,4-pyridyl benzene <0.10 3
p-Quaterphenyl <1
4-(2-Pyridyl )-p-terphenyl 0.70 1.02 1.02
2-(4-biphenyljd)-5-phenyl-
pyridine 0.41 1.8 1.8

° Data obtained by Dr. F. N. Hayes and co-workers.
s Pulse height relative to solution of 3 g./I. of 2,5-diphenyl-
oxazole in toluene. c See ref. (15).

Ultraviolet absorption data have been recorded:s
for the 4-pyridylbiphenyls. The synthesis of fur-
ther analogs of p-terphenyl makes possible some
further correlations of the spectra of these com-
pounds. Relevant information is recorded in Table
I1. It has been pointed outis that the spectra of the
pyridine analogs of biphenyl and terphenyl are
generally similar to those of the hydrocarbons but
show a tendency to absorb at slightly longer wave
lengths. Compounds containing 2-pyridine rings

TABLE I
Uiltraviolet Absorption Spectra
1ex
Compound mu log e Solvent*  Ref.
Biphenyl 250 4.26 E 17
2-Phenylpyridine 2455 4.10 E 16
2755 4.05
3-Phenylpyridine 246 4.24 E 16
275sh
4-Phenylpyridine 257 4.20 E 16
2,2'-Bipyridine 237 4.04 H 16
281 4.16
4,4'-Bipyridine 2385 4.10 H 10
p-Terphenyl 276 4.45 H 16
4-(2-Pyridyl)biphenyl 292 4.66 H 16
4-(3-Pyridyl )biphenyl 279 4.49 H 16
4-(4-Pyridyl)biphenyl 279 453 H 16
2,5-Diphenylpyridine 271 4.20 E
289.5 4.24
p-Di(2,2-pyridyl)benzene 262 4.34 M
295 464
p-Di(2,3-pyridyl )benzene 260sh M
290 457
p-Di(2,4-pyridyl)benzene 255sh M
290  4.46
2-(4-Biphenylyl }-5- 280sh  4.47 M
phenylpyridine 307 4.63

“The letters stand for the following solvents: E, ethanol;
H, hexane; M, methanol.

(16) A. E. Gillam, D. H. Hev, and A. Lambert, J. Chem.
Soc., 364(1941).

(17) A E. Gillam and D. H. Hey, J. Chem. Soc., 1170
(1939).
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TABLE Il
Infrared Maxima in the 900 cm. 1to 050 cm.-1 R egion
One Two Three Four Five
T Hydrogen Hydrogens Hydrogens Hydrogens Hydrogens
Normal range of vibrations 900-800 cm.“1 860-800 cm.“1 810-750 crn.“1 770-735 cm.-1 770-730,
710-695 cm.-1
Compound
Pyridine
2-Picoline 755
3-Picoline 790
4-Pieoline 800
3-Phenylpyridine 807m 753vs(707s)-G93s
4-(2-Pyridyl)biphenyl 840s 784m 752vs(708m)-G82 vs
4-(4-Pyridyl )bipheny1 842s, 804s 701vs(701s)-G88vs
2,5-Diphenylpyridine 904w 834m 749vvs(734s)-681vs
2-(4-Biphenyl3d)-5-phenyl-
pyridine 907m 850w, 827vs 780w 750w s ( 749sh)-685vs
p-Di§2,2-pyridyI)benzene 801s 770wvs (744w, 720w)
p-Di(2,3-pyridyl (benzene 848m 795m 774vs (740w, 724w, 703s)
p-Di(2,4-pyridyl (benzene 800m, 818vs 779vvs (738m, 711s)

* Bands in parentheses correlated with presence of pyridine nucleus. See ref. (IS).

were however, abnormal. Thus, for example, 2,2'-
bipyridine showed two absorption maxima. 4-
(2-Pyridyl) biphenyl absorbed at a much longer
wave length than did the 3-pyridyl- and 4-pyridyl-
isomers. The fact that the p-dipyridylbenzene which
has been assigned the 2,2 structure give two max-
ima, one at the same wave length as that of the ab-
sorption maximum of 4-(2-pyridyl)biphenyl, tends
to confirm its identity. The other two isomers syn-
thesized have very similar spectra with a pro-
nounced maximum at the same wave length as that
of 4-(2-pyridyl)biphenyl, and a shoulder at lower
wave length. This suggests that both have one 2-
substituted and one other pyridine ring and hence
tends to confirm the identity of the supposed 2,2-
isomer. 2,5-Diphenylpyridine has maxima both at
the “normal” p-terphenyl frequency and at the
“abnormal” 2-pyridine analog frequency.

Infrared absorption maxima and their approxi-
mate intensities for some pyridine analogs of poly-
phenyls and some related compounds in the 900
cm.“1to 650 cm.“1region are given in Table IlI.
Maxima in this region have been correlated@with
out of plane vibrations of different numbers of ad-
jacent hydrogen atoms in aromatic nuclei. The
ranges in which the maxima normally fall are indi-
cated in the Table I11. While it is generally easy to
correlate bands in the spectra of known compounds
with the number of adjacent hydrogen atoms pres-
ent, it is less easy to deduce the structure of an un-
known compound from the maxima. For example,
the band at 800 cm.“1in 4-picoline is clearly due to
the vibration of two adjacent hydrogens but a band
at this frequency in an unknown compound might
be due to two or to three adjacent hydrogens.
Correlation appears to be particularly difficult when
pyridine, as well as benzene nuclei are present, as
in these cases bands may be found at the extremes

of, or outside, their normal ranges. A band in the
710-730 cm.“1range has been correlated with a
pyridine nucleus.18 The proposed correlations for
the maxima given by the analogs of the polyphen-
yls are indicated by their positions in Table I11.

EXPERIMENTAL

Ultraviolet, spectra were measured with a Beckman
DK-2 recording spectrophotometer using spectral grade
methanol or ethanol as solvent. Infrared spectra were run
on a Baird recording double beam spectrometer in potas-
sium bromide d;sks unless otherwise stated. Melting points
were measured in open capillaries and are uncorrected. The
authors are indebted to Drs. F. N. Hayes, D. G. Ott, and
Miss E. Hansburv of the Los Alamos Laboratories for the
pulse height measurements.1Analyses by Micro Tech Labo-
ratories, Skokie, 111

3-(I'-Cyclohexenyl)pyridine. n-Butyllithium was prepared
from lithium (4.4 g.) and 1-bromobutane (40 g.) in 350 ml.
of dry ether. The mixture was cooled in a Dry ice-acetone
bath and to it was added 3-bromopyridine (30 g.) and cyclo-
hexanone (28.0 g.). After 3 hr., the reaction mixture was
warmed to room temperature, poured onto ice water, and
steam distilled to remove reactants. The residue was ex-
tracted with ether and the ether extracts dried and distilled
to give a crude product, b.p. 260-208°. Refractionation
gave 21 g. (77%) of the product, b.p. 98-101 °/2 mm. w5
1.5083.

~Inal. Calcd. for CnHIN: C, 82.97; Il, 8.23. Found: C,
82.68; H, 8.35.

3-Phenyipyridine. By dehydrogenation with sulfur. Sulfur
(4.5 g.) and 3-(l-cyclohexenyl)pyridine (12.0 g.) were heated
under reflux for 2 hr. The mixture was distilled to give 4.5
g. (39%) of 3-phenvlpyridine, b.p. 273-274°, n'J 1.6142
(lit. »b.p. 117-118% mm.; n25 1.6123).

By dehydrogenation over palladized alumina. A Pvrex tube
(6 mm. X 40 cm.) was packed with alumina pellets (1 X3
mm.; 15 g.) on which 0.5 g. of palladium had been precipi-
tated. The tube was heated electrically to 300°. Nitrogen
was passed through the tube at a rate of 25 ml./min. (at
exit). 3-(1-Cycohexcnyl(pyridine was distilled into the
nitrogen stream and the product was condensed at the exit
of the tube. Fractionation gave 0.5 g. (50%) of 3-phenyl-
pyridine from 1 g. of 3-(I-cyclohexenyl)pvridine.

(19) C. P. Farlev and E. L. Eliel, J. Am. Client. Soc., 78,

(18) L. J. Bellamy, The Infra red Spectra of Complex
3481(1956).

Molecules, 2nd. ed., Wiley, New York, 1958.
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3-Phenylpyridine was also prepared by oxidation of
bonzo(f)quinoliite with permanganate, followed by de-
carboxylation of the product;20-2 and by coupling A'-nitro-
soacetanilidc with pyridine.19

2-
prepared from 0.15 g. of lithium and 1.0 g. of bromobenzene
in 150 ml. of ether was added to a solution of 2.55 g. of
benzo(f)quinoline in 150 ml. of dry ether in an atmosphere
of nitrogen. The mixture was stirred for 10 hr., and poured
into excess cold dilute hydrochloric acid. The ether layer
was evaporated and the residue was recrystallized three
times from dilute hydrochloric acid to give the hydrochloride
of the product, m.p. 215-225° (dec.). The free base (2.4 g.;
80%) was liberated by treating the hydrochloride with di-
lute aqueous sodium hydroxide and recrvstallized from
ethanol, m.p. 188-188.5° (lit.Zm.p. 188°). "

2,5-Diphenylpyridine. From 3-phenylpyridine. A solution
of phenyllithium in ether (150 ml.) prepared from bromo-
benzene (2.71 g.) was added to a solution of 3-phenylpyridine
(2.50 g.) in dry ether (150 ml.). The mixture was stirred for
24 hr. at room temperature. Water (30 ml.) was added and
ether was removed and the residue recrystallized from
ethanol to give 2,5-diphenylpyridine (0.95 g.; 2G%), m.p.
174-175° (undepressed on admixture with material pre-
pared from 2-phenylbenzo(f)quinoline; see below).

Anal. Calcd. for CnlluN: C, 88.28; H, 5.07; N, 6.06.
Found: C, 88.09, 88.18; Il, 5.79, 5.89; N, 6.: 2, G.10.

From 2-phenylbenzo{j)(iuinoline. Finely divided 2-phenyl-
benzo(f)quinoline (1.6 g.) was suspended in a solution of
sodium hydroxide (0.87 g.) in water (700 ml.). The solution
was heated to 90-100°, potassium permanganate (2.26 g.)
was added in portions and the suspension was stirred at
90-100° for 4 days. The suspension was filtered and the
filtrate was made neutral to phenolphthalein with dilute
sulfuric acid and concentrated to 2.5 ml. Ethanol (40 ml.)
was added, and the precipitated potassium sulfate was re-
moved by filtration. The solution was evaporated to dryness
and the residue was recrystallized from benzene to give
3-(o-carboxyphenvl)-6-phenyl-2-carboxvpyridine (1.6 g.
85%), m.p. 196> (dec.) (lit.2L m.p. 196°). pK, 5.62, pKb
8.16. Mol. wt.: Calcd., 319; found (by titration), 320.5.

3-  (0-Oarboxyphenyl)-6-phenyl-2-carboxypyridine (1.5
was heated to 200° for 25 min. Carbon dioxide was evolved.
The residue was recrystallized from et.harol to give 5-(o-
carboxyphenyl)-2-phenylpyridine (1.2 g.; 92%), m.p. 195—
196° (depressed to 140-151° on admixture with 3-(o-car-
boxyphenyl)-6-phenvl-2-carboxypyridine).

Anal. Calcd. for C18H|3NO-: C, 78.53; H, 4.76. Found: C,
78.40; 11, 4.68.

5-(o-Carboxyphenyl)-2-phenylpyridine (0.3 g.) was ground
with a large excess of copper dust, and the mixture was
heated to redness in a copper test tube. The residue was
extracted with benzene. The benzene was evaporated and
the residue was recrystallized from ethanol to give 2,5-di-
phenylpyridine (0.2 g.; 60%), m.p. 174°.

Ultraviolet absorption: \nmex271 m” (log e 4.20), 289.5 m"
(log & 4.24). Relative pulse height <0.10.

2-(p-limelhylaminophenyl)-5-pheny!pyrid'ne. A solution
of p-dimethvlaminophenyllithium prepared from p-dimeth-
ylaminobromobenzene (2 g.) was added to a solution of 3-
phenylpyridine in dry ether. The reaction mixture was
allowed to stand for 3 days in an atmosphere of nitrogen
and was then poured into excess dilute hydrochloric acid.
The ether was evaporated and the solution was neutralized
with aqueous sodium hydroxide and extr: eted four times

(20) Z 11. Skraup and A. Cobenzvl, Monatsh., 4, 450
(1884).

(21) z 1I. Skraup and A. Cobenzvl, Monatsh., 4, 442
(1884).

(22) Z Il. Skaup and A. Cobenzvl, Monatsh., 4, 456
(1884).

(23) O. Dobner and P. Knutze, Ann. 248, 133 (1888).

(24) R. Ciusa, Gazz. chim. Hal,, 46, 1, 13) (1916).
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with 50-ml. portions of hot benzene. The benzene was
evaporated, and the residue was recrystallized from ethanol
to give 2-(p-dimethylaminophenyl)-5-phenylpyridine, (0.39
g.; 15%), m.p. 201 °.

Phenylbenzo<J)<iuinoline. A solution of phenyllithium Anal. Calcd. for CV.UEN2, C, 83.17; II, 6.61. Found: C,

83.12; 11, 6.96.

Ultraviolet absorptionl Xrax 240.5 tap (log. £ 3.88),
335mju (log £ 4.32).

Relative pulse height 0.94.

p-Nitrophenylpyridines. A mixture of p-nitrophenylpyri-
dines was prepared by the coupling of diazotized p-nitro-
aniline and pyridine using the method previously described.6
Fractional recrystallization of the hydrochlorides and of the
nitrates gave 2-(p-nitrophenyl)pvridine (36% yield from p-
nitroaniline) m.p. 130-131° (lit,6 m.p. 130-131°) and 3-(p-
nitrophenylpyridine (15% yield), m.p. 146-147° (lit.6 m.p.
146-147°). Fractions thought to contain a high proportion
of the 4-isomer were combined and converted to the picrates.
These were readily separated by fractional recrystallization
from acetone into a more soluble picrate, m.p. 157-160°
(mainly the 2-isomer; lit.3m.p. 168°) and a less soluble pic-
rate, m.p. 225-227° (dec.) (lit.6 m.p. for picrate of 4-(p-
nitrophenyl)pyridine, 228-229°). Treatment of the less
soluble picrate with aqueous sodium hydroxide gave 4-(p-
nitrophenyl)pyridine (5% vyield from p-nitroaniline), m.p.
122- 124° (lit.'m.p. 122-123°).

p-Aminophenylpyridines. The 2-, 3- and 4-(p-nitrophenyl)-
pyridines were reduced to the corresponding p-aminophenyl-
pj'ridines with tin and hydrochloric acid,5in 86%, 60%, and
40% vyields respectively. 2-(p-Aminopheny])pyridine, m.p.
96-97° (lit.Zm.p. 97-98°); 3-(p-aminophenyl)pyridine, m.p.
99-101° with water of crystallization, 116-118° anhydrous
(lit.Bm.p. 102-104°; 116-118°); 4-(p-aminophenyl)pyridine,
m.p. 232-233° (lit,5m.p. 232-234°).

p-Dipyridylbenzenes. From 2-(p-aminophemyl)pyridine. 2-
(p-Aminophenyl)pyridine (14.5 g.) was dissolved in concen-
trated hydrochloric acid (55 ml.) and water (25 ml.). The
solution was cooled to 0° (some hydrochloride crystallized)
and the temperature was kept below 5° while a solution of
sodium nitrite (7.0 g.) in water (15 ml.) was added slowly,
with stirring. The solution was stirred for 15 min. and added

g.Jo pyridine (250 ml.) with stirring at such a rate that the
temperature of the solution was maintained at 35-40°. The
solution was heated to 80° for 30 min., cooled, and poured
into cold water (2.5 1). The resulting suspension was filtered
and the solid was washed free from pyridine with cold water
and air dried. The product (16 g.), m.p. 110-136°, was dis-
solved in ethanol (70 ml.). A small amount, of insoluble mate-
rial was discarded. The solution was progressively concen-
trated and diluted with water to give four fractions of crys-
talline material, m.p. 150-153° (1.6 g.), 159-163° (0.6 g.),
123- 125° (7.8 g.) and 103-108° (1.2 g.): total weight 11.2 g.

The fraction m.p. 159-163° was chromatographed on acid
alumina (Woelm, Grade 1) using dry benzene as solvent.
The chromatogram consisted of several colored and/or
fluorescent bands which were eluted with benzene/ethanol
mixtures. Ethanol (1%)/'benzene eluted a blue fluorescent
band; evaporation of the eluate gave an almost colorless,
crystalline solid, (14 mg.), m.p. 146-148°. Ethanol (5%)/
benzene eluted intermediate colored bands and a yellow-
fluorescent band; evaporation of the eluate gave brown tars
and semisolids (from the intermediate bands) and a yellow
crystalline solid. (50 mg.), m.p. 191-193° (from the fluores-
cent band). Higher proportions of ethanol eluted further-
tarry materials.

Chromatography of the other fractions gave similar re-
sults but with different proportions of the two crystalline
products. The intermediate fractions and the tarry residues
were combined and rechromatographed. Tars, and further
small amounts of the materials ahead}’ isolated, were ob-
tained but, no additional compounds.

(25)
(1926).

R. Forsvth and F. L. Pvman, J. Chem. Soc., 2912
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Compound (V) m.p. 146-148° (estimated yield 30%) was
reerystallized from acetonitrile to give white platelets, m.p.
147-148°.

Anal. Calcd. for CiAH12X2 X, 12.06. Found: 12.16.

Ultraviolet absorption. Xm» 262 my (log e, 4.34), 295 my
(log e 4.64).

The compound m.p. 191-193° (estimated yield 5%) was
recrystallized from toluene, giving p-di-(2,4-pyridyl)benzene
(VI), m.p. 196-197° (undepressed on admixture with ma-
terial from 4-(p-aminophenyl )pyridine).

Anal. Calcd. for Ci6HI2X2: X, 12.06. Found: 12.23.

Ultraviolet absorption. Xmx 255 my (shoulder), 290 nifu
(log e 4.46). Relative pulse height <0.10.

From 3-(p-0.minophenyl)pyridine. 3-(p-Aminophenyl)pyri-
dine (anhydrous; 5.5 g.) was diazotized and coupled with
pyridine as described above for 2-(p-aminophenyl)pyridine.
The product was recrystallized from aqueous ethanol to
give two fractions each having m.p. ~120° (indefinite)
(combined weight 4.5 g.). The fractions were combined and
the mixture (0.50 g.) was chromatographed as described
above. Ethanol (1%)/benzene eluted a pale orange, crystal-
line solid (0.29 g.; estimated jield 35%), m.p. 126-128.5°.
Rechromatography of materials from the remainder of the
eluate gave further small amounts of this material but no
additional pure compounds. The crystalline product was
recrystallized from acetonitrile to give the pure p-dipyridyl-
benzene (V1) as white crystals, m.p. 131.5-132°.

Anal. Calcd. for CidH12X2: X, 12.06. Found: X, 12.04.

Ultraviolet absorption. Y& 260 nip (shoulder), 290 my
(log € 4.57).

From 4-(p-aminophenyl)pyridine. 4-(p-Aminophenyl(pyri-
dine (0.8 g. was diazotized and coupled with pyridine as
described above for 2-(p-aminophenyl)pyridine. The product
(0.6 g.) had m.p. 187-194°. The product (112 mg.) was chro-
matographed as described above. Ethanol (3%)/benzene
eluted an almost white, crystalline solid (51 mg.; estimated
yield 24%), m.p. 196-197° (VII) (undepressed on admix-
ture with material from 2-(p-aminophenyl(pyridine) with
infrared spectrum identical with that of material from 2-(p-
aminophenyl(pyridine. Rechromatography of materials from
the remainder of the eluate gave further small amounts of
p-di(2,4-pyridyl)benzene and a little higher-melting mate-
rial. All attempts to obtain a pure compound from this
material were unsuccessful.

4-Nitro-4'-(2-pyridyl)biphenyl. Biphenyl (60 g.) was ni-
trated with concentrated nitric acid at 45°13 to give 4,4'-
dinitrobiphenyl (29 g.; 31%), m.p. 225-230° (lit.13 m.p.
239-243°). 4,4'-Dinitrobiphenyl (29 g.) was reduced to 4-
amino-4'-nitrobiphenyl (13 g.; 52%), m.p. 201-203° (lit. 4
m.p. 198°) with aqueous sodium polysulfide. ¥4 4-Amino-4'-
nitrobiphenyl (13 g.) was dissolved in glacial acetic acid
(80 ml.) and the solution was cooled to 10°. Finely divided
sodium nitrite (3.9 g.) was added over 15 min. with vigorous
stirring with the temperature below 15°. The solution was
stirred for 15 min. and added to pyridine (200 ml.) at such
a rate that the temperature was maintained at 35-40°.
The solution was heated on a steam bath for 30 min. and
poured into water (1500 ml.). The solution was filtered and
the solid was washed and air-dried. The product (14.5 g.)
was systematically fractionally reerystallized from toluene.
The only 4-nitro-4'-pyridylbiphenvl isolated was the 2-
isomer (1.9 g.; 11%), m.p. 214-215° (lit.2m.p. 213°).

4-12-Pyridyl)-p-terphenyl.  4-Xitro-4'-(2-pyridyl)biphenyl
(1.7 g.) was reduced by stannous chloride in hydrochloric
acid2to 4-amino-4'-(2-pyridyl(biphenyl (1.1 g.; 73%), m.p.
192-193° (lit..2 m.p. 191-192°). 4-Amino-4'-(2-pyridyl)bi-
phenvl (1.1 g.) was acet.ylated with acetic anhydride2to give
4-acetamido-4'-(2-pvridvl(biphenvl, (0.9 g.; 70%), m.p.
235-237° (lit.2m.p. 236-237°).

4-Acetamido-4'-(2-pyridyl)biphenyl (0.9 g.) was sus-
pended in glacial acetic acid (5 ml.) and acetic anhydride
(3 ml.). Anhydrous potassium acetate (1 g.) and phosphorus
pentoxide (few mg.) were added. The solution was cooled
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to 5° and stirred as a mixture, of redistilled nitrosyl chloride
(0.6 g.) and acetic anhydride (0.6 g.) was added dropwise.
The solution was stirred for 15 min. and poured into ice
water (50 ml.). The mixture was extracted with benzene
(50 ml.), treated with sodium carbonate, and again ex-
tracted with benzene (50 ml.). The benzene extracts were
combined, washed once with water, and allowed to stand
overnight over anhydrous sodium sulfate. The benzene -wes
distilled and the residue (0.8 g.) was chromatographed
on acid alumina. Ethanol (2%)/benzene eluted material
which was reerystallized from benzene to give 4-(2-pyridyl)-
p-terphenyl (0.10 g.; 11%). Further recrystallization gave
pure material, m.p. 269-270°.

Anal. Calcd. for CaHnN: C, 89.86; H, 5.58. Found: C,
89.80; H, 5.72.
) R;elative pulse height 0.70 at 1.02 g./l. (saturated solu-
tion).

2-(p-Biphenylyl)-5-phenylpyridine (1X). The reaction
was carried out in a dry box. Lithium (0.14 g.) was sus-
pended in dry ether (200 ml.) in an atmosphere of nitrogen.
The suspension was cooled to —65° and 1-bromobutane
(1.37 g.) was added dropwise to the stirred mixture. 4-
Bromobiphenyl (2.33 g.) was added and the mixture was
stirred at —65° for 30 min. 3-Phenylpyridine (1.5 g.) was
added and the mixture was allowed to warm to room tem-
perature and stand overnight. Water was added and the
mixture was extracted with benzene. The organic layer was
removed and concentrated. The product was reerystallized
from benzene to give 2-(4-biphenylyl)-5-phenylpyridine
(0.59.; 17%), m.p. 274-275°.

Anal. Calcd. for CSHnN: C, 89.86; H, 5.58. Found: C,
90.09; H, 5.55.

Ultraviolet absorption. Xr0l 280 my (shoulder; log «
4.47), 307 m/j (log e, 4.63).

Relative pulse height 0.41 at 1.8 g./I. (saturated solution).

Note on nomendature. Compounds I, II, and I11 have been
named as pyridylbiphenyls to provide an element of con-
sistency in this discussion by treating the pyridine rings as
substituents where possible. Chemical Abstracts has in-
dexed these as biphenylylpyridines with a cross reference
under pyridylbiphenyl. Compounds 1V and IX are excep-
tions named as substituted pyridines to provide simple
names. The pyridylterphenyl name for V111 conforms to the
principle of naming the compound as a derivative of the
largest parent (Chemical Abstracts rule 70). Compounds
V, VI, and VII present a special nomenclature problem.
They cannot easily be named as substituted pyridines, nor
is there any reason for doing so as they are rather obviously
disubstituted benzenes. The problem is to indicate in a
concise and definitive name the positions of the benzene
and pyridine linkages. The name I-(2-pyridyl)-4-(4-pyridyl)-
benzene (for V1) is clear but hardly concise and somewhat
labored. 2,2-p-Phenylenebispyridine (for V) is concise
but the phenylene system is not a commonly used basis
for systematic names of di-substituted benzenes, and it also
provides no association with the terphenyl concept involved
in our present discussion. It has been used in Chemical Ab-
stracts for dipyrrylbenzene with a cross reference. p-Di-
(2,4-pyridyl)benzene (for VII) is concise and definitive
and follows Chemical Abstracts indexing principles for di-
substituted benzenes.
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Heating a number of quinolines with 5% palladium-on-carbon has led to 2,2'-biquinolyl formation in 11-21% conversions,
with most of the unchanged quinolines being recovered. This method for joining two nitrogen-lieterocycles at the 2-positions
also has been extended to 1,5-naphthyridine and two pyridines. The reaction is quite sensitive to steric factors, as 3-methyl-

quinoline, benzo[h] quinoline, and isoquinoline fail to react.

Quinoline occasionally has been used as a solvent
in dehydrogenation reactions. In a recent instance
of such a use, we observed the formation of a crys-
talline compound in too high a yield to have arisen
from the material being dehydrogenated. It ap-
peared to result from the reaction of the quinoline
with the palladium-on-carbon catalyst. This was
confirmed by a parallel reaction employing only
quinoline and the catalyst and by identification of
the crystalline material as 2,2'-biquinolyl. Neither
an impurity in the quinoline nor special activity in
the particular catalyst sample were responsible, as
the reaction occurred equally well with highly puri-
fied quinoline, quinoline recovered from a reaction
with palladium-on-carbon, and various samples of
commercial catalyst. The facility and high yield
with which 2,2'-biquinolyl formation had taken
place induced us to examine this reaction for its
synthetic possibilities.

There has been considerable interest in 2,2'-bi-
quinolyls because of their specificity as complex-
ing agents for cuprous ion and their sensitivity,1
which permits detection of copper in one part in
10s. However, the methods of preparation have
been poor and, in some cases, limiting. Condensa-
tion of an o-aminobenzaldehyde or an o-amino-
phenone with a 2-acylquinoline requires the labori-
ous preparation of intermediates and still gives
poor vyields.2 For unsymmetrical 2,2'-biquinolyls,
this remains the only reliable method. However,
for symmetrical 2,2'-biquinolyls. the best synthe-
sis appeared to be the reductive coupling of Ueda,3
employing the 2-bromoquinoline, palladium-on-
calcium carbonate, hydrazine, and alcoholic potas-
sium hydroxide. Although the yields are poor and
vary widely,&the product is reliably the 2,2'-com-
pound. A recent application of this method has re-
ported more consistent results.6However, the prep-
aration of the intermediate 2-bromoquinoline and

(1) J. G. Breckenridge, R. W. J. Lewis, and L. A. Quick,
Can. J. Res., 17B, 258(1039).

(2) P. 1l. Case and G. Maerker,
4020(1953).

(3) K. Ueda, ,/. Phann. Soc. Japan, 57, 180 (1037).

(4) P. H Case and 1 1 LalTertv, ,/. Urg. (‘hem., 23,
1375(1958).

(5) S. Nakn.no, J.Pharm. Sac. Japan, 70, 310, 314 (1059).

Am. (‘hem. Soc., 75,

the poor yields are still definite drawbacks. The
same may be said for the Ullmann-type condensa-
tion, in which the yields are extremely poor.Z46
Catalytic dehydrogenation has been invoked for
the preparation of 2,2'-biquinolyls with nickel-
alumina in a sealed tubeI67 and with a specially
prepared pyrophoric nickel catalyst.8 In these
cases, although starting materials are much simpler
and are recovered to a large extent, conversions to
biquinolyl were 4-5%, and this decreased rapidly
with substituted quinolines.

In comparison with the above procedures, the
simplicity of the palladium-on-carbon method and
the improved yield were quite attractive. A brief
study was made of the effect of time of heating,
presence or absence of oxygen, and amount of cata-
lyst. There was very little advantage to continue
heating beyond 24 hr; the yield was the same in an
oxygen or carbon dioxide atmosphere; and 10% by
weight of a 5% palladium-on-carbon catalyst was
sufficient. These conditions were incorporated into
a general procedure which is presented in the ex-
perimental section, and which was applied to eleven
quinolines and related compounds.

Seven of these compounds formed the correspond-
ing 2,2'-biaryls in the per cent conversions shown
in Table I. The actual yields are much higher, as in

TABLE |

2,2'-Biquinolyls and Related Compounds Prepared by
Catalytic Dehydrogenation

Compound M.P., ©  Conversion, %
2,2'-Biquinolyl 196* 17
8,8'-Dimet,hy1-2,2"-biquinolyl 210-21 F 1
4,4'-Diphenyl-2,2'-biquinolyl 358-360 u
6,6'-Dimethoxy-2,2'-biquinolyl  280-281 21
2,2'-Bi-l,5-naphthyridyl 282-284 8
2,2'-Bipyridyl 70-71d 2
4,4'6,6'-Tetramethy1-2,2'-

bipyridyl 144-145 8
“Lit.8 m.p.,, 193-194°. bLit.4 m.p., 203-204°. “Lit.2

m.p., 362°.d Lit.8m.p., 70.5-71.5°.

(6) J. G. Breckenridge, Can. J. Res., 28B, 593 (1950).

(7) J. P. Wibaut, H. D. T. Willink, Jr., and W. E.
Nicuwenlmis, Tre. t&x, rri., 54, 804 (1935).

(8) G. M. Badger and \Y. 11 F. Sasse, J. Chem. Soc., 616
(1956).
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every case practically all of the uncondensed start-
ing material was recovered, and the material bal-
ance was well over 90%. The products were estab-
lished as the 2,2'-biaryls by elemental analyses
and molecular weight determinations, by compari-
son of ultraviolet spectra and melting points with
known compounds, and by complexing with cu-
prous ion. Complexing occurred in each case except
with the sterically-hindered 8,8'-dirnethyl-2,2"-bi-
quinolyl and 4,4',6,6'-tetramethyl-2,2 -bipyridyl.
Of interest is the biaryl (I) which was formed

from 1,5-naphthyridine, and which gave a copper
complex with Aml at 550 mji. The fact that bipy-
ridyls are formed by this procedure and the possi-
bility that higher temperatures may lead to better
conversions are of interest in view of difficulties with
present syntheses of bipyridyls.831111

Three compounds gave no biaryls: 3-methyl-
quinoline, benzo[h]quinoline, and isoquinoline.
Each compound presents some steric interference
either to complexing with the palladium catal}-st or
to formation of the biaryl. This absence of reaction
indicates the sensitivity of the present method to
steric factors.

2-Methylquinoline was subjected to the general
procedure to see if coupling would occur to give the
4,4'-biquinolyl. None of this was obtained. How-
ever, a very small amount of a crystalline substance
was isolated. Its molecular formula was that of a
coupled product, and it has been assigned the struc-
ture 1,2-di-(2-quinolyl)ethane (Il) on the basis of

its ultraviolet and infrared absorption. Its ultra-
violet absorption maxima were almost identical
with those of 2-methylquinoline, except for the
absence of some short wavelength fine structure,
and the extinction coefficients which were about
doubled. In the infrared, 2-methylquinoline, 2,2-
biquinolyl, and compound Il all showed bands at
745 cm.-1 and 820 cm.-1. These are characteristic
of four and two adjacent aromatic hydrogens, re-
spectively. There was no absorption in the 900-860

(9) H. D. T. Willink, Jr. and J. P. Wibaut, Rec. trav-
chim., 54, 275 (1935).

(10) G. T. Morgan and F. H. Burstall, J. Chem. *Sr, 20
(1932).

(11) F. H. Burstall, J. Chem. Soc., 1662 (1938).

(12) C. Karr, Jr., P. A Estep, A J. Papa, ,/. -lw. Chem.
Soc., 81,152(1959).
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cm. lrange that could be attributed to an isolated
aromatic hydrogen.22

EXPERIMENTALI13

General procedure for the preparation of heterocyclic
biaryls. A stirred mixture of the quinoline (or related com-
pound) and 10% by weight of a commercial 5% palladium-
on-carbon catalyst was heated under reflux for 24 hr. In all
cases, heating was at the boiling point of the compound, ex-
cept for the following: 4-phenylquinoline was heated at
360°; 6-methoxyquinoiine was heated at 265°; and 1,5
naphthyridine was heated at 220°. The mixture was then
cooled, 10 parts by volume of chloroform was added, and
this mixture was heated to boiling and filtered. Three di-
gests with boiling chloroform (or benzene) were sufficient
to remove all adsc rbed material from the catalyst. The com-
bined chloroform solutions were then distilled to remove
chloroform and to recover unchanged starting material.
Chromatography of the residue on alumina (Merck) gave
the pure heterocyclic biaryl. Elution was usually accom-
plished with benzene to which increasing amounts of chloro-
form were added. In those instances where the starting
heterocycle was not sufficiently volatile to be recovered by
distillation, it was separated from the bis-compound by
sublimation or by chromatography on alumina. The new
biaryls prepared by this procedure are:

6,6'-Dimethoxy-2,2"-biquinolyl, m.p. 280-281°: ultra-
violet absorption. X'k°H266 mp (c 50,000), 309 (12,600),
337 (23,000), 352 (32 000).

Anal. Calcd. for C,,,HIEND 2: C, 70.0, H, 5.1, X, 8.9, OCH;,
19.6. Found: C, 75.9: H, 5.0: X, 9.1: OCH3 19.5.

2,2'-Bi-1,5-naphthjridyl, m.p. 282-284°; ultraviolet
absorption, X\CH 233 mM (e 52,500), 265 (12,000), 275
(13,500) 286 (16,500), 321 (25,000), 333 (25,100).

Anal. Calcd. for CMUiX,: C, 74.4; H, 3.9; N, 21.7; mol.
wt., 258. Found: 0, 74.7; H, 3.7; X' 21.8; mol. wt.. 238.

4,1',6,6'-Telran'elhyl-2,2'-1>ipyridyl, m.p. 144-145°.

Anal. Calcd. for CItHIN2: C, 79.3; 1l, 7.5; N, 13.2; mol.
wt., 212. Found: C, 79.3; H, 7.5; X, 13.2; mol. wt. (Hast),
202.

3-Methylquinolinc (heated at its boiling point), iso-
quinoline (heated at its boiling point), and benzo [h jquinoline
(heated at 370°) gave no evidence of biaryl formation and
«ere recovered quantitatively «’hen subjected to the above
procedure.

1,2-Di-S-quinoljlethane. When 20 g. of 2-methylquinoline
«as heated «'ith palladium-on-carbon as described in the
general procedure above, 18 g. «'as recovered. Chroma-
tography of the resicue on alumina gave crystalline material
in the fractions eluted with benzene, and this «-as recrystal-
lized from methanol. Follcnving sublimation (155°/75 n),
57 mg. were obtained, melting at 16G—167°14; ultraviolet
absorption, X'? H 314 (« 7200), 306 (4250), 301 (5500),
294 (4000), 233 (49.500).

Anal. Calcd. for CjoHuN;j: C, 84.4; H, 5.6; X, 9.9. Found:
C,84.4; H, 5.6; X, 9.9.

Berkeley, California

(13) All melting points are corrected. Microanalyses were
performed by V. Tashinian, Microchemical Laboratory,
University of Cal fornia, Berkeley.

(14) It is possible that this is the same as the unidentified
substance, (VJlicX;.ILO, melting at 160-162°, obtained
from the reaction of 2-metliviquinoline and sulfur by W. V.
Miller \Bcr., 21, 1827 (1888)].

15) (f. the ultraviolet absorption of 2-methviquinoline,
314 ¥ (e 4250), 308 (2500), 301 (3000), 295 (2250),
232 (25,200), 228 (27,500), 224 (27,300).
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The reaction between pyridine-3-carboxaldelryde (1) and phenylnitromethane (11) has been reported to yield 1,3-dinitro-
1,3-diphen3d-2-(3-pyridyl)propane (I11). Reinvestigation of this reaction has revealed that pyridine and quinoline aldehydes
condense with Il in a simple aldol manner to give nitroethanols. Dehydration to nitroethylenes, a mandatory intermediate
lor the dinitropropane 111 previously reported, could not be accomplished.

Dornow and Boberg: reported that the conden-
sation of pyridine-3-carboxaldchyde (1) with phe-
nylnitromethane (1) gave 1,3-dinitro-1,3-diphenyl-
2-(3-pyridyl)propane (l11). The assignment of
this structure was based on the following elemen-
tal analyses: C, 65.65; H, 5.30; N, 11.26. (The
theoretical values for structure 111, Caoll:7Q:Ns,
are: C, 66.10; Il, 4.72; N, 11.56. No molecular
weight data or infrared spectra were reported.)

The dinitropropane 111 could only arise by addi-
tion of Il to the intermediate I-nitro-1-phenyl-;-
(3-pyridyl)-ethylene (IV,2s according to the re-
action:

Because of our interest in the a-nitrostilbenes,
we attempted to prepare 1V via the Schiff’s base,
a method found to be quite reliable with other
aromatic aldehydes: In this method, a Schiff’s
base of an aromatic aldehyde is made to react with
phenylnitromethane in glacial acetic acid, giving
good yields of a-nitrostilbenes. With a Schiff’s
base of pyridine-3-carboxaldehyde, only intract-
able black tars were formed. This led to a re-
investigation of the reaction reported by Domow
and Boberg..

Using n-butylaminc as catalyst in place of the
methylamine in the original work . we were able
to isolate a low yield of a white crystalline material
melting a few degrees lower than that reported.

(1) A Dornow and F. Boberg, Ann., 578, 101 (1052).

12) 1). N. Robertson, ,/. On/. Chan., in press.
(3) 1. E. Worrull, J. ,Im. Chav. Hoc., 57, 2200 (1035).

It was, however, accompanied by large amounts
of dark, intractable oils. The infrared spectrum of
the white crystals suggested a bonded hydroxyl,
pyridine ring, nitro and monosubstituted phenyl.
An equivalent weight determination by titration
of the pyridine nitrogen (perchloric acid) gave a
value of 246.4. The molecular weight of the simple
aldol product (V) is 244.25 while that of IIl is
363.36. The analytical data (C, Il, X) also support
the simpler structure V.

\%

It was found that all three pyridine aldehydes
gave excellent yields of adduct when diethylamine
or triethylamine was substituted for primary amine
catalysts. Qumoline-2-carboxaldehyde gave con-
siderably lower yields. Several other pyridine alde-
hydes also were employed in the condensation (see
Table I).

In contrast to the facile conversion of nitro-
ethanols, in general, to nitroethylenes, the prod-
ucts represented by V could be dissolved in either
base or acid and recovered unchanged by neutrali-
zation. An attempt to dehydrate one of these ad-
ducts to the nitroethylene by heating in acetic acid
was unsuccessful, leading again to intractable
tars.

It should be pointed out that the lower nitro-
alkanes often give aldol products with pyridiness
and quinoline aldehydess although the correspond-
ing nitroethylenes are obtained:s at times.

All the compounds of Table I are white solids,
quite sensitive to heat (and thus of variable melt-
ing point) and are soluble in both dilute acid and
alkali.

EXPERIMENTAL

a-(a-Nilrobenz;/l)-x-pyridine (and quinoline) methanols.
The following general procedure was found to give good
yields of quite pure products:

The aldehyde (0.1 mole) and phenylnitromethane (0.1
mole) were mixed in 25 ml. of ethanol or ethyl acetate. A

(4) F. Zvmalkowski, Arch. Pharm., 289, 52 (1950).

(5) A Burger, M. L Stein, and J. B. Clements, J. Onj.
Chan., 22, 113 (1957j.

(6) A P. Phillips, J. Am. Chan. Hoc., 70, 452 (1948).
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TABLE |
OH NO 2
I
Neutral Analysesc
Vield Equivalentl Carbon Hydrogen Xitrogen
R M.P.» % Caled. Found Caled. Found Caled. Found Caled. Found
106-107 86.7 2442 247 63.92 64.52 4.95 4.89 11.47 11.30
117-117.5 86.7 2442 247.2 63.92 64.15 4.95 4.81 11.47 11.30
130-130.5 87.9 2442 246.4 63.92 64.21 4.95 4.88 11.47 10.48
(dec.)
132.5-133 38.8 — — 69.38 69.47 4.79 4.72 9.52 9.33
09.5-101 90.0 258.31 2595 —
124-127.5 95.6 272.3 274.8 66.16 66.14 5.92 5.54
144.5-147 80.5 409.5 414.0

(bis compound)

« Since these compounds are sensitive to heat, the melting points are quite variable, depending on rate of heating, residence

time in apparatus, etc. The figures presented should be taken

only as guides. 6By titration with perchloric acid in acetic

acid. e Infrared spectra were consistent with each formula. d Since the neutral equivalents and infrared spectra support

these structures, further analyses were not conducted.

few drops of either diethyl- or triethylamine were added and
the mixture was allowed to stand. In most cases, the solution
warmed spontaneously and crystallization began within a
few minutes. Although the reactions appeared to be com-
plete within 1 or 2 hr., they were usually allowed to stand
overnight. The products were recovered by filtration,
washed with small amounts of alcohol and dried in vacuo
over phosphorus pentoxide.

Analytical samples were prepared by dissolving the com-
pound in ethyl acetate at room temperature, adding Skelly-

solve A to turbidity and placing in the deep-freeze at —17°
This procedure was necessary because heating slowly de-
composed most of the products. (Analytical samples could
not be dried at 60°, for example.)

The product from quinoline-2-carboxaldehyde was much
more stable and could be recrystallized from hot ethanol-
ethvl acetate.

Table | lists the products prepared.

Midland, Mich.
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Studies with Quinolines. Il. The Acid-Catalyzed Hydrolysis of Reissert

Compounds

JEFFERSON W. DAVIS, Jr.

Received October US, 1959

The cyclic inline X has been prepared from 2-benzoyl-I,2-dihydroisoquinaldonitrile, 11, on treatment of the latter with
hydrobromic acid in acetic acid. The jmine was isolated and purified and was found to be stable on treatment with water. The
formation of cyclic imines of this type appears to be a general characteristic of Reissert compounds. On decomposition in
hydrobromic acid-acetic acid the imine X gives benzaldehydc, isoquinaldamide hydrobromide and the hydrobromide of iso-
quinaldic acid. On treatment of the hydrobromide of quinaldic acid with thionyl chloride there is loss of hydrogen bromide
with formation of the free acid chloride. This route eliminates the necessity of isolating the anhydrous acid.

Reissert compounds or l-acyl-l1,2-dihydroquin-
aldonitriles, 1, 2-acyl-l,2-dihydroisoquinaldoni-
triles, 11, and analogous compounds, when treated
with mineral acid, undergo hydrolysis to aldehydes,
acid amides, and carboxylic acids. The formation
of aldehydes by hydrolysis of these compounds in-
volves a mechanism more complex than the simple
hydrolysis of a nitrile to an amide and carboxylic
acid. Several mechanisms have been proposed for
this unusual behavior of Reissert compounds,
but there has been insufficient experimental
evidence in support of the several mechanisms
predicted by theoretical considerations.

In early studies1-8 of the mechanism of the acid-
catalyzed hydrolysis of Reissert compounds, it
was assumed that the nitriles, 111 and 1V, were
formed as intermediates which were subsequently
hydrolyzed to the amides and carboxylic acids.
This assumption was never proved, however, and
Cobb and McEwen4 offered experimental evidence
which indicates that the nitrile is not one of the
products of the hydrolysis. These authors found
that on treatment of I (R= benzoyl) with ethanolic
hydrogen chloride no quinaldonitrile could be
isolated from the reaction mixture. Similar studies
in concentrated hydrochloric acid afforded only
benzaldehyde, quinaldamide, quinaldic acid, ben-
zoin quinaldate, and unchanged I. On the other
hand, when mole quantities of I and quinaldoni-
trile were treated in the same manner, 11 to 39% of
the nitrile was recovered unchanged. They then
proposed a mechanism which excluded the nitrile
as an intermediate and which could, on a theoretical

(1) W. E. McEwen and R. N. Hazlett, J Am. Chem. Soc.i
71,1949(1949).

(2) M. Colonna, Gazz. chim. Hal., 82, 503 (1952).

(3) C. G. Swain and W. A. Sheppard, Abstracts of papers
presented at ACS National Meeting, Cincinnati, Ohio,
March 29 to April 7, 1955, P40N.

(4) It. L. Cobb and W. E. McEwen, J. Am. Chem. Soc.,
77,5042(1955).

basis, explain the formation of all the products iso-
lated from a typical reaction. It was assumed that
the Reissert compound | on treatment with hydro-
chloric acid first gives the cyclic intermediate V
which rearranges to VII through the mesoionic in-
termediate VI. Addition of wmter to VII gives VI
which then collapses to benzaldehyde and the
amide 1X.

None of the previous workers were able to isolate
in pure form any of the proposed cyclic intermedi-
ates.5 It was this lack of experimental evidence
that prompted us to reinvestigate the hydrolysis of
Reissert compounds.

In a previous communication6 we were able to
show that a Reissert compound | (R = benzoyl) on
treatment with hydrobromic acid in acetic acid
gives good vyields of benzaldehyde and quinaldic
acid. We have repeated this reaction with 2-ben-
zoyl-1,2-dihydroisoquinaldonitrile, 1l (R = ben-
zoyl), with similar results and were able to isolate
in 95% yield the hydrobromide analog of one of the
cyclic intermediates proposed by Cobb and
McEwen.4 This intermediate or Reissert imine

(5) McEwen and co-workers did, however, obtain un-
stable yellow precipitates which could not be purified and
which decomposed with water to give benzaldehyde and
quinaldamide. Haworth and Perkin obtained an orange
compound when a chloroform solution of 2-benzoyl-6,7-
dimethoxy-l,2-dihydroquinaldonitrile was treated with hy-
drogen chloride. This orange substance gave benzaldehyde
and 6,7-dimethoxyisoquinaldamide upon steam distillation
[R. D. Haworth and W. H. Perkin, J. Chem. Soc., 1434
(1925)].

(6) J. W. Davis Jr., J Org. Chem., 24, 1G01 (1959).
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X7may be crystallized from hot alcohol and does
not decompose on treatment with hot or cold water.
It can be isolated with ease in a high state of purity.
Upon decomposition it gives benzaldehyde, iso-
quinaldamide hydrobromide X1, and isoquinaldic
acid hydrobromide XI1.

When 2-benzoyl-I,2-dihydroisoquinaldonitrile, 11
(R = benzoyl), is added to a mixture of hydro-
bromic acid in acetic acid there is an intermediate
color change from colorless to bright yellow which
gradually changes to deep orange over a period of
about 5 minutes. By this time the suspended Reis-
sert compound has completely dissolved. Some min-
utes later the imine X begins to separate and is
complete within 2 to 3 minutes. If the imine is al-
lowed to remain in contact with the acid medium,
an exothermic reaction takes place, converting it to
the amide hydrobromide, the acid hydrobromide,
and benzaldehyde.

The catalytic formation of this cyclic imine X
appears to be instantaneous. If the temperature is
maintained at 20°, the rate of reaction seems to de-
pend on the solubility of the Reissert compound in
the reaction medium; its subsequent precipitation
may be compared to crystallization from a super-
saturated solution. The breakdown of the imine
X to benzaldehyde and the acid amide hydrobro-
mide evolves heat and is favored by the catalytic
medium of hydrobromic acid in acetic acid. No
Reissert compound could be isolated from the
mother liquors and the odor of benzaldehyde was
absent. When the mother liquors were placed in the
deep freeze at —10° for 24 hours some isoquinalda-
mide hydrobromide crystallized. We may assume
that this amide hydrobromide was derived from a
small amount of the imine which remained in solu-
tion since isoquinaldamide hydrobromide is much
less soluble in the reaction medium than the cyclic
imine X and would have been removed in the
original filtration. The odor of benzaldehyde was
apparent.8

When hydrochloric acid in acetic acid was used
as the hydrolysis medium, the color changes and
the time for complete solution were the same as in
the case of hydrobromic acid in acetic acid. There
was no odor of benzaldehyde or immediate precipi-
tation of the imine hydrochloride. Addition of ex-
cess water did hot precipitate any unchanged Reis-
sert compound. When the reaction mixture was al-
lowed to stand overnight at room temperature,
crystals were formed and there was still no evi-
dence of the presence of benzaldehyde.9

The formation of Reissert imines from Reissert
compounds appears to be a general reaction and

(7) Since this appears to lie a general reaction leading to a
new series of compounds, for convenience we will call them
“Reissert imines.”

(8) The imine will decompose quantitatively when treated
with the sulfuric acid solution of 2,4-dinitrophenylhydrazine,
giving benzaldehyde 2,4-dinitrophenylhydrazone, the acid
amide and acid.

HYDROLYSIS OF REISSERT COMPOUNDS

377

under the proper conditions, particularly when ace-
tic acid is used as solvent, only one equivalent of
mineral acid is necessary. The experimental evi-
dence presented below indicates that the acid-cata-
lyzed hydrolysis of Reissert compounds proceeds as
follows: Reissert compound — Reissert imine —»
acid amide + aldehyde + acid.
Or in the example studied here

When the hydrobromides of quinaldic and iso-
quinaldic acid are treated with thionyl chloride
there is loss of hydrogen bromide with formation of
the free acid chlorides. This route to the acid chlo-
rides is preferred since a purer product is obtained
and the necessity of passing through the anhydrous
acids is eliminated.

The quinaldyl radical reacts readily with primary
and secondary amino groups to give highly crystal-
line derivatives.610 The isoquinaldyl radical may
be used in like manner.

EXPERIMENTALLL

2-Benzoyl-1,2-dihydroisoquinaldonilrilc, 1. This compound
was prepared according to the procedure of Reissert as
modified by Padbury and Lindwall.22 The yield from iso-
quinolinel3 was approximately 50% after two crystalliza-
tions from absolute ethanol. The product melted at 125-
126°.

Reissert imine X. Action of hydrobromic acid-acetic acid
on Il. Ten g. of 2-benzoyl-1,2-dihydroisoquinaldonitrile, 11
(It = benzoyl), as prepared above were suspended in 100
ml. of glacial acetic acid and the mixture stirred vigorously
while cooled in a water bath at 20°. Ten ml. of 47% hydro-
bromic acid were added. After about 5 min. all of the solid
had dissolved and the solution was dark orange. The stirring

(9) The isolation of the several mineral acid salts of
Reissert compounds derived from quinoline, isoquinoline,
ring-substituted quinolines, and ring-substituted isoquino-
lines will be presented in a future communication.

(10) The application of the several ring-substituted acid
chlorides, particularly the 2- and 5-nitro derivatives, to the
identification of primary and secondary amino compounds
will be presented at a later date. It is interesting to note that
some of the amide derivatives of quinoline inhibit the growth
of Ehrlich Ascites tumor in mice with prolongation of life.
Of particular interest was quinaldylalanine which showed a
T/C of 0.09 (unpublished data).

(11) All me.ting points are uncorrected. The analyses were
performed by Dr. Elek of Los Angeles, Calif., and Drs.
Weiler and Strauss of Oxford, England.

(12) J. J. Padburv and H. G. Lindwall, J. Am. Chem. Soc.,
67,1268(1945).

(13) The isoquinoline was obtained from Eastman Kodak
and melted at 26 27°.
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was continued and after about 3 min. the inline X began to
separate. Stirring was continued for several minutes more
after which the bright yellow crystals were collected on a
glass centered funnel and washed with glacial acetic acid
until the washings were almost colorless. The crystals were
washed with ether and dried in vacuum over sodium hy-
droxide. The product weighed 12.5 g. and melted at 158-
160°. On recrystallization from hot methanol there was
obtained 9.0 g. of pale yellow prismatic needles which
melted at 159-160°. A recrystallized sample was dried in
vacuum over phosphorus pentoxide at 80° for 24 hr.

Anal. Calcd. for CIH,:;:ON,HBr.O, 59.65; H, 4.09; Br,
23.39: X, 8.18. Found: C, 59.70: H, 4.01; Br, 23.31; X, 8.21.

Action of hydrobromic acid-acetic, acid on the Reissert imine
X. A 13.4-g. sample of the imine was suspended in 10 ml.
of 48% hydrobromic acid in 10 ml. of glacial acetic acid,
the flask was set up to reflux and heated on a steam bath
for 10 min. On cooling, 50 ml. of acetone was added and the
crystals vEre collected and washed with acetone. On air
drying the product weighed 9.0 g. The filtra'e and washings
were combined (Solution A) and worked up as described
below. The 9 g. of material was suspended in 75 ml. of hot
methanol and water added until all had dissolved. On re-
frigeration overnight 3 g. of light yellow crystals was ob-
tained which melted at approximately 260°. [The mother
liquors were saved (Solution B).] On recrystallization from
75% acetic acid or ethanol-isopropyl ether approximately
2.5 g. of colorless needles was obtained which melted at
272-273°. The analytical sample melted at 275-276°.

Anal. Calcd. for C,HON..Br. C, 47.43; H, 3.55; Br,
31.32; N, 11.07. Found: C, 47.56; H, 3.88; Br, 31.10; N,
11.38.

This compound was found to be identical with the hvdro-
bromide of isoquinaldamide. It sublimes at 250° without
decomposition and when treated with aqueous ammonia
gives isoquinaldamide which melts at 167-168°.

The mother liquors (Solution B) were evanorated to dry-
ness to give approximately 6 g. of a light yellowr solid. This
was recrystallized from 85% acetic acid to give almost
colorless needles which melted at 199-200°. A recrystallized
sample dried over phosphorus pentoxide at 80° for 24 hr.
was analyzed.

Anal. Calcd. for CioH® BrN. C, 47.10; H. 3.14; X, 5.51;
Br, 31.40. Found: C, 47.32: H, 3.32; N, 547; Br, 30.81.
This was found to be identical with the hydrobromide of
isoquinaldic acid. It may be sublimed at about 100° and 1
mm. pressure.

The original acetone-acid mother liquors (Solution A) were
steam distilled. From the distillate was isolated an 85%
yield of redistilled benzaldehyde. 4

(14)
completion of the steam distillation. This material has been
described previously [seeref. 1. Also see A Reissert, Ber., 38,
3415(1905)].

A dark oily material remained in the flask after
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Action of water on the Reinsert imine X. One g. of the cyclic
imine X was suspended in 25 ml. of water and the mixture
stirred for 30 min. There was no evidence of decomposition
or odor of benzaldehyde. The crystals were collected by
filtration and dried in a desiccator under vacuum. About 90%
of the material was recovered and had a melting point of
159-160° identical with that of the starting imine X. A
mixture of the two gave the same melting point. The same
reaction -wes repeated wuth refluxing for 30 min. wuth similar
results.

Isoquinaldic acid from isoquinaldic acid hydrobromide.
Due to the difference in solubility of quinaldic acid and
isoquinaldic acid, the latter could not be isolated in com-
parable yields as previously described for quinaldic acid.6
The following procedure was therefore used for the isolation:

Ten g. of isoquinaldic acid hydrobromide (crystallized
from a 1:1 mixture of 48% hydrobromic acid and glacial
acetic acid) was dissolved in 20 ml. of water and a slight
excess of concentrated ammonium hydroxide added. The
resulting solution was boiled to remove excess ammonia
and after cooling adjusted to pH5 wuth hydrochloric acid.
The mixture was evaporated under reduced pressure and
the residue extracted with hot benzene. On concentration
and cooling isoquinaldic acid crystallized. The yield of re-
crvstallized acid melting at 159-160° was 5.8 g. or approxi-
mately 85%.

Quinaldyl chloride from quinaldic acid hydrobromide. Ten
g. of quinaldic acid hydrobromide®bwere suspended in 100
ml. of thionyl chloride® contained in an apparatus set, up
to reflux and protected from moisture by means of a calcium
chloride tube. The flask was warmed gently at first, the
temperature being gradually increased so that hydrogen
chloride passed smoothly through the top of the condenser.
After the hydrobromide had dissolved, the solution was re-
fluxed for an additional 0.5 hr. (total 3.5 hr.). The thionyl
chloride was removed under reduced pressure and the pale
vellowr crystals were taken up in approximately 50 ml. of
hot anhydrous ether. On cooling in the refrigerator over-
night clusters of pale yellow need'es were obtained which
melted at 95-96°. A mixed melting point with an authentic
sample was essentially the same. The conversion is quanti-
tative but only when the acid hydrobromide is anhydrous.
When the hydrated form is used approximately 25% of the
material does not dissolve in ether. This is probably due to
the formation of the acid chloride hydrochloride. The same
result occurs when the free hydrated acid is used to prepare
the acid chloride.

Van Nuys, Calif.

(15) Dried in a vacuum oven at approximately 100° for
3hr.
(16) Distilled from linseed oil.
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Guanamines.11ll. Perfluoroalkylguanamines and Related Compounds

SEYMOUR L. SHAPIRO, VINCENT A. PARRINO, ana LOUIS FREEDMAN

Received October 30, 1959

A series of guanamines of type | has been synthesized for pharmacological evaluation. The ultraviolet absorption spectra
of a selected series of these compounds have been determined and are discussed.

Our investigation of guanamine derivativesl is
extended to triazines of type | which have been

R3 ——CF3
N AN C:?r:?
rk 1 A —¢
A A —CFCla
Jn® n" nh2 —CHBI2

R/ j

prepared for pharmacological study,2 particularly
as anti-bacterial3and anti-viral agents.4 The com-
pounds which have been prepared867 are described
in Table I.

The synthesis of the required guanamines | was
effected by reaction of the biguanide8with the ap-
propriate ethyl ester.

While reaction of phenyl biguanide with ethyl
trichloroacetate gave virtually only I, R3= OH, Rx
= C#H6—, R2 = H and merely traces of I, R3 =
®-CCl13 Ri = CH5—, It2= H, it is relevant that
none of the variants of R3employed in this study
gave any of I, R3= OH compounds.9

Distinctions in the nature of the reactivity of
ethyl trichloroacetate and ethyl trifluoroacetate
have been noted by others.

(1) (a) Paper | of this series, S. L. Shapiro, V. A. Parrino,
K. Geiger, S. Kobrin, and L. Freedman, J. Am. Chem. Soc.,
79, 5064 (1957); (b) paper Il, S. L. Shapiro, V. A Parrino,
and L. Freedman, J. Am. Chem. Soc., 81, 3996 (1959).

(2) A F. Lindenstruth, J. H. Fellman, and C. A. Vander-
Werf, J. Am. Chem. Soc., 72, 1886 (1950).

(3) H. M. Walborsky, M. Baum, and D. F. Loncrini,
J. Am. Chem. Soc., 77, 3637 (1955).

(4) W. Cutting and A. Furst, Antibiotics & Chemotherapy,
8,441(1958).

(5) A variety of papers and patents have described 2,4,6-
trisperhaloalkyltriazines; (a) E. T. McBee, O. R. Pierce,
and R. O. Bolt, Ind. Eng. Chem., 39, 391 (1947); (b) E.
Ghigi, Gazz. chim, ital., 71, 641 (1941); (c) D. D. Coffman,
U. S. Patent 2,442,995 (June 8, 1948); (d) G. W. Righy,
U. S. Patent 2,484,528, (Oct. 11, 1949); (e) T. R. Norton,
J. Am. Chem. Soc., 72, 3527 (1950); (f) T. L. Cairns, A W.
Larchar, and B. C. McKusick, J. Am. Chem. Soc., 74,
5633 (1952); (g9) E. Kober and C. Grundmann, J. Am.
Chem. Soc., 81,3769(1959).

(6) For I. R1= CflR, R2= H, R3= —CCb, see S. L.
Shapiro and C. G. Overberger, J. Am. Chem. Soc., 76, 97
(1954).

(7) Since the completion of our work, W. F. Coekburn
and R. A. B. Bannard, Can. J. Chem., 35, 1285 (1957), have
reported on several analogs of | (see Table I).

(8) The biguanides used as initial reactants have been
previously described; (a) S. L. Shapiro, V. A. Parrino, E.
Rogow, and L. Freedman, J. Am. Chem. Soc., 81, 3725
(1959); (b) S. L. Shapiro, V. A. Parrino, and L. Freedman,
J. Am. Chem, Soc., 81, 3728 (1959).

In this system the selectivity of reactivity of the
ethyl trichloroacetate may be a function of steric
factors.

From other studiesIlit would appear that the ac-
tive species for the biguanide in methanol would be
associated with a form Ila which could react with

N

RiNH—C/ C~NH2

NH NH2

2 )
Ha

the ester BaCOOC2Hsat N2or N5to give the acyl-
ated intermediate. Either acylated form in turn
undergoes nucleophilic attack by the alternative
nitrogen with proton transfer to give lib (it3 =
«CF3 Mwhich permits trans elimination of water

r h n
| \
RiN—é C—NH2

|
F

and isolation of I, R3= CF3

In turn, the ester R3 = —CCl13 could give the
transition state intermediate lie with elimination
of chloroform and isolation of I, R3= OH.

(9) (@) A Kreutzberger, J. Am. Chem. Soc. 79, 2629
(1957) observed that the —CC13group attached to the tri-
azine ring is readily removed as chloroform in nucleophilic
displacements using ammonia, amines, water or ethanol,
with ethanol being the most powerful nucleophile; (b) S.
Birtwell and G. J. Stacey, U. S. Patent 2,830,052 (April 8,
1958), obtained guanamines of the class R3 = —CCl3upon
reaction of biguanides with trichloroacetic anhydride.

(10) (@ M. M. Joullie, J. Am. Chem. Soc., 77, 6662
(1955); (b) M. M. Joullie and A. R. Day, 76, 2990 (1954),
found that ethyl trichloroacetate reacts with secondary
amine to give the urethane with elimination of chloroform.

(11) S. L. Shapiro, V. A. Parrino, and L. Freedman,
J. Am. Chem. Soc., 81, 2220 (1959).

(12) For somewhat similar hydrogen bonding in chloral
hydrate, see B. Stehlik and A TMc, Chem. Zvesti, 3, 164
(1949) [Chem. Abstr., 44, 7218° (1950)].
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-NH2
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Paralleling the oxyalkylguanamine study,& this
series also showed molar complexes with the product
I and the reactant biguanide (compounds 50, 53,
55, 67, 68, 85). The formation of such complexes
was confined to Ri = ortho- substituted or 3-
methylphenyl. However, all variants of R3with the
exception of R3 = —CFC12 gave such complexes.
These complexes were readily dissociated into the
constituent biguanide and guanamine by boiling
with water.

A number of effects are indicated by the ultravio-
let absorption data (Table I1), particularly in rela-
tion to spectra of triazines previously estab-
lished. 1313

When Ri is phenyl, R2is hydrogen and R3is var-
ied as perfluoroalkyl, the spectra parallel R3 =
—CHZ1 while R3= —CC1ZF is virtually the same
as R3= CIICI2BIn turn, I as above, R3= —CHBr2
shows a non-specific absorption suggestive of
neither aniline type nor triazine type spectra.la

Trial with molecular models indicates with se-
lected conformations that ortho substituents on the
Ri phenyl group can interact sterically with the
halogens on the R3group. In the instance where R3
contains bromine even the ortho hydrogens of the Ri
phenyl group will interact, and consequently the
phenyl group assumes a position noncoplanar with
the triazine ring with the dibromomethyl com-
pounds.

Another interesting effect is the bathochromic
shift noted relative to R3= Hla using the R3sub-
stituents of this series with the alkylaminoguana-
mines. A shift of approximately 12 mv/i is noted with
the /3-phenethyl compounds and approximately 10
npi with the cyclohexyl compound. Moreover, a
bathochromic effect is noted with the RiR2substi-
tuted compounds in this series as, for example, in
the piperidino structures (numbers 4, 30, 47, 63)
and the dimethylamino structures (1, 45, 61) com-
pared to the mono-substituted such as the allyl (2,
29) or the /3-phenethyl (6, 32, 48, 65) and the cyclo-
hexyl compounds (31, 64). While the extinction co-
efficients are relatively the same and also parallel
those where R3=hydrogen, the Xs for the di-sub-
stituted amino derivatives shows a bathochromic
effect of approximately 5 mm

An additional effect is shown by the three char-
acteristic spectral patterns with aryl structures:

1)  Those which parallel the unsubstituted phenyl

group with relatively hypsochromic absorption
maxima and high extinction coefficients and which

(13)
Soc., 76, 1855(1954).

PERFLUOROALKYLTRIAZIXES
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TABLE Il
ULTRAVIOLET ABSORPTION SrECTRAO’6
X max/ X max/
No.6 nifx e X 10"3 No.6 m/i =X ©»
1 282 3.33 42 253 18.5
273-284 13.6
2 278 3 63
45 280 3.4
4 229 28.7
285 3.52 47 228 27.1
282 3.48
fi 278 3.74
48 275 4.03
7 255 20.4
49 254 18.5
8 207-287 3.32
51 254 19.1
10 254 19.2
52 263-275 6.1
1 200-280 6.01
55 272 4.72
14 270 4.35
50 274 4,51
15 n.s.a.6
58 251 18.2
17 270 4.56 276-282 11.7
19 255 20.6 61 280 3.46
270-282 11.7
63 229 22.7
29 272 3.89 283 3.11
30 227 27.7 64 270 3.72
280 3.8
65 278 4,01
31 217 28.5
272 3.69 66 254 185
32 273 4.0 08 258-278 6.32
33 254 18.3 69 272 4.79
35 255 17.7 70 272 452
275-285 11.8
71 262-284 5.67
36 205-278 2.97
72 252 18.7
38 268 4.85 272-286 10.9
39 260-273 8.5 80 280-300 7.72
40 269 4.62 85 240-270 4.83
41 262-272 6.32 86 281 4.25

0 The spectra were measured in methanol using a Beckman
Model DK ultraviolet recording spectrophotometer. 6 The
authors wish to thank M. Blitz and his staff for establishing
the ultraviolet spectra. ¢ The number corresponds to the
compound number of Table I. d Where a range is shown,
the data are for a shoulder and the e value has been calcu-
lated at the center of the shoulder range. 6n.s.a. =
specific absorption.

non-

provide no steric hindrance to the coplanarity of
the anilino group with the triazine ring.

2) Those showing essentially a shoulder type of
absorption having a partial steric hindrance be-
tween the anilino group and the triazine ring. These
include the structures throughout wherein Ri is 0-
tolyl, 2,3-dimethylphenyl, A-ethyl; p-tolyl, and 0-
ethylphenyl (with the exception of compound 56).

3) Those with well defined specific absorption
maxima, hypsochromic and hyperchromic to the
Ri-alkyl substituted compounds with structures

C. G. Overberger and S. L. Shapiro, .. Am. Chem, conventionally considered to have high steric hin-

drance about the anilino nitrogen.8 These include
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compounds where Ri = 2,6-dimethylphenyl (com-
pounds 14, 38, 55, 69) and iV-ethyl, o-tolyl (com-
pounds 17, 40, 70, 86) as well as compound 56 men-
tioned above. Here, it is likely that there is no in-
teraction between the substituted phenyl group, its
attached nitrogen and the triazine ring and the
noted spectrum would be largely a function of tria-
zine absorption. 4

The anti-bacterial and anti-fungal studies have
been hampered by the relatively poor solubility of
the compounds of Table | in aqueous systems at
physiological pH values.

(14) Por related observations, see (a) H. Lumbrosn and
R. Dabard, Bull. soc. chini. France, 749 (1959); (b) A Arcoria,
H. Lumbroso and R. Passerini, Bull. soc. chini. France, 754
(1959); (c) S. L. Shapiro, I. M. Rose, F. C. Testa, E. Roskin,
and L. Freedman, J. Am. Chem. Soc., 81, 6498 (1959).

SHAPIRO, PARRTNO, AND FREEDMAN
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EXPERIMENTAL

Guanamines of Table I. These were prepared by the same
general procedure.

A solution of 0.025 mole of the biguanide hydrochloride
(or nitrate) in 25 ml. of methanol was treated with 24 ml.
(0.05 mole) of 23% sodium mcthoxide in methanol followed
by 0.025 mole of ester. The reaction mixture was maintained
at 20° for 24-48 hr. and then decanted in 60 ml. of water.
After 72 hr., the formed precipitate of product was separated,
dried and recrystallized.

In those instances where analyses indicated that the iso-
lated material was a complex with the reactant biguanide
(compounds 50, 53, 55, 67, 68, 85), this complex was dis-
sociated by a 2-3 hr. reflux in water. The biguanide dissolved
in the hot water, and the insoluble guanamine was separated
and recrystallized.

Acknowledgement. The authors wish to thank R.
Levinton for the data on the anti-bacterial activity.

Yonkers 1, N. Y.

[Contribution from the Organic Research Laboratories of the U. S. Vitamin and P harmaceutical Corporation]

Guanamines.11V. Pyridylguanamines

SEYMOUR L. SHAPIRO, VINCENT A PARRINO, and LOUIS FREEDMAN

Received October 30, 1959

A series of 2-amino-4-substituted amino-6(2-, 3- and 4-pyridyl)-s-triazines has been synthesized and examined for pharma-
cological activity. Significant activity as antiinflammatory, analgesic, and diuretic agents has been noted with selected

compounds.

Our investigations of guanamines with pharma-
cological activity are extended to pyridylguan-
amines of the type 1.2

NHE
Fo N~N
R—N—N\ J —Py
N

Py = 2-, 3-, and 4-pyrklyl
R, = alkyl, alkenyl, aryl, substituted aryl
R2 = hydrogen, alky

RIRN = heterocyclic structures

The synthesis of the guanamines (Table 1)
was effected by reaction of the substituted bigua-

(1) For previous papers in this series, see (a) S. L. Sha-
piro, V. A Parrino, K. Geiger, S. Kobrin, and L. Freedman,
J. Am. Chem. Soc. 79, 5064 (1957); (b) S. L. Shapiro, V.
A. Parrino, and L. Freedman, J. Am. Chem. Soc., 81, 3996
(1959); (c) S. L. Shapiro, V. A. Parrino, and L. Freedman,
J. Org. Chem., 25, 379 (1960).

(2) Compounds of type | have not been previously re-
ported. For compounds having more than one pyridyl nu-
cleus on the triazine ring, see (a) S. Saure, Chem. Ber., 83,
335 (1950); (b) H. J. Kahn, V. A. Petrow, It. Wien, and J.
Harrison, J. Chem. Soc., 858 (1945); (c) P. B. Russel and
G. H. Hitchings, J. Am. Chem. Soc., 72, 4922 (1950); (d)

F. H. Case and E. Koft, J. Am. Chem. Soc., 81, 905 (1959);

for pyridylamino-s-triazine compounds, see (d) J. T. Thurs-
ton, U. S. Patent 2,474,194 (June 21, 1949); (e) W. O. Foye
and A. E. Buckpitt, J. Am. Pharm. Assoc., Sci. Ed., 41,
385(1952).

nide in methanol with the appropriate pyridine
carboxylic acid ester under sodium methoxide
catalysis. Yields of product | were considerably
better when RiRIN— was derived from aliphatic
amines than from aryl amines. This may be as-
sociated with the formation of complexes between
the product and the reactant biguanide,lble and
one such complex was isolated in this series. In
selected instances (with arylbiguanides), the only
isolable product was the nicotinic or isonicotinic
acid salt of the biguanide.

Structures such as I, Py = 2-pyridyl, suggested
chelation with iron and other metallic ions, 208
and attempted preparation of bisquanternary
structures of type 11, as herbicides.4

The attempt to convert I, Py = 2-pyridyl, to
the corresponding bisquaternary salt with ethylene
dibromide yielded only unchanged reactant.

(3) G. Maerker and F. H. Case, J. Am. Chem. Soc., 80,
2745(1958).

(4) R. J. Fielden, R. F. Homer, and R. L. Jones, U. S.
Patent 2,823,987 (Feb. 18, 1958).
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The 2-pyridyl guanamines gave colored solutions
or precipitates with ferrous ion, whereas the 3-
and 4-pyridyl compounds did not.

Since pyridylguanamines can be envisioned as
derivatives of nicotinamide and isonicotinamide
with the triazine ring supplying the carboxamide
type function,5as shown for 111,

a variety of pharmacological effects associated
with these pyridine derivatives was evaluated.

No systematic pharmacological response was
noted which would permit an analysis of structure
vs. activity,6 although in general, the most active
structures were found with the alkylamino deriva-
tives of I, Py = 3- and 4-pyridyl. Upon evalua-
tion7 the following compounds showed antiin-
flammatory activity: 7(15 units/g.), 26 (4 units/g.);
analgesic activity: 27 (33% at 75 mg./kg.), 28
(83% at 330 mg./kg.). Compounds 2 and 24
showed diuretic action in rats, and also lowered
blood pressure significantly. Compound 17 had
4+ anticonvulsant activity associated with a
negative Evipal sleeping time response.

(5) F. C. Schaefer, J. R. Dudley and J. T. Thurston,
J. Am. Chem. Soc., 73, 3004 (1951).

(6) For pharmacological study of 5-(4-pyridyl)-3-amino-
1,2,4-triazols, see K. Biemann and H. Bretschneider,
Jonatsch. Chem., 89, 603 (1958).

(7) The following screening techniques applied have been
described, (a) Antiinflammatory activity: S. L. Shapiro,
H. Solowav, and L. Freedman: J. Am. Pharm. Assoc., Set.
Ed., 46, 333 (1957); (b) analgesic: C. Bianchi and J. Fran-
ceschini, Brit. J. Pharmacol., 9, 280 (1954); (c) anticonvul-
sant activity and Evipal sleeping time: S. L. Shapiro, 1. M.
Rose, E. Roskin, and L. Freedman, J. Am. Chem. Soc., 80,
1048 (1958); also ref. Ib; (d) diuretic: see ref. la: (e) blood
pressure: S. L. Shapiro, H. Soloway, and L. Freedman,
J. Am. Chem. Soc., 80, 2743 (1958).

/-ALKYL ESTERS OF AMINO ACIHS

EXPERIMENTAL

Reactants. The biguanides utilized in this study have been
described.8 Ethyl picolinate was prepared in 58% yield,
b.p. 118-122° (14 mm.), following the procedure described
for ethyl nicotinate.9

Pyridylguanamines of Table I. The compounds of Table |
were prepared by the same general procedure. A solution of
0.025 mole of toe biguanide hydrochloride (or nitrate) in
25 ml. of methanol was treated with 24 ml. (0.05 mole) of
23% sodium me:hoxide in methanol followed by 0.025 mole
of the pyridine carboxylic acid ester. The reaction mixture
was maintained at 20° for 24-48 hr. and then decanted into
60 ml. of water. After 72 hr., the precipitate was separated,
dried, and recrystallized.

Color reactions. Ferrous ion (200 mg./l.)D gave brown
solutions with compounds 46 and 47, and purple precipitates
with compounds 48 and 52. Compound 53 did not react
under these test conditions and may have been too insol-
uble. The 2-pyridylguanamines having an alkylamino sub-
stituent give a different color response from those with the
arylamino substituent.

The related compounds (1, 2, 7, 18, 23, 29, 24, 40) in the
3- and 4-pyridyl series gave no color with ferrous ion under
these conditions.

With cupric ion (500 mg./l.) a brown color was noted
with compound 46, and when the hydroxylamine hydro-
chloride solution was not added, a green color was obtained.
Compound 52 under similar conditions gave a brown and
green precipitate, respectively.

Acknowledgment. The authors are indebted to
Dr. G. Ungar and his staff for the pharmacological
screening of the compounds.

Yonkers I, N. v.

(8) (@) S. L. Shapiro, Y. A Parrino, E. Rogow, and L.
Freedman, J. Am. Chem. Soc., 81, 3725 (1959); (b) S. L.
Shapiro, V. A. Parrino, and L. Freedman, J. Am. Chem.
Soc., 81,3728 (1959).

(9) H. Gilman and H. S. Broadbent, J. Am. Chem. Soc.,
70,2755(1948).

(10) The procedure used was adapted from Official Meth-
ods of Analysis of the Association of Official Agricultural
Chemists, Association of Official Agricultural Chemists,
Washington, D. C., 8th Ed., 1955, p. 208; using 1 ml. of
test solution, 0.1 mi. of hydroxylamine hydrochloride solu-
tion, 0.5 ml. of acetate buffer solution and about 2 mg. of
the pyridylguanamine, and heating to boiling.

[Contribution from the Chemical Laboratory, University of California at Los Angelesl

A Convenient Synthesis of t-Alkyl Esters of Amino Acidsla

ARNULF VOLLMAR ana MAX S. DUNN

Received October 22, 1059

The preparation of /-alkyl esters of glycine, alanine and phenylalanine via the corresponding azido derivatives is described
and some of the characteristics of the compounds are pointed out.

A convenient synthesis of /-alkyl esters of amino
acids, desired for certain kinetic and microbiological
investigations, is reported in this paper. Standard
procedures for the preparation of amino acid
esters of primary and secondary alcohols are well
known and have been reviewed recently,1l but

amino acid esters of /-alcohols are less readily ac-
cessible because of the lability' of /-alcohols in acid
media. Amino acid esters of /-alcohols should be of
interest in peptide synthesis in view of their ready
hydrolysis under mild acid conditions.

The /-butyl and trichloro-/-butyl esters of N,N-
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dimethylglycine have been obtained through
amination of the corresponding chloroacetates
with dimethylamine23, Sheehan45 prepared t-
butyl 4-carboxy-5,5-dimethyl-a-amino-2-thiazoli-
dine, an intermediate in the synthesis of penicillin
by hydrazinolysis of the protective phthalyl
group.

In the present work it was practicable to intro-
duce the amino group by the? hvdrogenolvtic re-
duction of azides, a method first described by
Bertho and Maier.6 who obtained glycine ethyl
ester in 80% vyield by the hydrogenolysis of ethyl
azidoacetate with platinum oxide. More recently,
Bretschneider et alJ prepared O-ethyl serine ethyl
ester by this method. The bromo carbonic ester
derivatives, required for the synthesis of azido
carbonic esters, were prepared as colorless liquids
by acylating ¢-alcohols with bromoacetyl bromide
and a-bromopropionyl bromide. Minor acid-cata-
lysed decomposition sometimes occurred during
distillation of the esters, especially the high boiling
¢-amyl esters. Under such circumstances the t-
esters were washed with potassium carbonate solu-
tion to remove traces of acids. Decomposition was
minimal when the distillation was carried out at
low pressure. The ¢-butyl ester of a-bromo-/3-
phenylpropionic acid was prepared by the addi-
tion of isobutylene to the acid.3

The azido derivatives, prepared by refluxing the
bromo esters with sodium azide in aqueous acetone,
distilled smoothly to give colorless liquids. These
products may be stored without apparent change in
the refrigerator but become yellow within a few
days at room temperature. As alkyl azides9 act
to lower the blood pressure, azido esters may possess
similar toxic properties.

The ¢-alkyl esters of amino acids, obtained by
catalytic reduction of the azido group, were iso-
lated in high yields, usually as the hydrochlorides.
These salts melt at relatively high temperatures
and are virtually non-hygroscopic. This is in con-
trast to the »¢-butyl, isobutyl, n-amyl, and isoamyl

(1) (a) Paper No. 131. This work was supported  grants
from the American Cancer Society, the National Tuber-
culosis Association, the United States Public Health Service
and the University of California, (b) Theodor Wieland
elal., “Methoden der organischen Chemie” (Houben-Weyl),
cd. Eugen Mueller, Vol. X1/2, 4. Aufl., Thieme Verlag
Stuttgart, 1958, p. 355.

(2) R. WolfTenstein, A. Loewv, and M. Baehstez, Chem.
Rer.. 48,2035(1915).

(3) F. H. Westheimer and M. F. Shookhoff, J. Am.
Chem. Soc., 62,269(1940).

(4) J. C. Sheehan and P. A Cruiekshank, J. Am. Chem.
Soc., 78, 3677 (1956).

(5) J. C. Sheehan and K R. Hencrv-Logan, J. Am. Chem.
Soc., 79,1262(1957).

(6) A Bertho and J. Maier, Ann. Chem., 498, 50 (1932).

(7) H. Bretschneider, N. Karpitschka, and G. Piekarski,
Monalsh. Chem., 84, 1084 (1953).

(8) Org. Syntheses, 34, edit. W. S. Johnson, John Wiley &
Sons, Inc., New York 1954, p. 26.

(9) E. Werlo and R. Fried, Biochem. Z . 322, 507 (1952).
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ester hydrochlorides of glycine® and alanine, 1l
which are strongly deliquiescent, apparently be-
cause of coordination with water molecules.?2
It was advantageous to isolate glycine sec-butyl
ester as the non-hygroscopic oxalate rather than
the hygroscopic hydrochloride.

The azido esters showed characteristic infrared
absorption at 2120 cm.-1 and 1345-1353 cm.-1
because of the asymmetrical and symmetrical
vibrations of the X3group.13

Branched alkyl groups of alkanes show splitting
of the band correlated with the methyl symmetrical
deformation modes.¥ ¢-Butyl has two bands at
1397 and 1370 cm.-1, 3,3-dimethylpropyl at 1384
and 1367 cm-1.51n close accord with these results
obtained from the alkanes the ¢-alkyl esters ab-
sorbed in the same range. The ¢-butyl esters ab-
sorb at 1393 and 1367 cm.-1, the intensity of the
second band being about twice as much as the first;
the ¢-amyl esters absorb at 1383 and 1368 cm.-1
with less intensity differences and can be distin-
guished thereby from the ¢-butyl esters.

Aqueous solutions of ;-alkyl esters of amino acid
hydrochlorides turn acid on standing a few hours
at room temperature and this hydrolysis is ac-
celerated by heating the solutions. The main prod-
ucts are alkenes and ¢-alcohols. ¢-Butyl alcohol was
identified by its boiling point, refractive index, and
3,5-dinitrobenzoate as a product of the hydrolysis
of glycine ¢-butyl ester hydrochloride.

Gordon et a/.BT studied the aminolysis of
several series of esters varying the alkyl ester group.
They found a decreasing reaction rate in the order
of «-butyl, isobutyl, sec-butyl, and ¢-butyl and
attributed that result to the increasing electron
release effects as well as to steric hindrance. As
the self-condensation of free amino acid estersiB81
leading to peptide esters is also an ester aminolysis
a similar order could be expected for the stability
toward condensation. Glycine ¢-butyl ester is fairly
stable when stored at 26°. After one week the re-
fractive index had not changed and only traces of

(10) E. Abderhalden and Sh. Suzuki, Z. Physiol. Chem.,
176,103(1928).

(11) W. Th. J. Morgan, 3. chem. soc., 79 (1926).

(12) E. F. Mellon and S. R. Hoover, 3. Am. chem. Soc.,
73,3879(1951).

(13) L. J. Bellamy, The Infrared Spectra of Complex
Molecules, Methuen and Co., London 1958, p. 274.

(14) H. L. MoMurray and V. Thornton, Anal. Chem.,
24,318(1952).

(15) N. Sheppard and D. M. Simpson, Quarterly Reviews,
7,22(1953).

(16) M. Gordon, J. G. Miller, and A R. Day, 3. Am.
Chem. Soc., 70, 1946(1948).

(17) M. Gordon, J. G. Miller, and A. R. Day, 3. Am.
Chem, Soc., 71, 1245(1949).

(18) C. H. Bamford, A. Elliott, and W. E. Hanby,
Synthetic Polypeptides, Academic Press Inc., New York,
1956, p. 17.

(19) E. Katchalski and M. Sela, Advances in Protein
chemistry, Vol. XIII, Academic Press Inc., New York
1958, p. 335.
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TABLE |
Physical Constants and Elementary Analysis of (-Alkyl Esters of Amino Acids and Related Compounds
Analyses
Yield, Carbon, %  Hydrogen, % Nitrogen, %
B.P./Mm. »Db % Formula Calcd. Found Calcd. Found Calcd. Found
sec-Butyl bromoacetate” 80.5/17 14450 72 CH,,Bro2 36,94 3681 568 584
¢-Butyl bromoacetate* 62-63/12 1.4425 78 CH,,Br02 t
¢-Amyl bromoacetate* 84/16;36/1  1.4486 74 C,H1Br02 40.21 40.08 6.27 6.17
¢-Butyl a-bromopro-
pionate 62/13 14374 71  CHIBr02 40 21 40.00 6.27 6.31
i-AmyI_a-bromo- 86-86/16; 1.4440 67 CeH,8Br02 43 06 4311 6.77 6.57
propionate 36/1
sec-Butyl azidoacetate 89/17 14343 88 C&H,ND2 4584 4593 7.05 6.97 26.73 26.54
¢-Butyl azidoacetate 72%57)32/3%%8 14332 95  CeHnNaCh 4584 4556 7.05 7.04 26.73 26.49
¢-Amyl azidoacetate 92/16;44/1 14389 94 ch ,h D2 49 10 49.04 765 7.41 2454 2463
¢-Butyl a-azido- 73/14 14251 91 CH®IND2 49.10 4891 7.65 7.74 2454 2478
propionate
¢-Amyl a-azido- 92-93/17,; 14327 93 chthd2 5187 5196 8.16 7.98
propionate 44/1
sec-Butyl glycine oxalate  139° (m.p.) 71 c,,hZh D8 4771 4759 8.01 7.95
¢-Butyl glycinate 57/13;68/21 14222 81 cthlho? 5493 5517 999 981 10.68 10.96
¢-Butyl glycinate 136° (m.p.)“ 89 CeHnCINCL 4298 42,92 841 838 835 8.47
hydrochloride
¢-Butjd glycinate oxalate  156° (m.p.) 76  CG-iRy'WN278 4771 4793 801 7.98
¢-Amyl glycinate 80.5/17; 14291 8 CH,NO02 57.90 57.86 1041 1044 9.64 954
¢-Amvl glycinate hydro- 35/1 8 ch ino2 46.28 4624 887 871 7.71 7.91
chloride 121° (m.p.)*
¢-Butyl DL-alaninate 58/13 14155 8 chlno?2 57.9C 58.08 1041 1057 9.64 9.88
¢-Butyl DL-alaninate 144° (m.p.)“ 0 chikcino2 46.28 4654 887 888 7.71 7.89
hydrochloride
¢-Amyl DL-alaninate 80.5/17 14235 83 ch ho? 60.34 60.21 10.76 10.70
¢-Amyl DL-alaninate 135° (m.p.)“ 89  CH,CINO2 49.01 4895 9.27 9.17 7.16 7.37

hydrochloride

“ Lachramatory. 4 See ref. 21.“ The ester hydrochloride melts with decomposition with liberation of alkene and formation

of residual amino acid hydrochloride.

peptides were revealed by paper chromatography.
On the other hand the index of refraction of glycine
isobutyl ester increased appreciably in a few hours,
and the peptides formed after two days approxi-
mated those observed for a sample of glycine t-
butyl ester stored for four months.

EXPERIMENTALZ21L

Reagents. Bromoacetyl bromide, a-bromopropionyl bro-
mide, ¢-butyl alcohol, sec-butyl alcohol, and ¢-amyl alcohol
were Eastman’s products. The alcohols were purified by frac-
tional distillation. Dimethylaniline was dried over potassium
hydroxide and distilled. Skelly B boiled at 60-70°.

t-Butyl bromoacetate. In a three-neck flask, fitted with a
stirrer, a calcium chloride tube and a dropping funnel were
placed 124 g. (1.02 mol.) dimethyl aniline, 74 4. (1 mol.)
¢-butyl alcohol and 165 ml. ether. A 200-g. sample (0.99
mol.) of bromoacetylbromide was run into the stirred solu-
tion within 1 hr. while the flask was cooled in an ice bath.
Stirring was continued for 4 hr. at room temperature. The
crystallized dimethylaniline hydrobromide was dissolved
by addition of 150 ml. of water; the ether layer was treated
with three 40-ml. portions of 10% sulfuric acid, then with
sodium bicarbonate solution and water. The organic phase
was dried over sodium sulfate and filtered. The ether was
distilled through a Vigreux column and the ester was frac-
tionated at reduced pressure. A 152-g. sample (78%) of@

(20)
the compounds listed in Table I. (b) R. Grewe, Chem. Ber.,
76,1081(1943).

(a) Each synthesis is typical of that used to prepare

colorless ¢-butyl bromoacetate, boiling at 69-70.5°/17-18
mm. was obtained. For the preparation of the ¢-amyl esters
the ether was removed at slightly reduced pressure. The dis-
tillation of the ¢-amyl ester was carried out with the vacuum
oil pump.

t-Butyl azidoacetate. To 39 g. (0.6 mol.) sodium azide in
150 ml. 60% (v/v) acetone were added 78 g. (0.4 mol.)
¢-butyl bromoacetate. Two phases were formed. The mix-
ture was refluxed on a steam bath for 14 hr. The acetone was
removed through a column. The oil was dissolved in 100 ml.
ether and the aqueous phase was extracted with two 70-ml.
portions of ether. The combined ether solutions -were dried
over anhydrous sodium sulfate and filtered. The ether was
distilled through a column. Fractionation gave 60 g. (95%)
azido ester, boiling at 79-80.5°/18 mm.

Glycine t-butyl ester hydrochloride. A 23.6-g. sample (0.15
mol.) of ;-butyl azidoacetate, 200 ml. methanol, and 500
mg. palladium-charcoal (5% palladium) were placed in all.
three-neck flask equipped with a condenser and a gas dis-
persion tube with fritted cylinder. Hydrogen was passed
through the solution at room temperature for 10 hr., the
mixture being stirred magnetically. The filtered solution was
adjusted to pH 5.0 by slow addition of methanolic hydrogen
chloride, the acidity being measured with a pH meter. The
solution was evaporated under reduced pressure, 400 ml.
ether added and the crystalline material stored overnight
in the refrigerator. The product was filtered, washed with
ether and dried over sulfuric acid in a desiccator; yield,
21.6 g (90%). The hydrochloride can be recrystallized from
cold chloroform-ether, chloroform-Skelly B or ethanol-ether.

Glycine t-butyl ester. A 16.7-g. sample (0.1 mol.) of glycine
¢-butyl ester hydrochloride was dissolved in 30 ml. methanol.
Triethylamine 10.2 g. (0.1 mol.) and 400 ml. ether were
added. After standing overnight in the refrigerator, the tri-
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ethylamine hydrochloride was filtered, the ether distilled
through a Vigreux column, and the ester fractionated at
reduced pressure; yield, 10.7 g. (81%), b.p. 68°/21 mm.
Liberation of the amino acid ester by passing dry ammonia
through the suspension of the hydrochloride in ether also
gave satisfactory yields.

t-Butyl hippurate (benzoyl glycine t-hutyl ester). A 3.35-g.
sample of glycine /-butyl ester hydrochloride was dissolved
in 10 ml. of water; a solution of 2.0 g. sodium hydroxide in
10 ml. of water was added, the mixture was cooled with
ice, and 2.8 g. benzoyl chloride was added while the mixture
was shaken. The crystalline material which separated was
dissolved in 50 ml. of benzene. The benzene layer was
washed with water, dried over anhydrous sodium sulfate,
and concentrated under reduced pressure. Addition of
Skelly B immediately caused crystallization of a colorless
substance. After standing at low temperature for some
hours, the crystalline material was filtered and dried; yield,
35 g (74%), m.p. 109-110°. The substance crystallizes
well from hot Skellv B.

Aml. Calcd. for CIHIi,NO3 C, 66.36; H, 7.28; X, 5.95.
Found: C, 66.49; H, 7.37; N, 6.11.

The same compound was obtained by reaction of hippurvl
chloride and /-butyl alcohol in the presence of pyridine, by
the silver salt method (/-butyl bromide and silver hippurate)
and by ester interchange of methyl hippurate with /-butyl
alcohol and sodium Z-butoxide. However, the yields never
exceeded 30% by any of these methods.

t-Amyl hippurate. Preparation was analogous to the /-butyl
ester. Yield, 76%; m.p. 76-77°, recrystallized from Rkellv B.

Anal. Calcd. for CnHiaNOs: C, 67.44; H, 7.68. Found: C,
67.28; H, 7.75.

Benzoyl-mj-alanine-i-bulyl ester. Preparation was analogous
to the glycine derivative. Yield, 68%, m.p. 99°, recrystal-
lized from Skelly B.

Anal. Calcd. for ChHisNOr C, 67.44; H, 7.68. Found: C,
67.70; H, 7.59.

DmPhenylalanine t-bulyl ester hydrochloride. A 50-g. sample
of a-bromo-(3-phenylpropionic acid, obtained from bromo-
benzylmalonic acidZb by decarboxylation, was dissolved in
50 ml. of ether. The solution was placed in a 250 ml. pressure
bottle, chilled in an ice bath, and 2.5 ml. of concentrated
sulfuric acid and 50 ml. of liquid isobutylene were added.
The mixture was shaken at room temperature for 7 hr.,

(21) B. Abramovitch, T C. Sivers, B. E. Hudson, and
C. R. Hauser, J. Am. Chem. Sor., 65, 986 (1943).
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cooled before opening the bottle, and transferred to a sepa-
ratory funnel containing a solution of 34 g. sodium hydroxide
in 125 g. water, 130 g. ice, and 50 ml. of ether. The mixture
was shaken vigorously, the ether layer was separated, and
the aqueous phase was extracted twice with 70-ml. portions
of ether. The combined ether extracts were dried over anhy-
drous sodium sulfate. The isobutylene and the ether were
distilled through a Vigreux column, and the solvents were
removed at 20 mm. and a bath temperature not exceeding
50°. The 48 g. of slightly yellow-colored oil obtained was
used without further purification.

A 38.7-g. sample of the ester was dissolved in 100 ml. of
acetone. This solution was added to a mixture of 19 g. so-
dium azide in 50 ml. of water and the mixture was refluxed
for 20 hr. The acetone was removed by distillation and the
remaining oil was worked up in the usual way. The frac-
tionation gave 30.4 g. (90%) of the azido ester as a colorless
oil. boiling near 112° at 1mm.;n2 = 1.4976.

Anal. Calcd. for C,,H,,N.,02 C, 63.13; H, 6.92; N, 16.99.
Found: C, 62.96; Id, 7.03; N, 17.04.

A 12.3 g. sample (0.05 mol.) of the azide was dissolved in
300 ml. of methanol and hydrogenated as described before.
The solution was adjusted to pH 4.9 with methanolic hy-
drogen chloride and evaporated under reduced pressure.
Addition of ether gave 10.9 g. (85%) of the hydrochloride
as colorless needles; m.p. near 228-230° (dec.).

Anal. Calcd. for CIHINO02-HC1: C, 60.57; H, 7.82;
N, 5.43. Found: C, 60.52; H, 7.72; X, 5.56.

The benzoyl derivative of the ester was obtained in a
vield of 79%; m.p. near 84°. It can be recrystallized from
Skelly B.

Anal. Calcd. for C2HZNO3 C, 73.81; H, 7.12. Found:
C, 73.86;H, 7.05.

Infrared-Spectra. Infrared data were obtained by meas-
uring the absorption of 10% solutions of the esters in chloro-
form with a Perkin-Elmer Model 21 Spectrophotometer.

N ote Added in Proof: Since this work was com-
pleted two communications on t-butyl esters of
amino acidsZdand its acyl derivatives13 have ap-
peared.

Los Angei.es 24, Calif.

(22) R. W. Roeske, Chem. & Ind., 1121 (1959).
(23) E. Taschner, B. Liberek, Cz. Wasielewski, and J.
Biernat, Z. angew. Chem., 71, 743 (1959).

[Contribution from the Radium Institute of the University of Paris]

1,2,5-Trisubstituted Pyrroles of Pharmacologic Interest

R. RIPS, cn. DERAPPE, ana X. P. BUU-HOI
Received September 9, 1959

A large number of 2,5-disubstituted pyrro.es bearing an aromatic or a heterocyclic substituent in position 1 have been
prepared, most of them for evaluation of their antispasmodic activity.

In previous papers, we have recorded the pro-
nounced antispasmodic activity of several 2,5-
dimethyl- and 2-methyl-5-phenyl- pyrroles hear-
ing in position 1 an alkoxyphenyl group.¥These
compounds, especially I-(2-/?-diethylaminoethoxy-
phenyl)-2-methyl-5-phenylpyrrole (I), showed a
musculotropic spasmolytic activity several times

(1) N. P. Buu-Hoi, R. Rips, and R. Cavier, ./. Med.
Pharm. Chem., 1, 23(1959).

greater than that of papaverine, although their
neurotropic spasmolytic potency was generally
considerably less than that of atropine. Spasmolytic
activity has also been encountered in a number of
2,5-disubstituted 1-pvridylpyrroles,2 although to
a lesser degree. These various observations
prompted the synthesis of further members of

2) N. P. Buu-Hoi, R. Rips, and R. Cavier, J. Med.
Pharm. Chem., in press.
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TABLE |
1,2,5-Triscbstituted Pyrroles With a Nitrogen Heterocyclic Substituent
Analyses
M.P., __ Caled. Found
Pyrrole Formula -c. B.P, °C. C H N C IS
I-(2-Pyridyl)-2,5-dimethyl-a CnHuUN, — 151-152/15
mm.

I-(2-Pyridyl)-2-methyl-5-phenyl- CHHMN2 o7 215/18 820 6.0 119 81 6.0 1o
I-(2-Pyridylmethyl)-2,5-dimethyl-b CpHIAN2 53 152-153/14 15.0 151
I-(2-Pyridylmethyl)-2-methyl-;phenyl-c ch®? 78 213/14 1.3 ns
I-(2-Pyridylmethyl )-2,5-diphenyl- CwHEN. 143 261/14 9.0 9.3
I-(3-Pyridylmethyl)-2,5-dimethyl- CizH uN 2 61 174/17 15.0 15.0
I-(3-Pyridylmethyl)-2-methyl-5-phenyI-li chln?2 77 221-222/17 n.3 11.2
I-(3-Pyridylmethyl)-2,5-diphenyl-e CxeH LN: 145 266/18 9.0 9.1
I-(4-Pyridylmethy1)-2,5-dimethy I-f ch¥h? 75 182/18 5.0 15.2
I-(4-Pyridylmethyl )-2-methy1-5-phenyl-9 ch¥2 82 224-225/18 N3 11.4
I-(4-Pyridylmethy 1)-2,5-diphenyl-A czhBh?2 171 267-268/14 9.0 9.1
I-(6-Meth}d-2-p3TIdj'Imethyl )-2.5-dimethyl- Ci3H N2 61 148-15C/12 14.0 14.0
I-(6-Methyl-2-pyridylmethyl)-2-methyl-5-phenyI- cB 2 100 210-212/13 10..6 10.5
I-(6-Methyl-2-pyridylmeth.yl)-2,5-diphenyl- cy23H20iN. 106 258-260/13 8.6 8.5
I-Picolinoylamino-2,5-dimethyl- CIHIEAMO 151 218/17 670 6.1 195 6.8 6.4 19.7
I-Nicotino3damino-2-meth3'l-5-phenjd- CnHi6NsO 163 282-284/14 736 5.5 152 73.8 5.7 152
I-Nicotinoylamino-2,5-diphenyl- C22HnN30 248 316-318/14 779 5.1 124 77.8 55 124
I-Isonicotino3riamino-2-methyl-5-phenyl- CnHi6NsO 185 279/13 736 55 152 73.6 57 152
I-Isonicotinoylamino-2,5-diphen3'l- CZHIND 260 — 779 5.1 124 77.9 51 126
1-[5-(1,3,4-Triazol31) ]-2,5-dimetii3d- cshlh4 203 263/18 34.6 34.4
1-[5-(1,3,4-Triazolyl) ]-2-methyl-5-phenyl- c,h,lh4 198 215/15 25.0 24.7

* Cf. N. P. Buu-Hoi, J. Chem. Soc., 2882 (1949); the hydrochloride had m.p. 127°.6 Hydrochloride, m.p. 175-176°.c Hydro-
chloride, m.p. 165°. d Hydrochloride, m.p. 149-150°. e Hydrochloride, m.p. 174-175°. / Hydrochloride, m.p. 175°. gHydro-

chloride, m.p. 150°. h Hydrochloride, m.p. 140°.

both categories of pyrroles for pharmacological
evaluation.

The Knorr-Paal condensation3 of hexane-2,5-
dione, phenacylacetone, and 1,2-dibenzoylethane
ivith the three isomeric picolylamines and 2-
aminomethyl-6-methylpyridine was affected with
excellent yields in all instances. The characteristics
of the reaction products obtained (Formula II)
are listed in Table I, along with the Knorr-Paal
condensation-products (Formula I11) of the same
y-diketones with the hydrazides derived from the
three isomeric pyridinecarboxylic acids. It is to be
noted that both hexane-2,5-dione and phenacyl-

CH.JCU.H,
O—CH2—CH2—N
xchb
r-"n™ -r
(lh2 I\IIH
Il Py 1" p°~py

acetone readily yielded pyrroles with 2-amino-
pyridine, although Bishop,4 using a different tech-
nique, was unable to condense hexane-2,5-dione
with 2-aminopyridine. Our technique was also
applied with success to the condensation of the
above y-diketones with more complex hetero-

(3) L. Knorr, Ann., 236, 313 (1886); C. Paal, Ber., 18,

2254(1885).
(4) W. S. Bishop, J. Am. Chem. Soc., 67, 2261 (1945).

cyclic amines, such as 5-amino-1,3,4-triazole which
gave compounds of Formula IV.

/CHs
-CH2—N
CH8

In order to investigate the influence of the intro-
duction of a bromine atom on spasmolytic activity
in compound 1, 1-(2-/3-diethylaminoethoxyphenyl)-
2-methyl-5-p-bromophenylpyrrole (V) was pre-
pared. Its synthesis involved a Friedel-Crafts
condensation of levulinic acid chloride with bromo-
benzene to give p-bromophenacylacetone (VI)
whose Knorr-Paal condensation with o0-amine-
phenol yielded [-0-hydroxyphenyl-2-methyl-5-p-

Br -CO —CHZ -ch2—CO—ch3
Vi

bromophenylpyrrole ; alkylation of this last with
/3-diethylaminoethyl chloride afforded the required
basic ether V. For assessing the effect of the re-
placement of the ether linkage in compound | by
a thioether bond, I-(2-d-diethylaminoethylthio-
phenyl)-2-methyl-5-phenylpyrrole (VII) was syn-
thesized in the usual way, from 1-o-mercapto-
phenyl-2-methyl-5-phenylpyrrole. Lastly, a basic
ester of a pyrrole acid, namely the /3-diethylamino-
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TABLE 11
2,5-Disubstittjted 1-Arylpyrroles
Analyses
UP p Calcd. Found
Pyrrole Formula °C. °C. C H C H
I-(2-Mercaptophenyl)-2-methyl-5-phenj'l-4 cTh Ins 91 212/14mm. 76.9 5.7 770 5.7
I-(2-Mercaptophenyl)-2,5-diphenyl-a C2ZHINS 139 258/14 80.7 5.2 80.7 5.2
I-(5-Hydroxy-I-naphthyl)-2-methyl-5-phenyl-6 cZhlho 157 - 842 5.7 839 538
I-(3-Hydroxy-2-naphthyl)-2-methyl-5-phenyl-4 cZh Tho 118 - 842 57 842 5.7
I-(7-Hydroxy-2-naphthyl)-2-methyl-5-phenyl-i’ C2H,,NO 162 285-287/11 842 5.7 83.7 5.7
I-(2-Hydroxyphenyl)-2-methyl-5-(4-bromophenyl)-"  C,H¥BrNO 144 245/11 62.2 4.3 62.6 4.5
I-(2-Carboxyphenyl)-2-methyl-5-phenyl-c C,sHINO02 187 255/17 780 55 778 5.6
I-(2-Carboxyphenyl)-2,5-diphenyl-c cZhTho? 252 296/15 814 51 81.3 5.0

a Crystallization from cyclohexane. 6 Crystallization from a mixture of benzene and cyclohexane. c¢ Crystallization from

acetic acid.

ethyl ester of I-o-carboxyphenyl-2,5~dimethylpyr-
role (VIII) was prepared; this acid, obtained by

Knorr-Paal condensation of hexane-2,5-dione with
anthranilic acid, is included in Table Il along with
other new 2,5-disubstituted 1-arylpyrroles pre-
pared in the course of this work.

Preliminary experiments show compounds V and
V11 to possess a musculotropic spasmolytic activity
greater than papaverine hydrochloride when tested
in the perfused rat duodenum against spasms
induced by barium chloride; compound VIII
proved to be only slightly active in the same test.

EXPERIMENTAL

Knorr-Paal reactions. The condensation of the various
7-diketones with aromatic and heteroc3clic primary aryl-
amines was performed in every instance without a catalyst,
by heating the mixture for 15 min. to 1 hr. to above 100°,
until steam had ceased to evolve. An excess of the diketone
was used, and the reaction product was in most cases sep-
arated by vacuum fractionation; in the other cases, direct
crystallization was effected. Yields ranged from 35% (con-
densations with aminonaphthols) to 90% (condensations
with low-boiling amines). Recrystallizations were from ben-
zene or cyclohexane in the case of pyridyl-substituted pyr-
roles, and from ei'clohexane or acetic acid in the case of
aryl-substituted pyrroles.

p-Bromophenacylacetone (V1). To 58 g of levulinic acid
was added 62.5 g. of thionyl chloride (both freshly redis-
tilled), in small portions with stirring, and the mixture was
heated at 50° for 1 hr.; the excess thionyl chloride was dis-
tilled off, and the residue vacuum-fractionated, giving 46.5
g. of a colorless liquid, b.p. 80°/15 mm. To a well stirred

suspension of 55 g. of aluminum chloride in 300 ml. of bromo-
benzene, the foregoing chloride was added dropwise; the
mixture was kept at room temperature for 15 rrin., then
heated at 65° for 1 hr., and left overnight at room tempera-
ture. After decomposition with ice and hydrochloric acid,
the organic layer was collected, washed with water, then
with 5% aqueous sodium hydroxide, and dried over sodium
sulfate. The bromobenzene was distilled off in vacuo, and
the residue fractionated, giving a 60% Yyield of p-bromo-
phenacylacetone, b.p. 180°/13 mm., crystallizing from
cyclohexane in shiny colorless needles, m.p. 85°.
" Anal. Calcd. for C,,H,,Br0z C, 51.8; H, 4.4. Found: C,
51.8; H, 4.4.
1-(2-fi-Diethylaminoethoxyphenyl)-3-methyl-5-p-bromo-
phenylpyrrole (V). To a solution of 11.5 g. of I-(2-hydroxy-
phenyl)-2-methyl-5-(4-bromophenyl)pyrrole and 2.5 g. of
sodium hydroxide in 50 ml. of ethanol, 8 g. of freshly dis-
tilled /3-diethylaminoethyl chloride was added portionwise
w-ith stirring; once the reaction had subsided, the mixture
was refluxed for 1 hr. The ethanol was then distilled off,
w-ater added, and the reaction product taken up in chloro-
form; the organic layer was w-ashed with water and dried
over sodium sulfate. The residue from evaporation of the
solvent afforded on vacuum fractionation, 10 g. of a viscous
j-ellowoil, b.p. 253-255°/I1 mm.

Anal. Calcd. for CZHZBrND : C, 64.7; H, 6.4; N, 6.6.
Found: C, 64.5; H, 6.4; N, 6.7.

The corresponding hydrochloride, prepared by treating the
free base in ethereal solution with the equimolar amount of
hydrogen chloride, crystallized from ethanol benzene in
colorless prisms, m.p. 156°.

1-{2-0-Diethylaminoethylthiophenyl)-2-methyl-5-phenylpyr-
role (VII). Prepared similarly from l-o-mercaptophenyl-2-
methyl-5-phenylpyrrole, this ether was a viscous .yellow oil
w-hich could not be distilled without decomposition, and
w-hich .yielded a hydrochloride, crystallizing from ethanol-
ether in colorless prisms, m.p. 135°.

Anal. Calcd. for CZHZCINZS: C, 68.9; H, 7.2. Found:
C, 68.6;H, 7.5.

0-Diethylaminoethyl ester of I-o-carboxyphenyl-%,5-dimethyl-
pyrrole (VI11I). This ester, obtained from the sodium salt
of the corresponding acid (prepared from 6 g. of the acid
and 11 g. of sodium hydroxide) and 4 g. of /3-diethylamino-
ethvl chloride, was a pale yellow- oil, b.p. 217°/17 mm., w'J
1.5432; .yield: 5.2 g.

Anal. Calcd. for C~lLsbbOs. C, 72.6; H, 8.3; N, 8.9.
Found:C, 72.3; 11, 8.3; N, 9.2.

The corresponding hydrochloride crystallized from ethanol-
ether in fine colorless prisms, m.p. 121°.

Paris (Ve), France
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HYPOTENSIVE AGENTS. XIlI

fContribution from the Department of Pathology, tiie Georgetown University Medical Center]

Hypotensive Agents. X1l. The Exo and Endo Isomers of X-Dimethylaminoethyl-
4-methyl-4,7-emZo-oxyperhydroisoindole Bis-methonium Cationl2

LEONARD M. RICEZana CHARLES H. GROGAN*

Received June 12, 105!)

In studying the structure-activity relationship of bis-quaternary ammonium salts in lowering blood pressure, the com-
pound ea:o-cis-Af-dimethylaminoethyl-4-methyl-4,7-emio-oxyperhydroisoindole bis-methonium cation was found to be a very
potent agent and nontoxic. The endo-cis stereoisomer was synthesized and its activity in this respect was essentially the same

as that of the previously reported exo-cis derivative.

It has been demonstrated that the bis-metho-
nium salt of JV-dimethylaminocthyl-4-methyl-4,7-
ewlo-oxyperhydroisoindole, our code H-2, is a very
potent hypotensive agent both in animals and man5
with an extremely large therapeutic index.6
In the various series of symmetrical and unsym-
metrical quaternary ammonium compounds pre-
pared previously by us7and others, mainly Caval-
lito and co-workers,8changing the size of the cationic
group greatly influenced the pharmacological
activity. We have recently shown9 that changing
the bridging within the ring system making up the
cationic group, a change in the molecular size and
shape, greatly influenced the usefulness of the result-
ant compounds as hypotensive agents.

Examination of the structure of H-2, shows that
there are two forms of this compound depending
on the position of the pyrrolidine ring with respect
to the oxygen atom in space. These are shown by
the structures A and B. In practice the evo isomer,
A, is generally represented as having the pyrroli-
dine ring and oxygen atom on the same side of the
plane and the endo form, B, as having them on the
opposite sides. It was felt that this type of space-
structure relationship might furnish another means
of obtaining additional information on structure-
activity relationships. With these facts in mind,
we have now prepared the exo and endo isomers of
H-2 and compared their pharmacological activity.

(1) Presented in part before the Medicinal Chemistry
Division, American Chemical Society, 134th National
Meeting, Chicago, 111, Sept., 1958.

(2) Supported by a research grant from the Geschickter
Fund for Medical Research, Inc.

(3) Present Address: Wyeth Institute for Medical Re-
search, Radnor, Pa.

(4) Present Address:
Bethesda 14, Md.

(5) L. M. Rice, C. H. Grogan, and E. E. Reid, J. Am.
Chem.Soc., 75,4911 (1953).

(6) C. H. Grogan and L. M. Rice, U. S. Patent 2,784,199,
March 5,1957.

(7) L. M. Rice and C. H. Grogan, J. Org. Chem., 24, 7
(1959).

(8) C.J. Cavallito, A. P. Gray, and T. B. O’Dell, .4rc/i.
intern, pharmacodynamic,, 101, 38 (1955).

(9) L. M. Rice and C. H. Grogan, J. Org. Chem., 23, 844
(1958).

National Institutes of Health,

CH3 +

B: Endo ' I-

The synthesis of the desired exo and endo isomers
was carried out by first preparing the phthalic
anhydrides o: the proper configuration. When
maleic anhydride and 2-methyl furan are con-
densed according to the method of Alder and
Backendorf,J@the resultant A4monoene adduct,
I, has the exo configuration. Woodward and Baerll
have shown this to be the case with maleic anhy-
dride and furan. On hydrogenation of I, the exo-
cis perhydrophtitalic anhydride, 11, is obtained.
Condensation of diethyl acetylene-1,2-carboxylate
with 2-methyl furan based on the procedures of
Alder and Rickert,22 Alder and BackendorfD
and Diels and OlsenByields the A'A-dienc adduct,
HI. This adduct on hydrogenation absorbed one
mole of hydrogen and vyielded the A'-cyclohex-
ene, 24 IV. On saponification the corresponding
acid, V, was obtained. On further hydrogenation
of V, one mole of hydrogen was absorbed and the
endo-cis perhydrophthalic acid, VI, was obtained.
This acid was converted to the corresponding
anhydride, VII, on treatment with acetyl chloride
and acetic anhydride.

The Adacid from | differed from the A'-acid, V.
The anhydride, VII, in view of the work of Wood-
ward and Baer,1Lis thus the endo form, although the
opposite assignment was applied by earlier German
workers. D12

The anhydrides 1l and VII were treated with
dimethylaminoethylamine as previously described6
to yield the amie acids which were cyclized to the

(10) K. Alder ar.d K. H. Backendorf, Ann., 535, 101
1938).
( (11; It. B. Woodward and H. Baer, J. Am. Chem. Soc..
70, 1161 (194S).
(12) K. Alder and H. F. Rickert, Ber., 70, 1354 (1957).
(13) O. Diels and 3. Olsen, J. prakt. chem., 156, 185(1940).
(14) O. Diels and K. Alder, Ann., 490, 251 (1931).
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TABLE |
Analytical Data
Analysis
Carbon, % Hydroge'll, 7¢ Xitroge h, 7c Oxygen, 7C Chlorine, rc Iodine,)%

Compound Caled. Found Caled. Found Caled. Found Caled. Found Caled. Found Caled. Found
Exoimide 61.88 61.74 7.99 8.07 1110 1112 - = 12.28  12.38“ — —
Endo imide 61.88 61.67 7.99 774 1110 1115 19.02 19.03 12.28 12.21* — —
Exo base 69.60 69.38 10.78 1001 1249 12.19 - - 23.86 23.94* — —
Endobase 69.60 69.50 10.78  10.61 1249 12.69 7.13 7.14 2386 23.78" — —
Exo H-2 35.45 35.34 5.95 5.52 5.51 5.45 - - — — 49.94 49.90
EndoH-2  35.45 35.40 5.95 5.71 551 5.45 — - — — 49.94 49.84

“ Imide hydrochloride.6 Base dihydrochloride.

corresponding imides. These were in turn reduced
with lithium aluminum hydride to yield the de-
sired isoindole bases from which derivatives were
prepared.

(0]
I: \VAN //
C C\
> :

s CV (VCHI

H,-I'd ¢

A comparison of the melting points of the deriv-
atives of the ero and endo forms is shown in Table
II. Except in the case of the starting anhydrides
and the base dihydrochlorides they are nearly
identical. However, a marked depression of the
melting points was obtained in all cases on mixing
the isomeric forms.

Although there was little doubt from the analyti-
cal data, (Table I) that the materials were pure and,
as shown by the mixed melting points, (Table II)
different, additional evidence was obtained from
the infrared spectra and x-ray diffraction patterns
of the crystalline dimethonium salts. The infrared
spectra of each stereoisomeric form, although
generally similar, exhibited distinct differences.
The spectra were obtained in potassium bromide
pellets using a Perkin Elmer Model 221 spectro-
photometer. The multiplicity of f-equencies as-
sociated with single bond C-X, C-C, and C-0
stretching modes, and the large influence of the

environment on them, renders them less useful in
identifying structural units than in the identifi-
cation of particular molecules. With these facts
in mind, the major differences between 7 and 13 u
are summarized. The exo form had absorption
bands at 7.09M, 8.12M, 9.19W, 10.55W, 11.64S
and 12.20/5w which did not occur in the spectrum
of the endo form. The endo form had bands at 7.53-
WW, 7.70W, 8.64W, 10.08S and 11.80/aS which did
not occur in the exo spectrum. In addition there
were significant shifts in corresponding bands with
accentuation or attenuation throughout the spec-
tra. The two bands 7.53juWW and 7.61/IW of the
endo form were replaced by a single 7.61pS band in
the exo spectrum and the very weak band at 7.97y
of the endo form was resolved into a very weak
doublet at 7.94/a and 7.99/x in the exo form.

TABLE Il
Melting Point °
Compound Exo Endo Mixed exo-endo
Anhydride 105-106 87 68-70
Imide- HC1 260 261-262 247
Isoindole- 2 KC1 237 213-214 205-208
Isoindole-2OHJ  233-234  233-234 220-222

The x-ray diffraction patterns, kindly obtained
for us by Dr. Herman Xoelther of the Celanese
Corporation of America, also showed distinct dif-
ferences in structure.

These two exo and endo isomeric forms of H-2
when evaluated as hypotensive agents in dogsb
displayed, as far as we were able to discern, almost
identical activity. Hence it has been shown that
this change in shape in the molecule of the very
active hypotensive agent, H-2, from exo to endo
produced little or no change in toxicity or pharma-
cological activity.

EXPERIMENTAL

Exo-cis-3-methyl-3,f}-endo-oxyhexahydrophthalic anhydride.
Maleic anhydride, 40 g. (0.50 mole) was mixed in anhydrous
ether solution with 41.1 g. (0.50 mole) of 2-methyl furan and
let stand two days. The ether was removed in vacuo and the
resultant Adadduct hydrogenated in ethyl acetate at room

(15) \Y. E. O'Malley, G. Winkler, L. M. Rice, and C. F.
Geschiekter,J. Am. j‘harm. Assoc. Sci. Ed., 46, 346 (1957).
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temperature over 5% palladium on charcoal. The catalyst
was filtered and the solvent removed in vacuo. The desired
anhydride was obtained in colorless blocks in nearly quanti-
tative yield, m.p. 99-101°. Recrystallization from benzene
or ethyl acetate raised the m.p. to 105-106°. The unreerys-
tallized material is suitable for subsequent steps without
further purification. The Aladduct cannot be recrystallized
with heating as it decouples.

Endo-cis-3-m"thyl-$,6-endo oxyhexahydrophthalic anhydride.
Acetylene-1,2-diethyl carboxvlate, 85 4. (0.50 mol.) and
2-methvl furan, 41.1 g. (0.50 mol.) were heated together at
100° for 20 hr. without solvent essentially as described12134
for furan and homologs. At the end of this period, all volatile
products were removed by heating in vacuo at 70-80°.
The adduct, a reddish brown oil, shown to be a Al'4endo-
oxycvclohexadienel? in the case of furan and acetylene-
1,2-diethyl carboxylate, was hydrogenated in acetone with
5% palladium-charcoal to yield the A'-adduct which was
saponified with 20% methanolic potassium hydroxide to the
free acid. This was obtained by evaporation to dryness on
the whter hath and extraction of the residue with two 200-
ml. portions of ether. The ether was stripped and the re-
sultant A'-acid hydrogenated in methanol with 5% palla-
dium-charcoal to yield the, saturated ac.id. This was con-
verted to the endo-cis anhydride by treatment with acetic
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anhydride containing 10% acetyl chloride and melted at
77-80° after distillation of excess reactants. Recrystallization
from benzene, ethyl acetate, or acetone-ligroin raised the
melting point to 87°.

Imides. The dimethylaminoethylimides of both anhy-
drides were prepared as previously described5 by direct
reaction of molar equivalents of the anhydrides and di-
methylaminoethvlamine without solvent. The imides wer
isolated as colorless oils boiling in the range 120-130°/
0.2 mm. Imide hydrochlorides were prepared in isopropyl
alcohol with alcoholic-hydrochloric acid. The boiling points
of the imides and the melting points of their hydrochloride.,
were essentially identical (see Table II).

Isoindoles. The exo-cis and endo-cis isoindoles from the
above imides were prepared5 by reduction of 25.2 g. (0.10
mol.) quantities of the imides in anhydrous ether with
lithium aluminum hydride and isolated by vacuum dis-
tillation. They were converted into dihydrochlorides and
dimethiodides. Again the boiling points of the isoindoles, 100-
105°/0.2 mm., and the melting points of the dimethonium
salts were identical. The melting points of the dihvdro-
cliloride salts, however, differed considerably (see Table

11).

Falls Church, Va.

[Contribution from the Kettering-Meyer Laboratory,1Southern Research Institute]

SynthesisofPotential Anticancer Agents. XXI11.2Reactions of Orthoesters with
4,5-Diaminopyrimidines

JOHN A MONTGOMERY ana CARROLL TEMPLE, Jr.

Received August 17, 1959

The usefulness of the reactions of triethyl orthoformate, triethyl orthoacetate, and triethyl orthopropionate with 4,5-

diaminopvrimidines for the preparation of purines is discussed.

The preparation of chloropurines by the reaction
of chloro-4,5-diaminopyrimidines with triethyl
orthoformate-acetic anhydride3and with diethoxy-
methyl acetate (prepared from triethyl orthofor-
mate and acetic anhydride)4 has previously been
reported from these laboratories.

In contrast to the behavior of 4,5-diamino-2-
(or -6-)chloropyrimidine and 4,5-diamino-2,6-di-
chloropyrimidine, the reaction of 4,5-diaminopy-
rimidine with triethyl orthoformate-acetic anhy-
dride gave 4,5-diacetamidopyrimidine6as the prin-
cipal product and only a small amount of the ex-
pected purine. The reaction of 4,5-diaminopyrimi-
dine and acetic anhydride alone also produced
4,5-diacetamidopyrimidine,6 whereas 4,5-diamino-

(1) Affiliated with the Sloan-Kettering Institute for Can-
cer Research. This work was supported by the Cancer
Chemotherapy National Service Center (Contract No. SA-
43-ph-1740) and by the C. F. Kettering Foundation.

(2) Part XXL T. P. Johnston, C. L. Kussner, and L. B.
Holum, J. Org. Chem., 25, 399 (1960).

(3) J. A Montgomery, J. Am. Chem. Soc., 78, 1928
(1956).

(4) (a) J. A Montgomery and C. Temple, Jr., J. Am.
Chem. Soc., 79, 5238 (1957); (b) J. A Montgomery and L.
B. Holum, J. Am. Chem. Soc., 80, 404 (1958).

(5) D.J. Brown, J. Appl. Chem,, 7, 109 (1957).

2-chloropyrim:dine and acetic anhydride alone
gave only the monoacetylated product, 5-acet-
amido-4-amino-2-chloropyrimidine. Apparently a
chlorine atom in the 2 or the 6 position (or both)
of the pyrimidine ring determines the course of the
orthoester-acetic anhydride reaction.

Since hypoxanthine is readily formed from 4,5-
diamino-6-pyr:midinol by merely refluxing the py-
rimidine with formic acid, it seemed that treatment
of the pyrimidine or one of its salts with triethyl
orthoformate alone might also produce hypoxan-
thine. This surmise proved to be true, since the
pyrimidine, its sulfate, and its hydrochloride gave
hypoxanthine in good yield on refluxing with tri-
ethyl orthoformate, although the reaction mixture
was heterogeneous in each case. The free pyrimidine

R2 Rz N=CHOCH5

CHX00C(OCHE=CHC(CH3(OCHsR
(Y

CHXOOC(R)(OCHS)2
v
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and diethoxymethyl acetate gave a homogeneous
solution which yielded hypoxanthine on heating.

These results led us to reinvestigate the action
of triethyl orthoformate alone on the chloro-4,5-
diaminopyrimidines. The data now indicate that
reaction takes place without acetic anhydride and
that, in the case of the 2- and the 6-chloro-4,5-
diaminopyrimidines, it is an intermediate such as
II(Ri=Cl, R2=H; R1=H, R2=Cl) which is
formed; whereas 4,5-diamino-2,6-dichloropyrimi-
dine is converted to 2,6-dichloropurine (I11.
Ri=R2=Cl). In all cases the reaction is slow;
however, the addition of formic acid or mixed
alkane sulfonic acid to the reaction mixture in-
creased the rate of all three reactions and alsc caused
the 2- and the 6-chloro-4,5-diaminopyrimidines to
be converted to the corresponding purines. A
comparison of the results with diethoxymethyl
acetate and ethyl orthoformate is shown in Table
I

TABLE |
% Yield
Diethoxymethyl Ethyl
Purine Acetate Orthoformate

6-Chloro- 75, 52 536
2-Chloro- 79* tit"”, 74f
2,6-Dichloro 89a 42, 78¢c
Hypoxanthine 48 I6

“Using two equivalents of dicthoxjTr.ethyl acetate in
triethyl orthoformate. 6 Catalyst: mixed alkane sulfonic
acid. ¢ Catalyst: formic acid. d Ref. 4b.

Refluxing 4,o0-diaminopyrimidine (I. Ri= R2=H)
with triethyl orthoformate alone gave 4-amino-
5-(ethoxymethyleneamino)pvrimidine (Il. Ri=
R*=H). Heating I(R1= R,= H) or II(R1= R2= H)
in diethoxymethyl acetate converted them to
purine; fusion at 180° also converted Il (Ri=
R2=H) to purine.

Other experiments have shown that the useful-
ness of the orthoester ring closure for the prepa-
ration of purines is limited by lack of solubility
of many 4,5-diaminopyrimidines in the medium
and by the cost of the reagents. Its advantages are
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confined to the preparation of the chloropurines
which cannot be prepared by other ring closure
procedures because of concomitant hydrolysis of
the chlorine atoms.

In an effort to extend the orthoester cyclization
to the preparation of 8-alkylpurines, the reaction
of triethyl orthoacetate and of triethyl orthopro-
pionate with 4,5-diamino-6-chloropyrimidine was
studied. Taylor6 has reported the preparation of
2,8-dimethylhypoxanthine and, more recently, Pra-
sad, Noell, and Robins7 the preparation of 6,8-
dimethylpurine by the use of triethyl orthoacetate
and acetic anhydride. Since Post and Erickson8
found that the reaction of triethyl orthoacetate
and acetic anhydride gave IV instead of the
methyl analog of diethoxymethyl acetate (V, R=
CH1), no attempts were made to prepare this com-
pound or the ethyl analog (V, R=CZ2H95. Instead,
the original orthoestcr-acetic anhydride cycliza-
tion procedure3 was followed. 6-Chloro-8-methyl-
purine9 and 6-ehloro-8-ethylpurine were obtained
from these reactions, but the vyields were low.
These low yields can probably be attributed to the
predominance of side reactions. Our experimental
evidence indicates that one of the side reactions
is the acetylation of the pyrimidine (VI “m IX)
or the reaction of acetic anhydride with the
initial product from the pyrimidine and the
orthoester (VII —»IX). In any case, it is doubtful
whether acetic anhydride plays the same role in the
reactions of triethyl orthoacetate and triethyl
orthopropionate that it does in the reactions of
triethyl orthoformate.338

In view of the success experienced in the acid-
catalyzed reactions of triethyl orthoformate and
the  chloro-4,5-diaminopyrimidines  mentioned
above, this procedure was attempted with triethyl
orthopropionate. The results were unexpected in
that, instead of 6-chloro-8-ethylpurine (VIII,
R=CHYH, a mixture of 4-amino-6-chloro-5-(l-
ethoxypropylideneamino)pyrimidine (VII, R=C2
H@ and 6 - chloro - 4,5 - bis(l - ethoxypropylidene-
amino) pyrimidine (X, R = CHY was obtained.

Other experiments showed that 4,5-diamino-6-
chloropyrimidine heated with triethyl orthopro-

(6) E. C. Taylor, in G. E. \V. Wolstenholme and C. M.
O’Connor, eds., “The Chemistry and Biology of Purines”
(A Ciba Foundation Symposium), J. and A. Churchill,
Ltd., London, 1957, p. 20.

Note Added in Proof: Dr. Taylor has informed the
authors of two papers in press describing this work in de-
tail: E. C. Taylor and C. C. Cheng, J. Org. Chem., 25, 148
(1960) and E. C. Taylor, E. Richter, and J. E. Loeffler, J.
Org. Chem.,, in press.

(7) R. N. Prasad, C. W. Noell, and R. K. Robins, J.
Am. Chem. Soc., 81, 193 (1959).

(8) H. W. Post and E. R. Erickson, J. Org. Chem., 2,
260(1937).

(9) Recently prepared by Koppel and Robins by another
method.D

(10) H. C. Koppel and R. K. Robins, J. Org. Chem., 23,
1457(1958).
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pionate alone at 95-100° for two hours produced
VII(R=CHY in good yield, and some G-ehloro-8-
ethylpurine. Further heating of VII(R=CHH
in triethyl orthopropionate at reflux temperature
converted it to X(R=CZH5H (at 100° this con-
version is slow). Heating VII(R = CH9 in triethyl
orthopropionate at 100° for one hour after the addi-
tion of a drop of formic acid also produced X(R =
CHGO. Heating VII(R=CHO in triethyl ortho-
propionate for three hours after the addition of an
equivolume of acetic anhydride produced a new
compound whose ultraviolet absorption spectrum
indicated that it was 5-aeetamido-4-amino-6-
chloropyrimidine (1X).

As expected, dry fusion of both VII(R=C2H6
and X(R = C2H5H produced 0-chloro-8-ethylpurine.
Although better results were obtained with VII
than with X, the yield from the former compound
was only 36%. Attempts were made to improve
the yield of the purine by the use of solvents.
Heating the pyrimidine in N ,N<limethylform-
amide gave none of the desired purine; however,
the use of dimethyl sulfoxide resulted in a 32%
yield of the purine—about the same as by the dry
fusion method. In later, large-scale runs the use
of dimethyl sulfoxide was superior to the dry fusion.

The reaction of 4,5-diamino-G-chloropyrimidine
and triethyl orthoacetate was very similar to the
reaction of this pyrimidine with triethyl ortho-
propionate in that both the mono-(VII, R=
CH3 and disubstituted (X, R=CII3 pyrimi-
dines were formed; however, less of the disubsti-
tuted product was found in this case.

The identity of this latter compound (X, R=
CH3 was inferred from its ultraviolet and infrared
absorption spectra; it was not isolated and puri-
fied. The 4-amino-6-chloro-5-(l-ethoxyethylidene-
amino)pyrimidine was converted to G-chloro-8-
methylpurine by dry fusion as in the case of 6-
chloro-8-ethylpurine, but the yield was even
lower (13%).

The 6-chloropurines were converted to the cor-
responding 6-purinethiols (XI, R=Cil3D and
CAH9H in the usual manner,41L since this work is a
part of a study to determine the effect of substi-
tution on the anticancer activity of 6-chloropurine
and 6-purinethiol.

EXPERIMENTAL

The ultraviolet absorption spectra were determined in
aqueous solution with a Beckman DK-2 spectrophotometer,
but the optical densities at the maxima were determined
with a Beckman DU. The infrared spectra were determined
in pressed potassium bromide discs with a Perkin-Elmer
model 21 spectrophotometer. Melting points were deter-
mined on a Kofler Heizbank and are corrected.

Purine. A solution of 4,5-diaminopyrimidine (500 mg.)
in diethoxymethyl acetate (5 ml.) was heated at 120° for
1 hr. and then evaporated to dryness in vacuo. Volatile im-

(11) A Bendich, P. J. Russell, and J. J. Fox, J. Am. Cheni.
Soc., 76, 6037 (1954).
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purities were removed by dissolving the residue in methanol
and evaporating the solution in vacuo. The brown solid
obtained was dried in vacuo over phosphorus pentoxide:
yield, 540 mg.; rn.p., 190-194°. This material, a mixture of
purine and 9(7)-acetylpurine, was recrystallized from a 3:1
mixture of ethyl acetate and toluene (200 ml.) using Norit
treatment. The yie'd of recrvstallized purine was 445 mg.
(82%); v ... 212-214° (lit.122212-213°).

A small amount of material obtained from the mother
liquor from the recrvstallization was identified as 9(7)-
acetylpurine by a comparison of its infrared spectrum with
that of an authentic sample (see below).

9(7)-Acelylpurine. A suspension of purine (500 mg.) in
acetic anhydride (3 ml.) was heated on a hot plate for several
minutes. The solution was chilled, and the solid that de-
posited was collected by filtration and dried in vacuo over
phosphorus penxoxide: vyield, 175 mg.; rm.p., 107-108°
with sublimation.

Spectral Data. Xmx in mji (e X 10-3): pH 1. 201 (0.9);
pH 7: 203 (7.9): pH 13: 271 (7.7); C.H®OH: 204 (7.3). vin
cm.-1: 3050, 3000. 2940, and 2910 (CH): 1730 (C=<> of
active acetyl); 1595, 1570 and 1495 (C=C, C=N); 1400,
1330, 1300, 1275, 900, 800 and 715 (strong unassigned
bands).

Anal. Calcd. for CAloNd: C, 51.85; H, 3.73; N, 34.50.
Found: C, 51.80; H, 3.80; N, 34.41.

Dilution of the acetic anhydride filtrate with 1:1 ether-
Skellvsolve C (h.n. 85° —105°) (100 ml.) gave an additional
135 mg. of 9(7)acetvlpurine; «n.,.. 100-107°. Total vield,
310 mg. (40%).

5-Ace(amido-4-amino-2-chloropyrimidine. A suspension of
4,5-diamino-2-ch!oropyrimidine (700 mg.) in acetic anhy-
dride (15 ml.) slowly became homogeneous when warmed
at 40°, and then a white flocculent precipitate deposited.
After standing overnight the solution was fdtered and the
solid that was collected was washed with absolute ethanol
and dried in vacuo over phosphorus pentoxide: yield, 740
mg. (82%,); rm.p., 209-211°.

Recrystallization of the crude material (200 mg.) from
propanol (8 ml.) gave a white solid: yield, 145 mg.: m.p.,
214-215°,

Spectral Data. Xr*in m\i (e X 10-3); pH 1. 240-270
(broad); pH 7: 235.5 (8.80), 280.5 (5.48); pH 13: 2515
(broad) (7.14), 283.5(0.75).

Anal. Calcd. for CHTCIND: C, 38.00; H, 3.78; X, 30.00.
Found: C, 38.09; H, 4.12; N, 29.89.

J-Amino-5-{ethoxyviethyleneamino)pyrimidine (I, R\ =
R, = H). A suspension of 4,5-diaminopyrimidine (500 mg.)
in triethyl orthoformate (25 ml.) was heated on a hot plate
for 5 min., the solution cooled, and the crystals that de-
posited collected bv filtration, washed with Skellysolve C
(25 ml.) and dried in vacuo over phosphorus pentoxide: yield,
3G0mg.;rn.p., 13C°.

Spectral data. X™, in mju (e X 10-3): pH 7: 252 (8.20),
284 (0.30); pH 13: 258 (8.4), 283 (6.0). vin cm-1: 3380 and
3320 (NH); 2960 and 2920 (CI1); 1640 (exocyclic C=N);
1630 (NH); 1585 and 1500 (C=C, C=N); 930 and 910
(ring CII).

Anal. Calcd. fcr CHYND: C, 50.60, H, 6.03; N, 33.70.
Found: C, 50.81; H, 6.14; N, 33.92.

An additional 14C mg. of impure product was obtained
from the triethyl orthoformate filtrate. The total yield was
500 mg. (66%).

Reaction of 4,d-diamino-6-chloropyrimidine with triethyl
orthopropionate (A). A mixture of 4,5-diamino-6-chloropy-
rimidine (5.0 g.) and triethyl orthopropionato (100 ml.) con-
taining a small amount of 98% formic acid (about 0.5 ml,)
was heated with stirring at 100° for 15 min. The light yellow
solution was heaed at 100° for an additional 2 hr., and
evaporated under diminished pressure to a semi-solid,

(12) A Albert and D. J. Brown, J, (‘hem. Soc, 2C60
(1954).
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The light brown solid, 4-amino-6-chloro-d~(l-ethoxypiopyli-
(ieneamino)pyrinvidine, (VII, R = C?H.), was collected by
filtration, washed with Skellysolve C (15 ml.), and dried in
vacuo over phosphorus pentoxide: yield, 2.73 g. (34.5%);
m.p., 128° (solidifies and remelts 135°). The ultraviolet
spectrum indicates that this material decomposes to 4,5-
diamino-6-chloropyrimidine in 0.1A hydrochloric acid.

Spectral Data. XX in (e X 10"%: pH 1. 269 (6.4),
306 (8.1); pH 7: 250 (7.2), 284 (6.)); pH 13: 250 (7.25),
284 (6.95). v in cm.-*: 3400, 3330, and 3210 (NH); 2990,
2950 and 2920 (aliphatic CH); 1660 (cxoevclic C=N);
1630 (XH); 1560 and 1540 (C=C, C=X); 1470 and 1375
(aliphatic CH).

Anal. Calcd. for C,HIIXD: C, 47.20; H, 5.68; N, 24.50.
Found: C, 47.22: H, 5.65; N, 24.18.

The combined filtrate and wash were evaporated to dry-
ness in vacuo, giving a brownish liquid, 6-chloro-4,B-bis(I-
ethoxypropylideneamino)pyrimidine (X, R = CZH6); yield,
6.86 g. (63.5%). The ultraviolet spectrum indicates that this
material decomposes to 4,5-diamino-6-chloropvrimidine in
0.1 V hydrochloric acid.

Spectral Dato. Xn*in m™ (e X 10-3): pH 1. 265 (6.9),
307 (6.2); pH 7: 250 (6.45), (8.7); pH 13: 250 (6.45), 287
(8.7). v in cm.-1: 2990, 2960 and 2920 (aliphatic CH);
1670 (broad) (exocyelic C=X); 1540 and 1520 (C—C,
C=N): 1470 and 1370 (aliphatic CH).

Distillation of this material (6.86 g.) in vacuo (0.1-0.05
mm.) gave a light brown liquid (5.8 g.). The ultraviolet and
irE)fra\/d spectra were practically identical with those given
ab »e.

Anal. Calcd. for CaH2CIN,02: C, 53.70; Il, 6.72; N,
17 90. Found: C,53.71:H, 6.41;N, 17.50.

(B). A mixture of 4,5-diamino-0-chloropyrimidine (0.51
g.) and triethyl orthopropionate (25 ml.) was heated with
stirring at 95-100° for 2 hr. A small amount of unchanged
4,5-diamino-6-chloropyrimidine was removed by filtration
and the filtrate evaporated to dryness in vacuo. The solid
residue was triturated with Skellysolve C (5 ml.), and then
collected by filtration and dried in vacuo over phosphorus
pentoxide: yield, 0.60 g. (75%); m.p., 128° (solidifies and
remelts at 134-135°). The ultraviolet spectrum of this ma-
terial was identical with that of 4-amino-6-chloro-5-(I-
ethoxypropylideneamino)pyrimidine (VII, R = C>HH).

Impure 6-chlorn-8-ethylpurine (0.24 !l# "wes obtained
by evaporation of the Skellysolve filtrate described above.

d-Chloro-S-ethylpurine (Vili, R = CHY (A). A melt of
4-amino-6-chloro-5-(I -ethoxyprop}'lideneamino)pyrimidine
(1.00 g.) was heated in a beaker at. 155-160° for 45 min.
The resulting gum was extracted with three 100-ml. portions
of hot benzene, and the combined extracts evaporated to
dryness in vacuo: yield, 0.250 g.; m.p., 167° dec.

An additional amount of solid was obtained by extracting
an aqueous solution of the residue from the benzene ex-
traction with ether (100 ml.). Sublimation of the combined
solids at 135° (0.1 mm.) gave 290 mg. (36%) of 6-chloro-8-
ethvlpurine; m.p., 170-172° dec. (when heated from 150°).

Spectral Data. Xn,, in m/i (¢ X 10~3: pH 1. 232 (3.80),
238 (3.93), 265 (11.2); pH 7: 270 (11.0); pH 13: 277 (11.8)
vin cm.-1: 3000 (heterocvclic CHI; 2995and 2940 (aliphatic
CH); 2800-2400 (acidic H); 1610, 1585 and 1520 (C=-C,
C=N): 1450 (aliphatic CH); 1380 (C—CESY); 1235 and 1220
(unassigned).

Anal. Calcd. for CHTC1X4 C, 46.00; H, 3.84; N, 30.70.
Found: C, 46.04; H, 3.88; N, 30.60.

(B). A solution of 280 mg. of 4-amino-6-chloro-5-(I-
ethoxypropylideneamino)pyrimidine in dimethyl sulfoxide
(2 ml.) was heated at 140° for 1 hr. The solution was then
diluted with water (10 ml.) and extracted with three 20-ml.
portions of ether. After being dried, the combined ether ex-
tracts were evaporated to dryness in vacua and the residue
sublimed at 140° (0.5-0.3 mm.) to give 70 mg. of O-chloro-8-
ethylpurine: m.p., 168° dec. (rapid heating from 150°). The
ultraviolet, ami infrared spectra of this soli 1were practically
identical with those given in (.1) above.
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4-Amino-6-chloi 0-5-( 1-elhoxyethylidencami.no)pyrimidine
(VII, R = CIIj). A mixture of 4,5-diamino-6-chloropyrim-
idine (1.00 g.) and tricthyl or thioacetate (60 ml.) was
heated with stirring at 100-105° for 15 min., giving a yellow
solution. The solution was evaporated to dryness in vacuo,
the residue triturated with Skellysolve C, and the light
brown solid collected by filtration and dried in vacuo at
80°: yield, 1.17 g. (79.5%); m.p., 144°. The ultraviolet spec-
trum indicates that this material decomposes to 4,5-di-
amino-6-chloropyrimidine in 0.1V hydrochloric acid.

Spectral data. inmp (e X 10-3: pH 1: 269 (6.6), 306
(8.7); pH 7: 249 (7.3), 283 (7.0); pH 13: 249 (7.3), 283 (7.0).
f in cm.-1: 3320 and 3150 (XH); 2970, 2920 and 2845 (ali-
phatic CH): 1660 (C=X); 1640 (XH): 1500 and 1550
(C=C, C=X); 1450 and 1380 (C—CH?3).

Anal. Calcd. for CHnCIN/): C, 44.70; H, 5.12; N,
26.10. Found: C, 44.79; H, 5.08; X, 26.04.

The Skellysolve C filtrate was evaporated to dryness to
give a small amount of brownish liquid. The ultraviolet and
infrared spectra indicated that this material was impure
6-chloro-4,5-bi/i(I-ethoiyethylidcncamino)pyrimidine, since the
spectra were very similar to those of 6-chloro-4,5-bis(I-
ethoxypropylideneamino)pyrimidine.

6-Chloro-S-mcthylpurine9 (VI11, R = CHj) (A). A melt of
4-amino-6-chloro-5- (1 -ethoxyethylideneamino )py rimidine
(1.10 g.) was heated in a sublimation tube at 150-155° for
15 hr. The resulting residue was then subjected to sublima-
tion at the same temperature under reduced pressure. After
a small amount of impure starting material was collected,
the residue was sublimed at 180-185° to give a white solid;
yield, 190 mg. This material decomposed at ca. 200°.

This sample was further purified by dissolving it in warm
2V sodium hydroxide (2 ml.) and extracting the cooled,
neutralized solution with three 20-ml. portions of chloro-
form. Evaporation in vacuo of the combined extracts gave
a white solid: Held, 110 mg. (13%); m.p., 225-227° dec.
(rapid heating from 200°; lit,10212-213°).

Spectral data. X,,,, in mg (f X 10-3): pH 1: 264 (11.0); pH
7:269 (10.6); pH 13: 277 (10.6). vin cm.-1; 2940 and 2870
(aliphatic CH): 1610, 1570, and 1520 (C=C, C=-N); 1440
and 1380 (C—CH3J): 1340, 1220, and 1000 (unassigned).

Anal. Calcd. for CJRC1X.,: C, 42.70: H, 2.97; X, 33.25.
Found: C, 42.50; H, 3.12; X, 33.47.

(/7). Amixture of 4,5-diamino-6-chloropyrimidine (2.00 g.)
and triethyl orthoacetate (100 ml.) was heated with stirring
at 95-100° for 20 min., and the resulting solution evapo-
rated to dryness in vacuo. The residue was heated at 155°
for 1.5 hr.,, and the resulting gum was treated with boiling
water. After removal of the insoluble residue, the aqueous
filtrate was evaporated to dryness, giving a solid residue
which was sublimed at 180° in vacuo. This material (0.78
g.) on recrystallization from benzene gave impure 6-ehloro-
8-methylpurine; yield, 0.50 g.; m.p., 213-215° dec. (taken
fast from 200°). This material was used, without further
purification, for the preparation of 8-methyl-6-purinethiol.0

8-Ethyl-6-purinethiol (X1, R = CH3J). A solution of crude
6-chloro-8-ethylpurine (760 mg.) in propanol (10 ml.) con-
taining thiourea (350 mg.) was refluxed for 4 hr., evapo-
rated to dryness, and the residue dissolved in hot water (30
ml.). Concentration of the aqueous solution in a stream of
nitrogen deposited hvrirated 8-ethvl-6-purinethiol: yield,
370mg. (48%);m.p., >260°.

Spectral data. X&*in mp (¢ X 10-3): pH 1. 227 (11.6);
327 (18.8); pH 7: 232 (10.9); 324 (19.4); pH 13- 234 (15.4);
309 (19.5). v in cm.-1: 3000-2300 (aliphatic CH); 2800-
2400 (acidic H); 1615, 1580, 1540, and 1500 (C=-C, C=N);
1470 and 1375 (C—CH3): 1340 and 1190 (unassigned).

Anal. Calcd. for CThN.S'VH/i: C, 45.16: H, 4.66; X,
30.15. Found: C, 45.17; 1l, 4.73; X, 29.79.

The above material did not lose its water of crystallization
after being dried in vacuo over phosphorus pentoxide.
Anhydrous 8-ethyl-6-purinethiol was obtained bv dissolv-
ing the hydrated material in hot methyl isobutyl ketone,
and evaporating the solution to dryness in vacuo.
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Ann!. Calod. for CH,X,S: C. 46.GG, H, 4.48; X, 31.10;
Found: C, 4(137; H, 4.45; X, 30.60.
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Synthesis of Potential Anticaneer Agents.

XXI1. Nitrosated Sulfonamides

Related to Myleran

THOMAS P. JOHXSTOX, COXRAD L. KUSSXER, ana LEE B. HOLUM

Received August 81, 1959

A number of .Y..Y'-polvmethylenebis[.Y-nitrosomethanesulfonamide]'s and .V,.Y'-dimethyl-.Y,.Y'-dinitrosoalkanedisulfon-
amides, structurally related to the anticaneer agent Myleran and isomeric Myleran, respectively, have been prepared by the
nitrosation of the corresponding bissulfonamides. In contrast, the nitrosation of simple .Y-.subst.ituted methanesulfonamides

gave unstable products.

Current, interest in the anticaneer activity exhib-
ited by I-methyl-3-nitro-I-nitrosoguanidine23 and
particularly by 1-methyl-1-nitrosourea3against Leu-
kemia L1210 in mice has focused attention on other
.Y-nitroso compounds, such as AFnitrososulfona-
mides,4that have the common property of undergo-
ing basic decomposition to give diazomethane. In
the search for possible new anticaneer agents con-
taining a methyKV-nitrosoamino group, a logical
approach would appear to be the replacement of the
functional group of known anticaneer agents by a
nitrosated function of the type described above. On
the basis of structural similarity to the tetramethyl-
ene ester of methanesulfonic acid (Myleran), the
synthesis and screening of certain bifunctional ali-
phatic nitrososulfonamides (Table 1) were un-
dertaken. Myleran belongs to a class of alkylat-
ing agents first reported as effective agents in the
chemotherapy of neoplastic diseases by Haddow
and Timmis5in 1953.

The following types of isomeric bisnitrososulfon-
amides have been prepared by the nitrosation of
the corresponding bis-sulfonamides (see Table I):
(1) iVA,-dimethyl-jV',A"-dinitrosoalkanedisulfon-
amides (llia, b, ¢) and (2) M,./\V'-polymethylenebis-
[,V-nitrosomethanesulfonamide]’s (IVa,b,c). These
nitrosations were performed by treating formic acid
solutions of the bis-sulfonamides la, b, c and Ha, b,
cwith aqueous sodium nitrite solution. Pure samples

(1) Affiliated with Sloan-Kettering Institute. This work
was supported by funds from the Xational Institutes of
Health, Contract Xo. SA-43-ph-1740, and from the C. F.
Kettering Foundation. Part XX, J. A. Montgomery and K.
Hewson, J. Am. Chem. Snc., 82, 463 (1960).

(2) J. Leiter and M. A. Schneiderman, Cancer Research,
19, Xo. 3, Pt. 2, 31 (1959).

(3) Frank M. Schabel, Jr., et al., Southern Research Insti-
tute, unpublished results.

(4) T.J. de Boer and H. J. Backer, Rec. Iran, chim., 73, 229
(1954); Org. Syntheses, 34, 96 (1954).

(5) A. Haddow and G. M. Timmis, Lancet, 264, 207
(1953).

of the bisnitrososulfonamides of each class are
relatively stable solids when kept cool and dry;
some have been stored for several months without
appreciable decomposition. One mode of decompo-
sition was observed when a sample of A7Ar -tetra-
methylenehis[.V-nitrosomethanesulfonamide] (VIb)
was stored for six months at room temperature with
no special precaution to keep it anhydrous: deni-
trosation to the corresponding bis-sulfonamide lib
occurred (c/. the thermal denitrosations of .Y-nitro-
somethanesulfonanilide and A*-nitroso-p-toluencsul-
fonanilide described by de Boer6. The liquid nitro-
sates derived from M-methylz, Azbenzvl- and AZ%(p-
chlorobenzyl)methanesulfonamides (Via, b) are too
unstable to permit isolation of pure products. The
bisnitrososulfonamides I1b and I'Vb were subjected
to thermal decomposition in chlorobenzene by a pro-
cedure similar to that employed by de Boer in his
study of the decomposition of .Y-methyl-6and other
.Y-alkyl-p-toluenesulfonamides.8 Compound Illb
evolved nitrogen smoothly at 90°, and relatively
pure dimethyl 1,-1-butanedisulfonate crystallized
from the cooled reaction mixture, whereas Vb
evolved nitrogen slowly at 85°, but the reaction
product separated as an acidic brown oil, indicating
that the tetramethylene ester of methanesulfonic
acid apparently formed underwent excessive de-
composition (m.p.9of pure Myleran, 116°).

The intermediate alkanedisulfonyl chlorides used
to prepare the AT.Y'-dimethylalkanedisulfonamides
la, b, ¢ were also converted by treatment with so-
dium methoxide into the corresponding dimethyl

(6) T.J. de Baer, Rec. irav. chim., 73, 677 (1954).

(7) Method of preparation similar to that described by
J. X. Baxter, J. Cymerman-Craig, and J. B. Willis, J. Chem.
Soc., 669 (1955) except that benzene was the solvent; yield,
80%; b.p., 132-13471 mm.

(8) 1. H. Hey and T. J. de Boer, Rec. trav. chim., 73, 686
(1954).

(9) G. A Haggis and L. N. Owen, J. Chem. Soc., 389
(1953).
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TABLE |
Bissulfonamides, Bisnitrososulfonamides, Bissdlfonates and Methanesulfonamides
Yield Recrvstn. Carbon, % Hydrogen, %
Compound (No.) % Solvent* M.P.°, 6 Formula Calcd. Found Calcd. Found
Bissulfonamides: A. CHINHO025(CH2),,SONHCHa
n = 3(la) GIC A 120 CHMNDS2 2607 2583 613  6.21
n = 4(Ib) 70¢ A 177 CHENDS2 2949 2954 660  6.22
n = 5(Ic) 77 A 148 chBh k2 3254 3244 702 681
B. CHS0NH(CH2MNHOXSCHs
n = 3(Ia) 32c B 115 chilhda2 2607 2635 613  6.00e
n = 4(lIb) 40 B 134 CHidsDB2 2949 2949 660  6.60
n = 5(llc) 44c A 110 chds2 3254 3286 7.02 7.14
Bisnitrososulfonamides: A. CHIN(N0)0ZS(CH2rS0N(NO)CH3
n = 3(Ila) 52 C 108« chihbe2 2083 2109 420 4.28
n = 4(1llb) 76" D 142" ch¥hbo62 2383 2384 467  471F
u = 5(lllc) 69" C 87" chBb6e2 2658 2681 510 510
B. CHBS0N(NO)(CH2,N(NO)0OSCH3
n = 3(Iva) 52 B 77 CHINDGS2 20.83 2099 420 450
n = 4(I1Vb) 65" B 114« ch ¥ o662 2383 2413 467  4.7H
n = 5(IVc) 49¢ C 94+ CHENDGS2 2658 2659 510 536
Bissulfonates: CH)025(CH)50DCH3
n = 3(Va) 46" E,F 4647 cHh,b62 2585 2592 521 520
n = 4(Vb) 54+ B P0 CAT1406S2 2026 2944 573 572
n = 5(Vc.) 52+ B 51-52 ch &2 3229 3226 620 6.15
Methanesulfonamides: CHS0NRR'
R = H, R' = CEHXCH2(Via) 84« G 65 ch,nok 51.86 52.01 599  6.00*
R =eH, R' = p-CICHACH2(VIb) 70“ A 134 chinox 4373 4339 459 450
R =R’ = p-CICAhCH2(Vic) 6T 1] 124 chhkihok 5233 5245 439 456
NRR NS (Md) 25° H 136 CHuNO,S2 3313 3298 6.12  6.20

“ A, water; B, methyl alcohol; C, tetrahydofuran-petroleum ether pair; D, tetrahydrofuran; E, propyl alcohol; F, ethyl
ether; G, benzene-petroleum ether pair; H, isopropyl alcohol. 6 M.p.’s >60° determined on a Kofler Heizbank; <60°, in a
capillary. c Based on a recrystallized product.“ Based on crude product of m.p. within 4° of that of the pure product.eCalcd.:
N, 12.17; found: N, 12.17. / Calcd.: N, 10.85; found: N, 10.68. “ Melts with decomposition (gas evolution). * Calcd.: S,
21.21; found: S, 21.38. i Solvent C equally effective. 1Calcd.: S, 21.21; found: S, 21.60. *Lit.®m.p. 45°. 1Calcd.: N, 7.39;

found: N, 7.69.

alkanedisulfonates Va, b, ¢, which are isomeric with
Myleran or homologs of Myleran. Geiseler and
Kuschmiers®D recently reported the preparation
of one of these esters, dimethyl 1,3-propanedisulfo-
nate (Va), by the méthylation of the disulfonic acid
with diazomethane. These compounds are bifunc-
tional alkylating agents of a type not previously
screened for anticancer activity. Dimethyl 1,3-pro-
panedisulfonate is somewhat water-soluble and hy-
drolyzes rather rapidly in aqueous solution.

The preparation of A-(?chlorobenzyl)methane-
sulfonamide (Vic) was initially attempted by the p-
chlorobenzylation of methanesulfonamide in di-
methylformamide in the presence of potassium car-
bonate; the product isolated was the dialkylated
product, N ,V-di(p-chlorobenzyl)methanesulfon-
amide (Vic), which could be obtained in good yield
from such a procedure designed to give dialkylation.
When bis(2-chloroethyl) sulfide was the alkylating

( (103 G. Geiseler and R. Kuschmiers, Chem. Ber., 91, 1881
1958).

agent, cycloalkylation resulted to give 4-(methylsul-
fonyl)thiamorpholine (Vic), which can be recrys-
tallized from dilute sodium hydroxide solution—a
fact that substantiates the assigned structure.
Further substantiation of the structure of the
cycloalkylated product Vic is found in a comparison
of the characteristic infrared absorption bands of a
selected group of the sulfonamides described in this
paper (Table I1) : the absence of NH stretching ab-
sorption bands around 3200 cm.-1 distinguishes an
V,V-disubstituted sulfonamide from unsubstituted
and V-monosubstituted sulfonamides. The broad-
ness of the NH stretching band shown by methane-
sulfonamide is indicative of a much greater degree
of hydrogen bonding than is the case with A'-mono-
substituted sulfonamides which show relatively
sharp NH absorption bands around 3275 cmrl
The intense bands associated with the asymmetrical
and symmetrical stretching vibrations of the sul-
fonyl group in sulfonamides are the strongest bands
in the spectrum of each compound of Table I1. These
observations are in substantial agreement with
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those previously reported concerning the spectra of
methanesulfonamide and related compounds.1l

TABLE 11

Characteristic Infrared Absorption Bands of Sulfon-
amides in the Solid State”

KSON (cm.-1)

Asymmetric  Symmetric
S—O s—O0

Compound rNH (cm.-1) Stretching  Stretching
ch,sohh2 3500-3000(m)0 1320(a) 1150(a)

Ic 32801 . v
3245/ (m"s) 1320(s) 1120(a)
lie 3280(m-s) 1300(s) ﬁgg; ©)

Vic 1325(a) 1150(a)
Vid 1325(a) 1150(s)

aPerkin-Elmer Model 21 spectrophotometer, sodium,
chloride prism, potassium bromide disk technique used.
6 (m), Medium; (s), strong; j, doublet.

Preparations of the compounds described in this
paper are summarized in Table I; typical proce-
dures are given in the Experimental section.

EXPERIMENTAL

1,5-Pentanedisulfonyl chloride.l2 This procedure is an
adaptation of that described by Autenrieth and Bolli13 for
the preparation of 1,3-propanedisulfonyl chloride. A mix-
ture of 20 g. (0.087 mole) of 1,5-dibromopentane, 24 g. (0.19
mole) of sodium sulfite and 45 ml. of water was heated under
reflux for 7 hr. The resulting solution was filtered hot and
evaporated to dryness under reduced pressure. The residue
(41 g.), further dried at 115°, was ground fine and mixed
with 45 g. (0.22 mole) of powdered phosphorus pentachlo-
ride. The mixture was heated cautiously at first until the
initial vigorous reaction had subsided and then at about
110° for 30 min. (the liberated bromine was swept away
from time to time in a stream of nitrogen). After being
cooled, the semisolid reaction mixture was triturated well
with a mixture of ice and water. The solid was collected,
washed with water and air-dried: yield, 20 g. (85%); m.p.,
63°.5The crude disulfonyl chloride was stored in a freezer
until used. Treating an ethyl ether solution of a sample of
crude disulfonyl chloride with calcium chloride and Norit
and then adding petroleum ether gave a 67% recovery of
tiny white needles, m.p. 66°IS (lit. Am.p. 66°).

N,N'-Dimethyl-1,5-pentanedisulfonamide (Ic). Anhydrous
methylamine was intermittently bubbled through a filtered
solution of 6.9 g. (0.026 mole) of crude 1,5-pentanedisulfonyl
chloride in 140 ml. of benzene, cooled initially to 6° in an
ice-water bath, until the exothermic reaction was complete
(the flow of amine was stopped each time the temperature
of the mixture reached 15°). The benzene and excess amine
were then removed under reduced pressure. The solid resi-

(11) J. N. Baxter, J. Cymerman-Craigs, and J. B. Willis,
J. Chem. Soc., 669 (1955).

(12) 1,3-Propanedisulfonyl chloride was prepared simi-
larly: crude yield, 82%; fine white needles from an ethyl
ether-petroleum ether pair (ethyl ether solution treated with
calcium chloride and Norit), m.p. 46.5-470;5 (lit.10134
m.p. 48° 45°). 1,4-Butanedisulfonyl chloride, m.p. 86°;5
was prepared according to B. Helferich and H. Griinert, Ber.,
74B, 1531 (1941).

(13) W. Autenrieth and E. Bolli, Ber., 58B, 2144 (1925).

(14) P. W. Clutterbuck and J. B. Cohen, J. Chem. Soc.,
121, 120(1922).

(15) Kofler Heizbank.
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due was triturated with cold water, and the insoluble bis-
sulfonamide® was collected and dried in vacuo; yield, 5.1
g. (77%); m.p., 145°. Recrystallization from water gave an
80% recovery of fine colorless needles, m.p. 148° (analysis
givenin Table I).

N,N'-Tetramethylenebis [methanesulfonamide] (lib). Asolu-
tion of 6.50 g. (56.8 mmoles) of methanesulfonyl chloride
in 15 ml. of benzene was added dropwise to a well stirred
suspension of 7.85 g. (56.8 mmoles) of anhydrous potassium
carbonate in a solution of 250 g. (28.4 mmoles) of 14-
butanediamineT at such a rate that the temperature of the
mixture did not rise above 45°. The mixture was heated
under reflux for an hour and then allowed to cool. The solid
that had separated was collected, washed with benzene, air-
dried and then triturated with 50 ml. of water.B8BThe un-
dissolved bisulfonamide was collected, washed sparingly
with water and air-dried: weight, 2.31 g.; m.p., 132°. Addi-
tional product of m.p. 130° was obtained by concentrating
the combined filtrate and washings; total yield, 2.75 g.
(40%). Recrystallization of the major crop from methyl
alcohol gave the analytically pure product of Table I as
small colorless needles, m.p. 134°.

N,N'-Dimethyl-N,N'-dinitroso-1,5-pentamdisulfonamide
(I11c). Crude A'jIW-dimethyl-ljh-pentanedisulfonamide (1.6
g., 6.2 mmoles) was dissolved in 18 ml. of warm formic
acid,© the solution clarified by filtration and the filtrate
cooled to 4° with stirring. To the resulting suspension was
added dropwise a solution of 11 g. (16 mmoles) of sodium
nitrite in 3 ml. o: water. Stirring was continued at 4° for an
hour after the addition was complete, and the solid that
had formed was collected and washed with water. Dilution
of the formic acid filtrate with the aqueous washings pre-
cipitated more solid. The combined precipitates were then
mnashed well with ice-cold 2% aqueous sodium hydroxide.
The residual solid was collected, washed with water and
dried in vacuo over phosphorus pentoxide: yield, 1.35 g.
(69%); m.p., 89° dec. Recrystallization from tetrahydro-
furan-petroleum ether gave 1.1 g. of shiny yellow crystals,
m.p. 87° dec. Analyses are given in Table I.

N,N'-Trimethylenebis [N-nitrosomethanesulfonamide ]
(IVa). W,IV'-Trimethylenebis [methanesulfonamide] (3.99
g., 17.3 mmoles) was dissolved in 15 ml. of warm formic acid,
and the solution was cooled to 3°. A solution of 2.98 g. (43.1
mmoles) of sodium nitrite in 5 ml. of water was added drop-
wise to the well stirred sulfonamide solution at 4-7° over a
period of 40 min. After three quarters of the nitrite solution
had been added, a yellow solid precipitated; additional formic
acid (5 ml.) was added to thin the suspension. Stirring of the
cold mixture was continued for 1 hr. after the addition was
complete. Water (28 ml.) was added to the suspension to
complete the precipitation, and the yellow solid was col-

(16) In preparations of la and Ib concentration of the
aqueous filtrate gave additional crops of products.

(17) Aldrich Chemical Co., Inc., Milwaukee, Wis.

(18) Compound lla was isolated from the benzene-insol-
uble solid by dissolving the solid in hot water, treating with
Norit, adjusting pH to 6, evaporating to dryness in vacuo,
extracting the residue with hot acetonitrile, evaporating
the acetonitrile solution to dryness and recrystallizing the
residue from methyl alcohol; yield 32% in 2 crops of color-
less crystals, m.p. 115°. Compound lie was isolated by stir-
ring the benzene-insoluble solid in water, acidifying to pH 3
with hydrochloric acid and collecting the crude product
that precipitated. The dried crude product, after being
washed with boiling petroleum ether, was recrystallized
from water; yield 44% of colorless plates, m.p. 110°.

(19) The ratio of formic acid to sulfonamide used in these
nitrosations varied with solubility; a 25% excess of nitrite
(usually in ca. 30% aqueous solution) per sulfonamide func-
tion was usually found expedient. The following formic
acid ratios (ml. formic acid/g. bissulfonamide) were used in
the nitrosations not described in detail: llia, 2.5; Illb, 44;
Vb, 4.1; IVc, 11
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looted, triturated with cold 2% aqueous sodium hydroxide,
washed well with cold water and dried in vacuo over phos-
phorus pentoxide: yield, 2G0 g. (52%); m.p., 71° dec.
Analytically pure pale yellow needles, m.p. 77° dec., were
obtained by recrystallization of a small sample from methyl
alcohol (see Table 1). The major portion of the product
was recrystallized from tetrahydroiuran-petroleum ether
to give dense yellow crystals, m.p. 70-71° dec., in 80%
recovery.

Dimethyl 1,/r bulanedisulfonale (Vb). A methanolic solution
of sodium methoxide (0.92 g., 40 mmoles, of sodium in 50
ml. of methyl alcohol) was added to a stirred solution of 5.1
g. (20 mmoles) of crude 1,4-butanedisulfonyl chloride in 50
ml. of methyl alcohol, cooled to 5° in an ice water bath, at
such a rate that the temperature of the mixture did not rise
above 15°. After the addition, the reaction mixture was
stirred at room temperature for 1Lhr. The white powder that
had precipitated was collected by filtration, triturated with
25 ml. of cold water, and dried in vacuo over phosphorus
pentoxide: weight, 1.37 g.; m.p., 88°. The methyl alcohol
filtrate yielded a second crop, 0.85 g. of colorless plates,
m.p. 80°. An additional 0.44 g. of colorless plates, m.p.
90°, was obtained by evaporating the above filtrate to
dryness in vacuo, triturating the residue with cold water
and reerystallizing the insoluble material from methyl
alcohol: total yield, 2.06 g. (54%).2DKecrystallization of the
first crop from 25 ml. of methyl alcohol gave the analytically
pure sample of Table | as shiny colorless plates, m.p. 90°,
in 80% recovery.

N-Benzylmelhanesulfonamide (Via).5L A solution of 10.7
g. (0.093 mole) of methanesulfonyl chloride in 50 ml. of ben-
zene was added dropwise to a well stirred solution of 30 g.
(0.28 mole) of benzylamine at such a rate that the temper-
ature did not rise above 37°, addition time ca. 2.5 hr. The
mixture was stirred for an additional half hour, allowed to
stand overnight, then heated under reflux for ca. 1 hr. and
cooled. The precipitated benzylamine hydrochloride was
removed by filtration, and the solvent evaporated from the
filtrate under reduced pressure. The oily residue was treated
with 175 ml. of water, and the resulting mixture acidified
to pH 1with hydrochloric acid. The solid that formed was
collected, washed with water and dried: yield, 135 g.; m.p.,
04°. Additional crops (2.0 g.) melting in the range 64 to
00° were obtained when the filtrates were refrigerated; total
yield, 84%. Recrystallization of the combined crops from

(20) Compound Va was recovered from the methyl alcohol
filtrate by evaporating under reduced pressure to a small
volume, then adding small volumes of water and ethyl ether
with cooling. The crude crystals thus obtained were tritu-
rated sparingly with cold water and recrystallized. Compound
Ve was similarly isolated by adding ethyl ether to the con-
centrated methyl alcohol suspension, triturating the crystals
thus obtained with water and reerystallizing from methyl
alcohol to give colorless platelets. In subsequent prepa-
rations of these sulfonates, the use of an excess of sodium up
to 10% appeared to stabilize the esters during the work-up.

(21) A-(p-Chlorobenzvl)methanesulfonamide (Vic) was
prepared similarly, except that appreciable product was
recovered from the benzene filtrate by evaporation, treat-
ment of the residue with water and acidification, extraction
of the dried precipitate with hot acetonitrile, and finally ex-
traction with warm sodium hydroxide solution, acidification,
alndh riecrystallization of the precipitate from isopropyl
alcohol.

JOHNSTON, KUSSNER, AND HOLUM

VOL. 2d

benzene-petroleum ether gave 11.7 g. of colorless platelets,
m.p. 05° (analysis given in Table I.)

M,A-Di(p-chlnrobenzyl)methanesulfonamide (Vic). o.p-Di-
chlorotoluene (7.00 g.. 43.5 mmoles) was added to a well
stirred mixture of 2.00 g. (21.0 mmoles) of methanesulfon-
amide,26.00 g. (43.5 mmoles) of anhydrous potassium car-
bonate and 20 ml. of dimethylformamide. The mixture was
heated at 100° for 1 hr., then cooled and poured into 100
ml. of water. The suspension (pH 9) was chilled and the
white solid that had formed was collected, washed with
water, and dried in vacuo over phosphorus pentoxide: yield,
442 g. (61%); m.p., 122°. Recrystallization from 35 ml. of
isopropyl alcohol gave 3.55 g. of colorless needles, m.p.
124°, analysis of which is recorded in Table I.

4-(Melhylsulfonyl)thiamorpholine (V1d). To a well stirred
mixture of 1.80 g. (19.0 mmoles) of met.hanesulfonamide,2
5.25 g. (38.0 mmoles) of anhydrous potassium carbonate and
15 ml. of dimethylformamide was added all at once 2.5
ml. (19 mmoles) of bis(2-chloroethyl) sulfide.3 The mixture
was heated at 100-110° for 2 hr., then cooled and poured
into 25 ml. of water. The viscous semisolid that separated
hardened when chilled, and was collected and washed with
ethyl ether. The tan residue, after trituration with 2%
aqueous sodium hydroxide solution, weighed 0.44 g., m.p.
131°. Recrystallization from isopropyl alcohol (after treat-
ment with Xorit) gave 0.24 g. of white platelets, m.p. 136°
(analysis given in Table ).

The aqueous dimethylformamide filtrate was extracted
with ethyl ether and the ethereal layer was combined with
the above ether washings. Evaporations of the solvent left
an orange oil in which long needles formed. These were
collected, triturated with 2%, sodium hydroxide solution,
and recrystallized from isopropyl alcohol (to which the
filtrate from tie' first recrvstallization had been added) with
Xorit treatment: 0.40 g. of white platelets, m.p. 134°.
Additional product (0.24 g., m.p. 134°) was obtained from
the original alkaline extract by adjusting the pH to 7, evap-
orating to dryness, redissolving the residue in 10 ml. of
water, acidifying to pH 3, and extracting the precipitate that
formed with hot isopropyl alcohol. Total yield was 0.86 g.
(25%).

Acknowledgment. The authors are indebted to Mr.
J. P. Holmquist and Mr. J. W. Murphy for most of
the microanalytical results reported, to Mrs. Ann
Hillhouse and Mr. W. A. Rose for the infrared spec-
tral determinations, to Dr. W. C. Coburn, Jr., for
interpretation of the spectral data, and to Mrs.
Dale Carruthers for the thermal decomposition
studies. Some of the analyses reported were per-
formed by the Galbraith Microanalytical Labora-
tories, Knoxville, Tenn.

Birmingham 5, Ala.

(22) Preparation was based on that of G. M. McGowan,
J. prakt. Chem. [2], 30, 281 (1884), except that the crude
product was extracted with hot acetonitrile. Evaporation
of the solvent gave mcthanesulfonamide, m.p. 92°, in 90%
\égeold. Duguet, Itec. trav. chim., 21, 75 (1902), reported m.p.

(23) A. M. Reeves and S. Love, Science, 107, 204 (1948).
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Unsaturated Bile Acid Derivatives. I.

Some Transformation Products from

Hyodesoxycholic Acidl

MAKHLUF J. HADDADIN and COSTAS H. ISSIDORIDES2

Received August 1S, 1950

Methyl 3-keto-A4cholenate, readily obtainable from hyodesoxycholic acid, is reduced by sodium borohydride to a mixture
of the 3-hydroxy epimers in which the 3/3-epimer predominates. A preparation of methyl A3s-choladienate from hyodesoxy-

cholic acid is described.

A36Cholestadiene and the two epimeric 3-
hydroxj'-A4cholestenes are well known compounds
in the sterol series. However, relatively little work
has been done on the corresponding compounds in
the bile acid series. A recent method3for the prepa-
ration of these derivatives, by selenium dioxide
oxidation of A3cholenic acid, gives a mixture of
products and involves tedious separations. The
present paper describes the preparation of A3
choladienic acid and the two epimeric 3-hydroxy-
Adcholenic acids from the readily available hy-
odesoxycholic acid.

Our interest in hyodesoxycholic acid as a possible
starting material was aroused by a recent article4
describing an elegant method for the conversion of
this compound to 3/3-hydroxv-A5cholenic acid (la).
Compound | was our key intermediate for the prep-
aration of the two epimeric 3-hydroxy-A4cholenic
acids (Ilia and 1Va).

Oppenauer oxidation of Ib furnished methyl
3-keto-A4cholenate (I1), which, upon reduction
with sodium borohydride gave methyl 33 and 3a-

IMlla. R = R'"'=H IVa. R=R' =1l
b.R=CH3R' =Ac b R=CH;R =A
c¢.R=CH3R" =1 clt= OH-1It'=H

(1) Abstracted in part from the M.S. thesis of M. J. II.,
American University of Beirut, June 1959.

(2) To whom requests for reprints should be addressed.

(3) C. H. Issidorides, M. Fieser, and L. F. Fieser, J. Am.
Chem. Soc. (in press).

(4) K. R. Bharucha, G. C. Buckley, C. K. Cross, L. J.
Rubin, and P. Ziegler, Can. J. Chem., 34, 982 (1950).

hydroxy-A4cholenate (Illc and IVc) in the ap-
proximate ratio of 7:1. The predominance of the
/3-epimer in this reduction is not surprising in view
of the high degree of stereospecificity in the reduc-
tion of A43-ketones by metal hydrides.6

Separation of the /3-epimer from the mixture
via the digitonide left the a-epimer, which was iso-
lated as the acetate (I'\Vb) and purified by chroma-
tography. The structure of Illc as a A43-ol was
proved by its easy conversion to Il by manganese
dioxide at room temperature.36 Further confirma-
tion of the structures of the epimers is furnished by
the molecular rotations, discussed later on.7

Sodium borohydride was chosen as the reducing
agent in this investigation since it does not affect
ester linkages. We later learned of the interesting
finding of Sondheimer and Ivlibanskyad that
sodium borohydride reduction of A43-ketones may
result partly in the saturation of the double bond.
No such complication was experienced during the
present investigation, although it is entirely possible
that small amounts of the saturated product were
formed but could not be isolated.

Dehydrotosylation of methyl hyodesoxycholate
ditosylate offers a convenient but low-yield route to
methyl A36choladienate, easily recognizable by
its ultraviolet spectrum and the strong levo rota-
tion.3Work is being directed at present toward the
preparation of this compound in better yield from
other intermediates.

During this investigation we occasionally ex-
perienced difficulty in handling the free unsaturated
hydroxy acids. The presence of the carboxyl group
apparently enhances the tendency of the A43-ol
system to undergo dehydration or etherification in
the presence of methanol. Similar difficulties were
experienced previously by one of us3and have also

(5) (a) W. G. Dauben, It. A Micheli, and J. F. Eastham,
J. Am. Chem. Soc., 74, 3852 (1952). (b) W. W. Zorbach,
J. Am. Chem. Soc., 73, 6344 (1953). (c) M. Gut, J. Org.
Chem., 21, 1327 (1956i. (d) F. Sondheimer and Y. lvlibansky,
Tetrahedron, 5, 15 (1959).

(6) (a) J. Attenburrow, A. F. B. Cameron, J. H. Chap-
man, R. M. Evans, B. A Hems, A B. A Jansen, and T.
Walker, J. Chem. Soc.. 1094 (1952). (b) F. Sondheimer, C.
Amendolla, and G. Rosenkranz, J. Am. Chem. Soc., 75,
5930(1953).

(7) For further discussion of the molecular rotation data
see ref. (3).
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been reported by others.8For this reason, chemical
transformations were carried out, wherever pos-
sible, on the methy!l esters.

The shift in molecular rotation in passing from
Il (Ald548 chloroform) to I11b (d/D45 chloroform)
is found to be —505, which is in close agreement
with the values —501, —507 and —300 reported519
for the corresponding difference in molecular ro-
tation between the A43-ketone and the A433-
OAc for the compounds A4cholesten-3-one, 17a-
methyltestosterone and progesterone respectively.
On the other hand, the shift in molecular rotation in
passing from 11 to IVb (Mn 754 chloroform) is
found to be +406, in agreement with the value
+418 calculated3for the difference in passing from
Adcholesten-5-one to 3a-acetoxv-A4cholestene.

EXPERIMENTALD

Methyl hyodesoxycholate. Hyodcsoxycholic acid (5 g,
m.p. 194-197°) was refluxed with charcoal (0.5 g.) in
methanol (20 ml.) for 5 min. The solution was filtered and
the filtrate refluxed with another portion of charcoal, fil-
tered, diluted with hot water to incipient cloudiness and
allowed to crystallize. Yield 45 g., m.p. 198-199°. An
ethereal suspension of the purified acid was esterified in the
usual manner with diazomethane. The methyl ester, re-
crystallized from benzene n-hexanc (1:1), melted at 120°
with previous softening (lit.: m.p. 114°,186°,12110-112°13.

3fl-Hydroxy-A6cholenic acid (la) was obtained from
methyl hyodesoxycholate by the method of Bharucha and
coworkers.4 Esterification with diazomethane gave Ib,
needles from ether-petroleum ether (2:1), melting at 143-
144° (lit.148.p. 144°).

Methyl 8-keto-A*-cholenate (11). To a solution of Ib (15 g.)
in dry acetone (200 ml.) and dry benzene (200 ml.) at 75-
80°, was added aluminum i-butoxidc® (20 g.) in hot ben-
zene (100 ml.). The mixture was kept at 80° for 11 hr.,
cooled, poured into 10% sulfuric acid (200 ml.) and ex-
tracted with benzene. The benzene extracts were dried and
evaporated to dryness. Two recrystallizations from aqueous
methanol gave prisms of 11 (11.5 g., 77%), melting at 125—
126°; [«],, +90° (c 1.22); A™3™ 241 mh (log e 1,22) [Lit,:
m.p. 126-127°,3 124-1250;13416 [«],, +87° (c 1.3),3
+66.13° (c 1CHH);T log em 4.22313]

(8) See ref. (5d) and references therein.

(9) C. W. Shoppee, B. D. Agashe, and G. H. K. Summers,
J. Chem. Soc., 3107 (1957).

(10) Melting points are uncorrected. Rotations (rounded
off to the nearest integer) were measured in chloroform
solution, unless specified otherwise. Alumina used for
chromatography was neutral, grade I “Woelm” to which
3% water was added. Ultraviolet spectra were determined
in a Beckman model DU quartz spectrophotometer. llyo-
desocycholic acid was obtained from Canada Packers Ltd.,
Toronto, Canada. Microanalyses by Pascher Mickroanalyt-
isches Laboratorium, Bonn, Germany.

(11) R. Justoni and R. Pessina, Il Farmacn, 9, 395
(1954) ; Chem. Abslr., 49, 9018h (1955).

(12) R. E. Marker and J. Krueger, ./. Am. Chem. Soc.,
62,79(1940).

(13) T. F. Gallagher and J. R. Xenos, ,/. Biol. Chem.,
165,365(1946).

(14) R. Schoenheimer and F. Berliner, J. Biol. Chem,,
115,19(1936).

(15) W. Wyne and H. Adkins, Ory. Syntheses, IlI, 48
(1955) .

HADDADIN AND ISSIDORIDES
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Reduction of Il with sodium borohydride and isolation of
products. To a solution of 11 (4.1 g.) in methanol (300 ml.)
was added sodium borohydride (1.2 g.) and the mixture
kept at room temperature (15-20°) for 24 hr., poured into
water (300 ml.) and extracted with ether. The ether ex-
tracts were dried and evaporated to dryness. The residue was
dissolved in 90% hot ethanol and poured into a hot solution
of digitonin (14 g.) in 90% ethanol (1100 ml.). The mixture
was kept at room temperature for 24 hr. and worked-up as
previously described.3

Methyl 3-/3-hydro.xy-Adcholenate (l1lc) was obtained
from the digitonide. Yield 3.2 g. (80%), m.p. 129-131°.
The analytical sample, recrystallized from a-hexane,
melted at 131-133°, [«],, +48° (c 1.88).

Anal. Calcd. for CZH4,03. C, 77.27; H, 10.38. Found: C,
76.99: H, 10.34.

On oxidation with manganese dioxide in chloroform
(28° 2 hr.), Illc gave Il, m.p. 125-126°.

Treatment of Il1lc with acetic anhydride in pyridine gave
the acetate (11lb), long needles from methanol, m.p. 147—
148°, [a]n + 10° ge 1.45).

Anal. Calcd. for CZH«04: C, 75.31; H, 9.83. Found:
C, 75.04; H, 9.76.

Hydrolysis of Illc (25 N methanolic potassium hy-
droxide at reflux for 1.5 hr.) gave 3/?-hydroxy-A4cholenic
acid. The product was recrystallized from ethyl acetate,
m.p. 180-182° (lit.3 180-182°).

Anal. Calcd. for C2ZH® 3. C, 76.96; H, 10.23. Found:
C, 76.79; H, 10.24.

The mother liquor and ether washings from the digitonin
precipitation were evaporated to dryness under reduced
pressure and the residue extracted with ether. Evaporation
of the ether extract gave a crude product (0.5 g.) which was
acetylated (pyridine-acetic anhydride), and chroma-
tographed on alumina. Elution with petroleum ether-
benzene (7:3, 6:4) followed by several recrystallizations
from methanol gave IVb, m.p. 145-147°; [a]n +175°
(c 0.99). (lit.3m.p. 147-149°); [a]D+178° (c 1.1).

Anal. Calcd. for CnHioOn C, 75.31; H, 9.83. Found:
C, 74.96; H, 9.77.

Methyl Ai'i-choladienate. Methyl hyodesoxycholate ditos-
ylate4(6 g.) was refluxed with 2,6-lutidine (30 ml.) for 1 hr.
and the mixture was concentrated on a water bath under
reduced pressure. The residue was treated with ice and ex-
tracted with ether. The combined ether extracts were dried
and evaporated to dryness, and the residue chromatographed
on alumina. Elution with petroleum ether and petroleum
ether-benzene (9:1, 4:1, 7:3) gave an oil which solidified
when rubbed with methanol. Repeated recrystallizations
from methanol gave methvl A35choladienate3 (0.82 g.,
26%), m.p. 96-98°, [a]n -128° (c 1.09), A™3™ 2275 2.35
243 mli, (log t 4.28, 4.32, 4.12).

Anal. Calcd. for C-dUOI: C, 81.03; H, 10.34. Found:
C, 81.08; H, 10.38.
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(16) L. F. Fieser and R. Kttorre, J. Am. Chem. Soc., 75,
1700(1953).

(17) K. Takeda and J. Kawanami, J. Biochem. Japan,
40,477(1953).
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Model Compounds'2
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The infrared spectra of conifer lignin model compounds and degradation products were determined, and characteristic
frequencies of carbonyl groups, ethvlenic double bonds, aromatic rings, and hydroxyl groups are presented. These results are
applied to lignins isolated from five different coniferous genera. The functional groups occurring in the lignin molecule are

discussed and related to the mode of isolation.

Absorption spectrophotometry has been used
increasingly as a supplement to purely chemical
methods in order to elucidate the structure of
gymnosperm and angiosperm lignin. While ultra-
violet studies of the lignin molecule have been valu-
able,34 the information provided is limited to
aromatic ring substituents and conjugated groups.
On the other hand, infrared spectra, which are
potentially capable of yielding information con-
cerning the lignin side chain, as well as aromatic
and conjugated substituents, have been mainly used
for characterization purposes.5 In the present in-
vestigation, the infrared spectra of a large number
of lignin products have been measured in order to
determine whether differences exist between native
(solvent-soluble) lignin6and mildly prepared whole
wood lignin, whether lignin structure varies with
genera, and to measure the changes introduced
into the basic structure of the lignin molecule by
commercially important isolation procedures such
as the sulfite and kraft processes. In general, the
procedure followed was to determine the effect,
on the characteristic group frequencies of model
compounds and low molecular weight lignin degra-
dation products, of acetylation, methylation, treat-
ment with alcoholic hydrogen chloride, i.e., “ethanol-
vsis,” conversion to a sodium salt or phenolate,
and reduction with sodium borohydride or lithium
aluminum hydride. After assignments of frequencies
to certain functional groups were made, comparisons
of lignins isolated and treated by the same methods
were then carried out.

(1) Presented in part at the Wood Chemistry Symposium*
Northwest Regional Meeting of the American Chemical
Society, Seattle, Wash., June 12, 1956.

(2) Part 1 of this series: H. L. Hergert and E. F. Kurth,
J. Am. Chan. Soc,, 75, 1622 (1953).

(3) O. Goldschmid, J. Am. Chem. Soc., 75, 3780 (1953);
Anal. Chem., 26, 1421 (1954).

(4) G. Aulin-Erdtman and L. Hegborn, Svensk Papper-
stidn., 60, 671 (1957); K. Freudenberg and G. Schuhmacher,
Silzber. hcidclberg. Akad. IFiss., 127 (1956).

(5) (a) E. Jones, Tappi, 32, 167 (1949); (b) S. Kudzin,
R. Debaun, and F. Nord, J. Am. Chem. Soc., 74, 4615
(1953); (c) G. DeStevens and F. Nord, ./. Am. Chem. Soc.,
73,4622(1953).

(6) (a) F. Brauns, The Chemistry of Lignin, Academic,
Press, New York, 1952, p. 51; (b) ./. Am. Chem. Soc., 61,
2120(1939).

EXPERIMENTAL

Spectra. The infrared instrument used in this work was a
Model 21 Perkin-Elmer spectrophotometer equipped with
sodium chloride opvlcs and linear in wave number. Spectra
were obtained as paraffin (Nujol) mulls, potassium bromide
wafers, or films deposited from chloroform or dioxane.
Liquid samples were run between salt plates separated by a
lead spacer.

Compounds. Vanillin, vanillic acid, and related compounds
were prepared in this laboratory by alkaline hydrolysis or
copper oxide oxidation7of lignosulfonates derived from west-
ern hemlock wood. Acetylvanilloyl [l-(4-hydroxy-3-meth-
oxyphenyl)-1,2-propanedione], a-hydroxy propiovanillone
[2-hydroxy-1-(4-hydroxy-3 - methoxyphenyl)-1 - propanone ],
a-ethoxy propioveratrone [2-ethoxy-I-(3,4-dimethoxyphen-
yl)-l-propanone], guaiacyl acetone [I-(4-hydroxy-3-meth-
oxyphenyl)-2-propanone], 8-hydroxy coniferyl alcohold [3-
hvdroxy-I(3,4-dimethoxyphenyl)-2-propanone], and 1-eth-
oxy-I-(4-acetoxy-3-methoxyphenyl)propanone-2 were ob-
tained from Dr. J. A. F. Gardner. The latter compound was
subsequently deacet.ylated by the procedure of Kulka and
Hibbert.9 Dehydrodiconiferyl alcohol and pinoresinol were
obtained from Prof. H. Erdtman. Coniferin was isolated
from western hemlock cambium.D Vanilloylformic acidll
was obtained from Dr. D. W. Glennie. Apocynol [1-hy-
droxy-I-(4-hydrcxy-3-methoxyphenyl)ethane] and methyl-
ated derivatives were obtained from Dr. M. Cronyn.122 The
hydroxyl, carbonyl, and aromatic stretching frequencies of
this series of compounds are presented in Table 1.

Lignin products. Native lignins were prepared according
to Brauns’ procedure6from the wood of Douglas fir (Pseudo-
tsuga menziesii), Pacific silver fir (Abies amabilis), longleaf
pine (Pinus palustris), western red cedar (Thuja plicala),
and western hemlock (Tsuga heterophylla). Further puri-
fication was effected by repeated precipitation of dioxane
solutions of native lignins into chloroform or by adsorption
chromatography.13 Extractive-free longleaf pine and hem-
lock wood were ground in a vibratory ball mill, constructed
according to plans furnished by National Bureau of Stand-
ards,4to give milled wood lignin®in yields of 12 and 16%,
respectively.

(7) 1. A Pearl, J. Am. Chem. Soc., 72, 2309 (1950); 1. A
Pearl and E. Dickey, 3. Am. Chem. Soc., 74, 614 (1952); 1.
A Pearl and D. L. Beyer, ,/. Am. Chem. Soc., 76, 2224
(1954); Tappi, 39, 171 (1956).

(8) 4. A F. Gardner, Can. J. Chem,, 32, 532 (1954).

(9) M. Kulka and H. Hibbert, J. Am. Chem. Soc., 65,
1185(1943).

(10) O. Goldschmid and H. L. Hergert, unpublished work.

(11) D. W. Glennie, H. Techlenberg, E. T. Keaville,
and J. L. McCarthy, J. Am. Chem. Soc., 77, 2409 (1955).

(12) M. Cronyn, Paper presented at the Northwest Re-
gional Meeting of the American Chemical Society (June
1957).

(13) P. Enslin ./. Sri. Food Agr., 4, 328 (1953).
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TABLE |
Hydroxyl, Carboxyl, and Aromatic Ring Stretching Frequencies of Lignin Model Compounds and Degradation
P roducts
Frequency (emul)
Compound OH =+o Aromatic Ring
“Ethanolysis” Products
Acetylvanillovl" 3330 1700, 1649 1596/ 1587, 1502
ff-Hvdroxv proniovanillone” 3430, 3395," 3140 1664 1596, 1587, 1512
«-Ethoxy propioveratrone" - 1671 1590, 1582, 1509
0-Ethoxv propioveratrone6 3450" 1677 1596,1589.1517
Guaiacyl acetone’ 3410 1705 1598, 1511
1-Ethoxv-I-guaiacy! propanone-2* 3429 1710 1600, 1512
1-Ethoxy-I-guaiacyl propanone-2 acetate6 — 1768, 1715 1602, 1512
Aldehydes
Vanillin" 3145 1663 1595," 1588. 1509
Vanillin acetate” — 1752. 1699, 1088, 1598,1508
1675
Vanillin-sodium salt" 3450," 3230 1685/1655,1638" 1582, 1548, 1502
Veratraldehyde" — 1696, 1684,1672 1597, 1587, 1512
5-Formyl vanillin" — 1683, 1650 1591, 1474
5-Carboxvl vanillin™ — 1678,1655" 1578, 1483
Dehydrodivanillin” 3250 1673 1603, 1585, 1502
3,4-Dihydroxybenzaldehyde™ 3320, 3230 1654,1646 1596,1537
4-Hydroxv benzaldehvde" 3140 1662 1594,1515
Syringaldéhyde™ 3250 1668 1604,1585, 1512
Benzaldehvde" — 1702 1599, 1587
Coniferyl aldehyde" 3135 1652 1594, 1578,1514
3,4-Dimethoxy cinnamaldéhydeB — 1661 1588, 1575
Cinnamaldéhyde" — 1672 1600, 1570,1490
Ketones
Acetovanillone” 3290 1653 1600, 1572,1513
Acetovanillone acetate" — 1768,1680 1595, 1584, 1510
Acetovanillone-sodium salt" 3240 1639 1576, 1538,1509
Acetoveratrone" — 1672 1596/1590, 1513
p-Hydroxy acetophenone" 3160 1645 1600,1585,1514
p-Hydroxy acetophenone6 3200 1655 1605. 1575,1515
p-Hydroxy propiophenone” 3180 1648 1600, 1568,1510
Acetophenone” — 1685 1599, 1482
fi-Hvdroxv conifervl alcohol" 3435, 3355 1709 1599, 1505
d-Hydroxv conifervl alcohol6 3450,3370 1714 1605,1513
Acids and Esters
Vanillic acid" 3480 1677 1599,1583,1525
Vanillic acid acetate™ — 1760, 1686 1602, 1594/1509
Sodium vanillato" 3330 1550 1600,1518
Methyl vanillato™ 3540 1699 1600,1515
5-FormvlVanillic acid" 3490 1672, 1651 1579,1485
5-Carboxyl vanillic acid" 3410,3210 1682," 1655 1600, 1581, 1488
Vanilloyl formic acid” 3490 1735, 1625 1580, 1517
3,4-Dimethoxy benzoic acid" - 1672 1590, 1518
Conidendrin6 3420 1754 1610.1600,1507,
1580

“ Paraffin mull. 61vbr, pellet. "1 Liquid film. 1 Shoulder. ** Weak.

Dioxane lignin was prepared from extractive-free wood
samples previously used to prepare native lignins as fol-
lows: Twenty-gram samples of pulverized wood were
placed in alundum thimbles and extracted for 2 hr. in a
glass Soxhlet extractor with 250 or. of dioxane and 2.5 cc.
of concentrated hydrochloric, acid. The extract was con-
centrated to 15 cc. in main and poured into 500 cc. water.
The water-insoluble lignin was dissolved ir dioxane and pre-
cipitated into ether. Yield, 60-72% of the Klason lignin con-
tent of the wood. Methoxvl content, varied from 14.7-
15.2%.

Kraft lignin was prepared by bubbling carbon dioxide
into the filtrate from a conventional kraft cook of western
hemlock wood. The precipitate was filtered off, washed, and

(14) F. Forziati, W. Stone. J. Rowen, and \Y. Appel,
J. Research Natl. Rur. Standards, 45, 109 (1950).
(15) A. Bjorkman, Svensk Papperstidn., 59, 477 (1950).

dried. Analyses indicated 2.3% sodium, 0.9% sulfur,
13.3% methoxyl, and an average diffusion coefficient of 23.1
mm.2day, i.e, an apparent molecular weightB of 1870.
The product was subsequently converted to the free acid
by suspension in dilute sulfuric acid. After filtration, wash-
ing, and drying, the product was further purified by dis-
solving it in dry dioxane, filtering, and then precipitating it
into dry ether. The product contained 0.05% sodium and
13.4% methoxyl. Similar products were prepared from pine
and Douglas fir.

Calcium lignosulfonate was prepared from the filtrate of
a conventional calcium-base sulfite rook of western hemlock
according to the procedure of Gray and Croshy.& It con-

(16) V. Felicettn. A Markham, Q. Peniston, and J.
McCarthy, J. Am. Chem. Sac., 71, 2879 (1949).

(17) K. Gray and H. Crosby, U. S. Patent 2,801,994
(August 6, 1957).
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tained 8.6% methoxyl, 4.69% calcium, and 5.2% sulfur.
The free lignosulfonic acid was prepared by treating a 5%
aqueous solution of the calcium lignosulfonate with a large
excess of Amberlite IRC 120 resin. The solution was evapo-
rated to 25% solids in vacuo and poured into dioxane to give
a tan-colored precipitate which was washed with acetone,
ether, and hexane. After drying in a vacuum desiccator
over phosphorus pentoxide for 8 hr., the infrared spectrum
was immediately determined. A desulfonated product was
prepared by suspending 10 g. calcium lignosulfonate in 100
cc. 10% sodium hydroxide solution for 1 hr. at 175°. After
cooling, the mixture was acidified with sulfuric acid and the
precipitate purified similarly to kraft lignin. The product
contained less than 0.2% sulfur.

Acetate derivatives were prepared by treatment with
acetic anhydride and pyridine. Phenolic hydroxyl groups
were methylated in lignin products by refluxing 1 g. lignin
in a mixture of 100 cc. dry acetone, 10 g. anhydrous potas-
sium carbonate, and 3 g. dimethyl sulfate for 3 hr. Reduced
lignins were prepared by lithium aluminum hydride reduc-
tion in dry tetrahydrofuran (3 hr.) or sodium borohydride
in 50%. methanol (4 hr.). Native lignin (1 g.) was alkyl-
ated68by refluxing for 3 hr. in 100 cc. absolute ethanol and
0.4 g. hydrogen chloride. The product was recovered by pre-
cipitation into ether. Ethanol-hydrochloric acid lignin was
prepared by refluxing extractive-free wood with 0.5%
ethanolic hydrogen chloride for 8 to 24 hr. The product
was worked up in the same way as dioxane hydrochloric
acid lignin.

RESULTS

Native lignins. The infrared spectra of native
lignins from five different coniferous genera were
compared and found to be similar but not identical.
It was concluded that the lignins differed in struc-
ture and/or in their content of extraneous matter.
The most readily apparent difference is in the
1650-1775 cm.-1 region. Silver fir, western red
cedar, and hemlock native lignins have an absorp-
tion band with varying intensity at 1749, 1760,
and 1751 cm.-1, respectively, which is absent in
the spectra of pine and Douglas fir native lignins.
This band is not removed upon reduction with
sodium borohydride, but disappears upon lithium
aluminum hydride reduction, so it was attributed
to the presence of a five-membered ring lactone
carbonyl group. Examination of these native lignins
by two dimensional paper chromatography indi-
cated the presence of several extraneous compounds,
one of which was identified as «-hydroxy matai-
resinol. 89 These compounds are relatively in-
soluble in ether and tend to be occluded with lignin
during the precipitation into ether. Since they are
somewhat more soluble in chloroform, repeated
precipitations of a dioxane solution of hemlock
native lignin into chloroform markedly decreased
the 1751 cm.-1 absorption band, and the presence
of extraneous compounds on chromatograms.

The Douglas fir and hemlock native lignins fur-
ther differed from the other native lignins and
mildly prepared whole wood lignins in the relatively
greater height of the 1600 cm.-1 aromatic ring

(18) K. Freudenberg and L. Knof, chem. Her., 90, 2857
(1957).
(19) H. Hergert, unpublished work.
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stretching band as compared with the 1510 cm.-1
band. In phenolic extractives such as tannins,
flavanones, etc., which contain a phloroglucinol
and catechol nucleus, the 1600 cm.-1 band is more
intense than the 1500 cm.-1 band, so this suggested
that similar materials might be present in these
native lignins as impurities and would be reflected in
a higher phenolic hydroxyl content. This has been
substantiated by an appreciably higher phenolic
hydroxyl content of hemlock native lignin (3.8%)
compared with longleaf pine or spruce native lig-
nin (2.5-3.3%) as determined by ultraviolet alka-
line difference spectra." Furthermore, a leucoantho-
cyanin testDwas positive. In the case of Douglas
fir native lignin, aooeak in the alkaline ultraviolet
spectrum at 3300 A and an infrared band at 1640
cm.-1 indicated that the product was contaminated
with traces of taxifolin glueoside2l and/or taxifolin
degradation products.

Al of the native lignins show a moderately strong
absorption at 1660 cm.-1 and a very weak band at
1712 cm.-1, both of which disappear upon reduction
with sodium uorohydride and must, therefore, be
due to aldehyde or ketone groups. Methylation does
not shift the frequency of either band. Acetylation
shifts the frequency of the original 1660 cm.-1
band to 1670 cm.-1, but does not affect the fre-
guency of the 1712 cm.-1 band. The 1660 cm.-1
band is unaffected by formation of a sodium salt of
the native lignin, but the 1712 cm.-1 band disap-
pears and is replaced by a new band at 1575 cm.-1
Since the 1710 cm.-1 band reappears upon acidi-
fication, but is not now removable by sodium
borohydride reduction, an aliphatic carboxyl
group has evidently been formed. Examination of
carbonyl frequencies of model compounds (Table
I) leads to the conclusion that the 1660 cm.-1 band
originates from a ketone carbonyl alpha to an aro-
matic ring, with the para- position etherified and
with an oxygen atom (as a hydroxyl group or
etherified) in the two-position (I). The model for

0o
-CH—C-

CH,0-

this is «-ethoxy propioveratrone (Figure 1A).
The slight shift obtained upon acetylation is at-
tributed to the removal of intermolecular hydrogen
bonds (which tend to lower carbonyl frequencies in
the solid state) by acetylation of hydroxyl groups
present in adjacent molecules. Alternatively, the
slight shift may be due to acetylation of an adjacent
hydroxyl group.2The aldehyde carbonyl frequency

(20) W. Pieman, E. Anderson, R. Fischer, M. Buchanon,
and B. L. Browning, Tappi, 36, 4 (1953); \V. E. Hillis, ./.
Soc. Leather Trades Chem., 38, 91 (1954).

(21) H. L. Hergert and O. Goldschmid, J. Org. Chem,
23,700(1958).

(22) As an example of this, acetylation of phenacyl
alcohol shifts the frequency from 1690 cm.-1 to 1698 cm.-1



Fig. 1. Infrared spectra of:
A. a-Ethoxy propioveratrone
(wafer). B. Guaiacyl acetone
(liquid). C. /3-Hydroxy coniferyl
alcohol (wafer)

of an etherified coniferylaldehyde also occurs in
the 1660-1670 cm.* 1region. Colorimetric studiesZ
indicate that no more than one in twenty-five to
thirty-five lignin monomeric units is a coniferyl-
aldehyde group. Consequently, intensity considera-
tions alone suggest that the 1660 cm.“1band in
native lignin could originate only in a very small
part from coniferylaldehyde groups. The 1712cm.*1
band must originate from a nonconjngated ketone
carbonyl group. The model for this is guaiacyl
acetone (Figure 1B) or the keto form, of /3-hydroxy
coniferyl alcohol (Figure 1C). Treatment of these
two compounds with alkali, as in the alkaline treat-
ment of lignin, results in the destruction of the 1712
cm.” lketone carbonyl and the formation of a car-
boxyl group, probably through oxidative cleavage.
Comparison of the relative heights of the carbonyl
stretching bands in the model compounds with
those of lignin indicates the presence of about one
conjugated a-carbonyl group per five monomers,
i.e., 0.2 CO per OCH3 and about one nonconjngated
carbonyl group per twenty-five monomeric units.
The spectra of the various native lignins con-
tained only two distinct aromatic stretching bands,
1510-1515 and 1595-1603 cm.*1 typical of an
unconjugated guaiacyl nucleus. A very weak
“shoulder” is also discernible at 1580-1585 cm.-1
Since this band usually appears only in conjugated
aromatic compounds, this band can be attributed
to a vibration of the rings which are conjugated
with an a-carbonyl group (structure 1). Arelatively
strong band at 1150 cm.*1 believed to originate

(23) E. Adler, K. J. Bjorkvist, and S. Haggroth, Acta
Chem. Scand., 2, 93 (1948); E. Adler, ind. Eng. Chem.,,
49,1377(1957).
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from a 1:2:4 substituted aromatic ring,24 occurs in
all the guaiacyl compounds in Table | and also
occurs in the native lignins. Moderately strong
bands at 858 and 817 cm.“ 1due to monohydrogen
and two adjacent ring hydrogens out-of-plane
deformations, respectively, were observed in the
native lignin and almost all of the guaiacyl model
compound spectra.

An a/3 double bond conjugated with an aro-
matic ring is the only type of ethylenic double bond
likely to be encountered in the lignin molecule.
Measurement of model compounds containing aro-
matic conjugated trans double bonds (Table II)

TABLE I

Bands Associated Trans- Double

Bonds Conjugated with an Aromatic Ring

Absorption with

c=C =CH
Compound Stretching Deformation
Cinnamic acid 1626 980
3-Methoxy-4-hydroxy cinnamic
acid 1620 972
3-Methoxy-4-acetoxy cinnamic
acid 1626 985
3,4-Dimethoxy cinnamic acid 1625 980
3,4-Dihydroxy cinnamic acid 1620 975
3,4-Diacetoxy cinnamic acid 1626 988
Cinnamaldéhyde 1618 968
3-Methoxy-4-hydroxy
cinnamaldéhyde 1612 962
Isoeugenol 1618 962
Coniferyl alcohol —1612 965
Coniferin —1610 960
Dehydrodiconiferyl alcohol —1610 965
Guaiacyl glycerol /3-coniferyl ether  —1608 965

(24) L. J. Bellamy, The Infrared Spectra of Complex Mole-
cules, Methuen and Co., London, 323 pp. (1954).
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indicated that the C = C stretching vibration
occurs in the range of 1608-1626 cm.“1, while the
C—H out-of-plane deformation absorbs at 960-
988 cm.“1The absence of an absorption band at
1610-1625 cm.“land the extremely weak band at
970 cm.“1 suggests that very few double bonds
(probably less than one for each twenty monomers)
are present in the native lignin molecule.

Bands at 3400 (shoulder at 3190), 1220, 1087, and
1043 cm.* lare interpreted as arising from hydroxyl
group vibrations. The O—H stretching band at
3400 cm.“ 1is broad, indicating hydrogen bonding.
Phenolic hydroxyl groups give rise to a 1200-1225
cm.“1absorption in guaiacyl compounds which is
attributed to the aryl C—O stretching mode and is
thus assigned in lignin. The intensity of this band
is lowered upon méthylation of the lignin phenolic
groups as is the 1200 cm.*“ 1band in vanillyl alcohol
and a-hydroxy propiovanillone upon méthylation.
Similar méthylation of apocynol causes the band
to disappear entirely.

The O—H deformation or C—O stretching band

INFRARED SPECTRA OF CONIFER LIGNIN. 11
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Fig. 2. Infrared spectra of:
A. I-Ethoxy-I-(4-hydroxy-3-
methoxyphenvl)ethane  (mull).
B. I-Hydroxy-I-(3,4-dimethoxy-
phenvl)ethane (liquid). C. 1-
Methoxy - 1- (3,4 - dimethoxy-
phenyl)ethane. D. 1-Hydroxy-
I-(4-hydroxy-3-methoxyphenyl)-
ethane (apocynol) (mull). E.
Apoc}mol diacetate (film)

was found to occur at about 1000 cm.“ 1for benzyl
alcohols, 1040 cm.“1for primary alcohol groups,
and 1075-1090 cm.*1 for secondary hydroxyl
groups in the model compounds studied. Since ali-
phatic ethers also absorb at 1085-1120 cm.*1land
the C—O deformation of the methoxyl groups oc-
curs at 1030 cm.“1Bassignment of the absorption
bands with certainty in this area of the lignin spec-
trum is difficult. Comparison of the spectral effect
of acetylation and méthylation of lignin with model
compounds led to the conclusion that the both
aliphatic ether linkages and secondary hydroxyl
groups are present in the native lignin molecule and
are responsible for the 1082-1087 cm.* labsorption
band. The presence of both phenolic and aliphatic
hydroxyl groups was further confirmed by the
presence of strong 1760 and 1740 cm.*“1 ester
carbonyl stretching bands in the acetate spectra.
Methoxyl group and aromatic-aliphatic ether ab-3

(25) L. H. Briggs, L. D. Colebrook, H. M. Fales, and
W. C. Wildman, Anal. chem., 29, 904 (1957).
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TABLE 111
Infrared Frequency Assignments (Tentative) of Native Lignin and Several Guaiacyl Model Compounds
Frequency (Cm. 0
1-Hydroxy /3-Guaiacyl- Southern Western
1-guaiacyl glycerol /3-Hydroxy pine hemlock
ethane coniferyl coniferyl native native
Assignment (Apocynol) ether* alcohol lignin lignin
O—H stretching (H-bonded) 3420 3390 3440 3400 3420
3100 3360 3150c 3160r
C—H stretching (methoxyl groups and side-chain CH) b 2920 2920 2920 2920
b -2850 2820 2850 2875,
2820f
C =0 stretching
Aliphatic ketone 1712 1712 1712
p-Substituted aryl ketone 1660 1655
C=C stretching 1653d
C=C skeletal vibrations (aromatic ring) 1597 1608, 1587 1602, 1597 1606 1607
1525 1515 1512 1512 1512
C—H deformation (asymmetric) b 1462 1461 1462 1462
Unassigned (present in all guaiacyl compounds examined) b 1414 1435, 1415 1423 1432
C—H deformation (symmetric) 1365 1364 1362 1365 1365
C—Ostretching, aromatic (methoxyl) 1263, 1282 1270 1270 1270 1268
C—Ostretching, aromatic (phenol) 1216 1222 1235, 1212 1220 1232, 1215
Unassigned (methoxyl group) 1192 —1185 1178 -1190 -1185
Unassigned (1:2:4 substitution) 1160 1159 1152 1153 1155f
Unassigned 1132 1131 1127 1135 1145
Unassigned (aromatic ether) 1124 —1120c 1118 —1125¢ 1120
C—O deformation (aliphatic ether or secondary hydroxyl) 1092, 1076 1085 1087 1082
C—O deformation (primarv hydroxyl) 1040r (?) 1042r 1043 1043r
C—O deformation (methoxyl group) 1035 1031 1034 1031 1031
Unassigned 1010d 987d 990d
=CH out-of-plane deformation (trans) 965 970d 968d
Unassigned (possibly OH out-of-plane deformation) 931 —930 —930
C—H out-of-plane deformation
(One H, aromatic ring) 860, 872 857 858 858 857
(Two H, aromatic ring) 825 814 825, 816f 817 815

a K. Freudenberg and W. Eisenhut, chein. Der., 88, 626 (1955).6 Band obscured by Nujol. ¢ Shoulder. d Very weak.

sorptions occurred at 2920, 2850, 1462, 1365, 1270,
1190, 1125, and 1031 cm.-1, identical with guaiacyl
model compounds. The band assignments of long-
leaf pine and purified western hemlock native lig-
nin, which appeared to be relatively free of extra-
neous constituents, and several lignin model com-
pounds, which contain functional groups believed
to be present in lignin, are summarized in Table
I,

Milled wood lignin. Bjorkman’s recently dis-
covered procedureBfor lignin isolation from extrac-
tive-free wood appears to give a product structurally
less altered than any other procedure devised to
date. The infrared spectra of pine- and hemlock-
milled wood lignins were compared with each other
and with corresponding native lignins. Although no
major differences in wave lengths of the absorption
bands were observed, differences in the relative
intensities of the bands were apparent, especially
in the 1000-1250 cm.-1 region. Since all of these
lignin samples were isolated by the same procedure,
the spectral differences must be interpreted as indi-
cating structural differences in the lignin molecule
which are dependent upon genera. The spectral
region in which these differences are most conspicu-
ous involves ether linkages and hydroxyl groups,
so it may be concluded that lignins from different

genera differ in molecular structure. If Freuden-
berg’s hypothesis is correct, viz., that lignin poly-
merization proceeds through a number of different
dimeric products® which vary mainly in ether
linkages and hydroxyl groups, then the structural
differences in lignins from different sources would
involve different proportions of the dimers in the
polymer.

The milled wood lignins shows a relatively strong
band at 1660 cm.-1 and a weaker band at 1710-
1715 cm.-1 Both of these bands are stronger than
those in the corresponding native lignins. They
appear to be due to the same type of carbonyl
groups, i.e.,, an unconjugated ketone alpha to an
aromatic ring with the para- position etherified,
since the characteristic shifts upon acetylation, re-
duction, and treatment with base are identical in
both cases. Differences in ring substitution were
suggested by the relative heights of the 815 and
850-860 cm.-1 C—H out-of-plane deformation
bands. The 860 cm.-1 band, which indicates one
free ring hydrogen atom, is stronger than the 815
cm.-1 band (two adjacent ring hydrogens) in the
milled wood lignins while the reverse was observed
with native lignins. This may indicate a much

(26) K. Freudenberg, Angcw. Chetn., 68, 81 (1956).
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Fig. 3. Infrared spectra of
western  hemlock lignin: A
Native lignin (wafer). B. Milled
wood lignin (mull). C. Dioxane
lignin (mull). D. Kraft lignin
(wafer). E. Lignosulfonic acid
(mull). Dotted lines indicate
bands due to paraffin in mulls

higher degree of substitution in the 5-position of
wood lignin as compared with native lignins.

Further differences between milled wood and
native lignins are apparent from a comparison of
the spectra of the acetate derivatives (determined
as potassium bromide wafers of equal concentra-
tion). The total hydroxyl content, as evidenced by
the intensity of the acetate ester carbonyl stretch-
ing bands, was markedly higher in native lignin
than milled wood lignin. The ratio of aliphatic
to phenolic hydroxyl groups (as indicated by the
aliphatic ester band, 1735-1740 cm.-1, and phenolic
ester band, 1760 cm.-1) was higher in the milled
wood lignin than the native lignin. The 1085 cm.-1
band, which appears to indicate the presence of
aliphatic ether linkages in the acetate derivative,
is markedly higher in the milled wood lignins than
in the native lignins. This suggests that some of the
oxygen atoms, appearing as hydroxyl groups in
native lignin, are bound in aliphatic ether linkages
in whole wood lignin.

infrared spectra of conifer LIGNIN. Il
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Dioxane lignin. One of the disadvantages of the
use of milled wood lignin for structural studies is
that preparation is exceedingly slow and results
in very small amounts of material. Both of these
difficulties may be circumvented by the use of di-
oxane-hydrochloric acid as an extraction medium.2
The spectra of dioxane lignins from five coniferous
genera were similar but not identical. Although this
provided further evidence for the variation of
lignin structure with genera, there was indication
of structural rearrangement which had taken place
during isolation. The 1710 cm.-1 band was ap-
preciably stronger than the corresponding band in
native or milled wood lignin. It is due to an uncon-
jugated ketone carbonyl group which is apparently
formed during the isolation process. Treatment of
native or milled wood lignin with dioxane-hydro-

(27)  (a) O. Engel and E. Wedekind, Ber., 69B, 2434
(1936); (b) H. Kiefer and E. Kurth, Tappi, 36, 14 (1953);
(c) E. Adler, J. M. Pepper, and E. Eriksoo, ind. Eng. Chem.,
49,1391(1957).
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chloric acid similarly results in an intensified 1710
cm.-1 band, while dioxane-hydrochloric acid treat-
ment of native lignin reduced with lithium alumi-
num hydride results in the formation of both un-
conjugated and conjugated carbonyl groups. Fur-
ther differences in dioxane lignin and milled wood
lignin are indicated by the higher phenolic hydroxyl
content of dioxane lignin, as evidenced by a more
intense 1760 cm.-1 phenolic acetate carbonyl
stretching band in the acetate derivative, and dif-
ferences in the 1125-1150 cm.-1 bands, which
are related to aromatic aliphatic ether linkages.
All of these changes are paralleled in the treat-
ment20 of the guaiacyl ether of guaiacyl glycerol
(1) with dioxane-hydrochloric acid in which
guaiacol is liberated and vanilloyl acetyl (111)
and guaiacyl acetone are formed by dehydration
and rearrangement.

2 HOR—CHOH—CHOR—CH2A)H — >
2ROH + HORCO—CO—CH, +
I 1

HORCH2—CO—ch3
\Y)

H3 O -

This strongly points to the presence of similarly
substituted guaiacyl glycerol units in lignin. If
dioxane-hydrochloric acid treatment of wood is
extended from 2 to 12 or 24 hr., additional changes
are found in the 1000-1250 cm.-1 area of the spec-
trum. This suggests that further extensive rear-
rangements have taken place, and strcngly indicates
that short extraction periods, i.e., 2 hr., should be
used in the dioxane-hydrochloric acid procedure
if relatively unchanged lignin is desired.
Alcoholysis of lignin. When lignin is isolated
from wood with methanol or ethanol and hydro-
chloric acid, or when native lignin is treated with
these same reagents, the alkoxyl content is ap-
preciably increased. Brauns concluded that the
methoxyl or ethoxyl groups introduced in the lig-
nin molecule were attached to a carbonyl group,
probably in an acetal linkage. As proof of this, he
citedBthe infrared study of Jones,5ain which it was
stated that the absorption band in the spectrum of
native lignin at 1663 cm.-1, which was attributed
to an aldehyde or ketone group, was absent in the
spectrum of native lignin methylated with meth-
anol-hydrochloric acid. In direct opposition to this,
Adler and Gierer,® who believe that alkylation
with methanol-hydrochloric acid involves a re-
action with benzyl alcohol groups, observed that
the carbonyl band in the infrared spectrum of native
lignin did not disappear upon methylation with
methanol-hydrochloric acid. During the present
(28) Ref. 6a, pp. 230-231.

(29) E. Adler and J. Gierer, Ada Chem. Scand., 9, 84
(1955).
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study, the spectra of native lignin treated with
ethanol-hydrochloric acid and of ethanol-hydro-
chloric acid wood lignin were determined. Both
products showed absorption bands at about 1650
cm.-1 and 1710-1715 cm.*] in agreement with the
work of Adler and Gierer. The unconjugated car-
bonyl band (1710 cm.-1) is appreciably stronger
than in the original lignin, while the 1650 cm.“1
band is slightly less intense. Treatment of reduced
native lignin with methanol-hydrochloric acid
results in a product which also shows bands at these
same frequencies. Other differences in the spectra,
i.e., in the 1000-1200 cm.“1and 750-900 cm.-1
regions indicate that considerable structural re-
arrangements have taken place. These are inter-
preted as hydrolysis to liberate phenolic hydroxyl
groups and dehydration to form carbonyl groups,
as in dioxane lignin, and methylation of secondary
(benzyl) alcohol groups. In view of this, it appears
unwarranted to draw conclusions concerning the
structure of wood lignin which are based exclu-
sively on the study of alcoholysis lignin.

Kraft lignin. The spectra of kraft lignins differed
depending upon whether they were precipitated
with carbon dioxide or mineral acid from the alka-
line pulping liquor. Chemical analyses of the prod-
uct precipitated with carbon dioxide showed
it to contain 2.3% sodium, and the spectrum had
an absorption band at 1580-1590 cm.“1 typical
of carboxylate ion.3 Absorption at 1660-1720
cm.-1 was absent. Upon subsequent acidification
with sulfuric acid, the sodium content was reduced
to a negligible value, and the spectrum (Figure
3D) now showed a moderately strong band at
about 1713 cm.*1 which was assigned to the
stretching frequency of a nonconjugated carboxyl
group. Kraft lignins also contain a conjugated
ketone carbonyl group which shows an absorption
at about 1650 cm.“1 however, this functional
group appears to be conjugated through the aro-
matic ring to a para-phenolic hydroxyl rather
than to a para-ether linkage as in the original wood
lignin. This is evidenced through a shift of the
band to about 1635 cm.“1upon conversion of the
lignin to a sodium salt.

The remainder of the spectrum of acidified kraft
lignin closely resembled the dioxane lignin spec-
trum. Comparison of spectra (potassium bromide
pellets of equal concentration) indicated the kraft
lignin to have slightly higher intensities of the 1600
cm.“land 1220 cm.*1bands and weaker intensi-
ties for the 1515, 1125, 1085, and 1030-1035 cm.*1
bands. These differences are interpreted as indi-
cating that the kraft process causes an increase in
phenolic hydroxyl content through ether cleavage
and loss of methoxyl group and, possibly, some loss
of aliphatic hydroxyl groups either through dehy-

(30) Infrared evidence of carboxyl groups in kraft lignin
has also been suggested by J. J. Lindberg, Finska Kemisl-
samfundets Medd., 64, 23 (1955).
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dration or mercaptan or sulfide formation. Unfortu-
nately, the carbon-sulfur vibrations are relatively
weak and occur at 600-700 cm.-1 region, which was
not readily accessible with the equipment avail-
able in this laboratory.

Lignosulfonates. The spectral shift observed upon
conversion of sodium and calcium lignosulfonates to
free lignosulfonic acids by ion exchange indicated
the presence of carboxyl groups in lignosulfonates,
although the amount appears to be less than that
present in kraft lignins. Unconjugated carbonyl
groups are absent and conjugated carbonyl groups
are present in relatively small amount, except
in lignosulfonates which have been treated with
alkali. In the latter case, an appreciable content of
ketone carbonyl groups conjugated with a free
para-hydroxyl group is indicated.

The absorption bands in the lignosulfonic acid
spectrum, as compared to dioxane-hydrochloric
acid lignin, are rounded or less well defined. The
815 and 860 cm.-1 bands are very weak. This
strongly suggests higher molecular weights (in-
creases in molecular weight usually produce a more
diffuse spectrum), structural rearrangement and/or
condensation. Colthup8 suggests the following
series of absorption bands for sulfonic acids and
salts: 1260-1150 cm.-1 (strong), 1080-1010 cm.-1
(medium) and 600-700 cm.-1 (medium). A strong
but broad band at 1200-1210 cm.-1, a band at
1040 cm.-1 (evidenced by markedly increased
absorption at this wave length as compared with
dioxane-hydrochloric acid lignin), and a medium
intensity band at 650 cm.-1 were observed in the
lignosulfonic acid. The band at 1200-1210 cm.-1 is
somewhat more pronounced in the lignosulfonate
salt. Both the 1210 and 1040 cm.-1 bands occur
at the same frequency as absorption bands already
present in the unsulfonated

(31) N. Colthup, J. Opt. Soc. America, 40, 397 (1950).
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so they are not particularly valuable for diagnostic
studies. The 650 cm.-1 band does not occur in un-
sulfonated lignin. Désulfonation of a sodium
lignosulfonate by treatment with sodium hydrox-
ide at elevated temperatures results in a loss of the
650 cm.-1 band and a marked decrease in the 1040
and 1210 cm.-1 absorptions. The spectrum of the
desulfonated lignosulfonate, though containing
bands of approximately the same wave lengths,
is readily distinguishable from the dioxane lignin
spectrum. Considerable structural alteration has
apparently occurred in the désulfonation process,
including increase in phenolic hydroxyl content
and loss of methoxyl groups.

Although considerable information about the
structure of conifer lignin has been gained by a
study of their infrared spectra, the work reported
here also indicates that elucidation of lignin struc-
ture may be even more difficult than hitherto
suspected. Thus, not only are native lignins not
identical with whole wood lignin, but lignin struc-
ture appears to vary with genera. Further dif-
ficulties are involved in the fact that many pre-
vious investigators have attempted to apply their
results on lignins isolated by processes such as
alcoholysis, sulfonation, etc., to lignin as it exists
in wood. Infrared spectra show, however, that many
of these lignins are rearranged during isolation;
consequently structural studies based on them are
of limited value for this purpose. Since generic
differences in lignins are apparent from the spec-
tra, it is proposed that future work should be de-
voted to functional group analyses of lignins iso-
lated by the same process from various genera, and
that the enzyme systems and cambial constituents
(lignin intermediates) of various genera and species
be compared. In this way many past discrepancies

lignin molecule,® in the lignin literature are likely to be clarified.

Shelton, Washington

[Contribution from the Lilly Research Laboratories]

The Reaction of Saccharin with Amines. iV-Substituted-3-Amino-
1,2-benzisothiazole-l,1-dioxides

CALVERT W. WHITEHEAD ana JOHN J. TRAVERSO
Received December 17, 1959

Saccharin reacts with excess amines to produce V-substituted 3-amino-l,2-benzisothiazole-I, 1-dioxides. Under the same
conditions W-methylsaccharin produces W-substituted o-methylsulfamylbenzamides. Saccharin with one equivalent of amine
produces IV-substituted o-sulfamylbenzamides. The reaction products of hydrazine hydrate with saccharin and W-methyl-
saccharin have been assigned structures based on the similarity of their infrared spectra to that of benzoic acid hydrazide.

hours gave crystalline 3-amino-l,2-benzisothiazole
-1,1-dioxides. Derivatives of lower boiling amines

A number of 3-amino-I,2-benzisothiazole-l,1-di-
oxides were prepared for pharmacological evalua-
tion as diuretic or hypoglycemic agents. As in the
case of arylamines,1refluxing saccharin with alkyl-
and aralkylamines boiling at least at 130° for eight

(1) a. Mannessier-Mameli, Gazz. chim. Hal, 65, 51

(1935); Chem. Abstr., 29,3996 (1935).
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were made by the amination of pseudosaccha-
rin chloride. These compounds are all weak acids
with pK'avalues of about 125 in 66% dimethyl-
formamide. All the 3-amino-l,2-benzisothiazole-
1,1-dioxides have a bitter taste.

Under the conditions which produced the 3-ami-
no-l,2-benzisothiazole-1, 1-dioxides, V-methylsac-
charin yielded benzamide derivatives, ”-substi-
tuted o-methylsulfamylbenzamides were obtained
when A-methylsaccharm was refluxed with excess
amines boiling at least at 130°. The iV-substituted
o-sulfamylbenzamides were prepared by refluxing
saccharin with one equivalent of amine in chloro-
benzene solvent. The o-sulfamylbenzamides are
weakly acidic with pK'a values of 12.4 while the
o-methylsulfamylbenzamides have pK'a values of
13.3 in 66% dimethylformamide.

A similar situation occurred when hydrazine
hydrate was used as a reactant under milder con-
ditions. In aqueous solution saccharin and hydra-
zine hydrate merely formed the salt. In dioxane,
saccharin and hydrazine hydrate produced a com-
pound with the empirical formula CHIN3 3 after
initial salt formation. iV-Methylsaccharin also re-
acted with hydrazine hydrate in dioxane to give a
product of CBHNNI &.

sorhr

C-NHR’
d NHR'

The infrared spectra of the two compounds are
very Similar and suggest like structures. In aceto-
nitrile solution CBHuUNI I shows amide carbonyl
absorption (1658 cm.-1), NH2 deformation (ca
1635 cm.-1), amide Il (1520 cm.-1) and S02
stretching absorption (1337, 1175 cm.-1). CHN3
03 exhibits amide carbonyl absorption (1660
cm.-1), NH2 deformation (1637 cm.-1), amide Il
(1527 cm.-1) and S02stretching absorption (1353,
1173 cm.-1). The hydrazine hydrate reaction prod-
uct of IV-methylsaccharin (CsHUNfOsS) was as-
signed the structure o-methylsulfamylbenzoylhy-

WHITEHEAD AND TRAVERSO
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drazine because of the similarity of the infrared
spectrum to that of benzoic acid hydrazide. The
solution spectrum (chloroform) of C8HNNID S
contains NH stretching absorption (3440, 3342, ca.
3285 cm.-1), amide carbonyl (1667 cm.-1), amide |1
(1467 cm.-1), NH2 deformation (1625 cm.-1)
and S02 absorption (1337 and 1170 cm.-1). In
chloroform solution benzoic acid hydrazide exhib-
its NH absorption (3460, 3340 cm.-1), amide car-
bonyl (1670 cm.-1), amide Il (1478 cm.-1) and
NH2 deformation absorption (1627 cm.-1). The
shapes and relative intensities of these bands are
comparable. Removal of the amide NH and NH2
deformation bands in the spectra of the deuterated
compounds (prepared by exchange with deuterium
oxide) establishes the correctness of these assign-
ments. Thus the hydrazine hydrate reaction prod-
uct of saccharin (CHINJ ) is o-sulfamylbenzoyl-
hydrazine.

o-Sulfamylbenzoylhydrazine has an acidic pK'a
12.0 in 66% dimethyl formamide whereas o-methyl-
sulfamylbenzoyl-hydrazine has pK'a 12.7. Alkyl
substitution onthe sulfamyl group decreasesthe acid
strength as exemplified by N-cyclohexyl-o-sulfamyl-
benzamide (pK'a66% dimethylformamide 12.4) and
V-cyclohexyl-o-methylsulfamylbenzamide  (pK'a
66% dimethylformamide 13.3). Although both
benzoic acid hydrazide and benzenesulfonamide are
weakly acidic (pK'a 66% dimethylformamide ca.
14.0, 13.1), the group titrated in the o-sulfamyl-
benzoyl hydrazines must represent the acidic dis-
sociation of the sulfamyl group. Alkyl substitution
on the sulfamyl group would not be expected to
lower the acidity of the acid hydrazide.

Both o-sulfamylbenzoylhydrazines were treated
with acetic anhydride under mild conditions, o-
Methylsulfamylbenzoylhydrazine produced a nor-
mal derivative, I-acetyl-2-(o-methylsulfamylben-
zoyl) hydrazine (pK'a 66% dimethylformamide
10.0). Acetylation of benzoic acid hydrazide greatly
increases the acidity (l-acetyl-2-benzoylhydrazine,
pK'a 66% dimethylformamide 11.3). o-Sulfamyl-
benzoylhydrazine, however, produced a cleavage
product identified as N-acetylsaccharin.

EXPERIMENTAL

N-Subslituted-8-amino-1,2-benzisothiazole-1,1-dioxides
(Table 1). Method A. One-tenth mole of saccharin was
added to excess alkyl- or aralkylamine boiling at least at
130°. After initial salt formation the saccharin went into
solution and refluxing was continued for 8 hr. The excess
amine was then removed under reduced pressure and ether
was added to the residue. The crystalline product was
collected and again -washed wdth ether. When it was diffi-
cult to remove high boiling amines, ether -was added di-
rectly to the cooled reaction mixture and the crystalline
product -wes filtered off. The 3-amino-l,2-benzisothiazole-
1,1-dioxides were purified by crystallization from ethanol or
aqueous ethanol.

Method B. Pseudosaccharin chloride2 (0.05-0.10 mole)

(2) J. R. Meadow and E. E. Reid, 3. Am. Chem. Soc.,
65,457(1943).
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was added portionwise to two equivalents cf the appropriate
amine in dioxane. The mixture was then heated on the
steam bath for 1 hr. The dioxane was removed under re-
duced pressure and dilute ethanol was added to the residue.
The solution was treated with carbon if necessary and then
filtered. The products were crystallized by concentrating the
solution and cooling. The 3-amino-l,2-benzisothiazole-l,I-
dioxides were purified by crystallization from ethanol or
aqueous ethanol.

N-Substituted-o-sulfamylbenzamides (Table Il). Saccharin
(0.10-0.20 mole) was added to chlorobenzene to which one
equivalent of the appropriate amine had been added. The
mixture was refluxed for 8 hr. and then the solvent was re-
moved under reduced pressure. The residue was acidified
by the addition of dilute hydrochloric acid and cooled.
The material which crystallized was collected and recrys-
tallized from dilute ethanol. The o-sulfamylbenzamides were
purified by crystallization from aqueous ethanol.

N-Substituled-o-methylsulfamylbenzamides (Table II). N-
Methylsaccharin3(0.05-0.10 mole) was added to excess alkyl-
or aralkylamine boiling at least at 130°. The mixture was
refluxed for 8 hr. and then as much of the excess amine as
possible was removed under reduced pressure. Dilute hydro-
chloric acid was added to the residue and the acidic solution
was cooled to induce crystallization. The material which
crystallized was collected and recrystallized from dilute
ethanol. The o-methylsulfamylbenzarnides, were purified by
crystallization from aqueous ethanol.

o-Su!famylbenzoylhydrazine. Eighteen grams (0.10 mole)
of saccharin was heated on the steam bath for 5 hr. with 5 g.
(0.10 mole) of 100% hydrazine hydrate :n 250 ml. of di-
oxane. After the mixture had become homogeneous most
of the dioxane was removed under reduced pressure and the
crystalline residue was collected. The product was crys-
tallized from ethanol to yield 16.5 g. (77%) of material.
The o-sulfamylbenzoy]hydrazine was purified by crys-
tallization from ethanol, m.p. 180° dec.

Anal. Calcd. for CHINI &S: C, 30.00; H, 4.21; N, 19.53.
Found: C, 39.06; H, 4.10; N, 19.81.

o-Methylsulfamylbenzoylhydrazine. Twenty grams (0.10
mole) of iV-methylsaccharin was added to 150 ml. dioxane.
Five grams (0.10 mole) of 100% hydrazine hydrate was

3) H. L. Rice and G. R. Pettit, ¢/. Air. Chein. Soc., 76,

302(1954).
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added to the solution and the mixture was heated on the
steam bath for 4 hr. The dioxane was removed under re-
duced pressure and the residue was dissolved in ethanol and
filtered. The product was crystallized by concentrating the
ethanol solution and cooling. The o-methylsulfamylbenzoyl-
hydrazine was purified by crystallization from ethanol to
vield 17 g. (74% lof material, m.p. 140°.

Anal. Calcd. for CH,NI.,S' C, 41.91; H, 4.84; N, 18.33.
Found: C, 42.04; H, 4.92; N, 18.18.

N-Acctylsac.charin. Five grams of o-sulfamylbenzoylhy-
drazinc was warmed on the steam bath with 40 ml. acetic
anhydride to dissolve the solid. The mixture was allowed
to stand overnight at room temperature. The excess acetic
anhydride was removed under reduced pressure and the
residue was dissolved in ethanol. The ethanol solution was
concentrated and cooled to jfield 3 g. of material with m.p.
191° (lit.4m.p. 193°) after recrystallization from ethanol. The
infrared spectrum of this material was identical with that
of an authentic sample of A-acetylsaceharin.

Anal. Calcd. for CJLNO4S: C, 48.00; H, 3.12; N, 6.23.
Found: C, 47.84; H, 2.82; N, 6.07.

I-Acelyl-2-(o-svifamylben:oyl)hydrazme. Five grams of
o-methylsulfamylbenzoylhydrazine was warmed on the
steam bath with 35 ml. acetic anhydride and then allowed
to stand overnight at room temperature. The excess acetic
anhydride was removed under reduced pressure and the
residue was dissolved in ethanol. Concentration of the
solution and cooling yielded 3.5 g. of material. The 1-acetyl-
2-(o-sulfamylbenzoyl)hydrazine was recrystallized from
ethanol m.p. 164°.

Anal. Calcd. for C.OHIN3D4&: C, 44.27; H, 4.83; N,
15.49. Found: C, 44.17; H, 4.97; N, 15.78.

Acknowledgement. The authors thank R. M.
Hughes, H. L. Hunter, and G. Maciak for the mi-
croanalyses. Harold Boaz and Donald Woolf gave
valuable aid in establishing the structures and in-
terpreting the physical data of the compounds re-
ported.

Indianapolis. Ind.

(4) H. Eckenroth, chem. zenlr., I, 235 (1897).

[Contribution No. 1587 from the Department of Chemistry, Yale University]

Electron Exchange Polymers. XIIl. The Preparation of S-Vinylanthraquinonel

MIGUEL FERNANDEZ-REFOJO, YUE-LIANG PAN, KENNETH A. KUN, ana HAROLD G. CASSIDY
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The synthesis of 0-vinylanthraquinone (2-ethenylanthraquinone) from 2-methylanthraquinone is described. 2-Methvl-
anthraquinone is oxidized to the 2-aldehyde which is converted to anthraquinone-2-acrylic acid. This yields /3-vinylanthra-
quinone upon decarboxylation. The vinyl compound is characterized by physical and chemical methods. It appears possible
to polymerize the vinyl compound and to prepare copolymers with styrene, with a-mcthylstyrene, and with maleic anhy-
dride using free-radical initiators. The yields are low, and the products have not been characterized.

Anthraguinone has been shown not to interrupt
the polymerization of styrene, as the presence of
anthraquinone during polymerization has no effect

(1) This work was supported in part by a research grant

G 3207 from The Division of Research Grants of The Na-
tional Institutes of Health, Public Health Service, and in
part by a grant from Research Corporation, both of which
we acknowledge with pleasure.

on the molecular weight of the polystyrene pro-
duced.BAnthraguinone is also reported not to react
with free radicals from azodiisobutyronitrile.3
Moreover, three vinylanthracenes have been pre-

(2) B. A. Dolgoplosk and S. Sh. Korotkina, zhur. Obshchei
Khun., 27, 2546 (1957). (Through chem. Abstr., 52, 7218*.)

(3) F. J. L. Aparicio and \V. A. Waters, ./. Chem. Soc.,
1952, 4666.
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pared: the 1-, 2- and 9-compounds;4 it is observed
that they polymerize. These findings show that un-
der the conditions of the experiments neither the
reducibility of anthraquinone nor the size of the
parent anthracene molecule prevent vinyl poly-
merization. It thus seemed feasible to prepare a
vinylanthraquinone, and from it to prepare a poly-
vinylanthraquinone which would contribute an
additional type of ring system to our class of oxida-
tion reduction, or electron exchange polymers.5
The preparation and properties of /3-vinyl anthra-
quinone (2-ethenylanthraquinone) are reported
here, as well as some attempts at polymerization.

EXPERIMENTAL

Anthraquinone-2-aldchyde diacetate.6 Twenty-five grams of
2-methy]ant,hraquinone was dissolved in a hot mixture of
625 ml. glacial acetic acid and 925 ml. acetic anhydride. The
mixture was held at 5-10° while 25 ml. of concentrated sul-
furic acid, followed by a solution of 30 g. chromic oxide in
30 ml. acetic acid, were added. The addition of the chromic
solution should be done with vigorous stirring and should be
completed in 2 hr. The mixture was stirred for about 4 more
hr. at 5-10° then allowed to warm to room temperature.
The greenish solution was poured into ice water, and the
resulting precipitate filtered, washed five times with distilled
water, and dried. Extraction with chloroform removed the
desired product and left as a residue the byproduct, anthra-
quinone-2-carboxylic acid. Removal of the chloroform
yielded a solid which was recrystallized twice from 95%
ethyl alcohol. Pure anthraquinone-2-aldehyde diacetate so
produced formed yellow, crystalline leaflets, m.p. 145-146°
(corr.); yield 22.5 g., (59%).

Anthraquinone-2-aldehyde .6 Twenty-eight grams of anthra-
quinone-2-aldehyde diacetate was dissolved in 650 ml. warm
acetic acid, and 280 ml. cone, hydrochloric acid was added.
The mixture was refluxed 10-15 min. and allowed to cool to
room temperature. As the long, light yellow needles which
formed are sensitive to light, becoming gray on exposure, the
material was kept in the dark and handled in dim light.
The crystalline product, dried in vacuo over sodium hy-
droxide pellets, melts at 187-188°, yield: 17.5 g. (89.6%).
The filtrate, poured into ice water, yielded about 2 g. of
nearly pure aldehyde, m.p. 185-188°, as a light yellow solid,
apparently not sensitive to light.

Anthraquinone-2-acrylic acid. When this substance was
prepared by the method of Eckert.,7using a Perkin reaction,
the yield was only fair, and the crude product was difficult
to purify. The procedure of Hershberg and Ficser8 gave
excellent results. In a 250 ml. round bottom flask, 9.6 g.
anthraquinone-2-aldehyde (0.040 mole), 15 g. malonic acid
(0.144 mole), and 50 ml. pyridine were refluxed gently
(oil bath). At first, the solids dissolved, then in 2 or 3 min.
with increased gas evolution and foaming, the mixture set
suddenly to a pasty mass. The mixture was heated for 1 hr.

(4) (@) E. G. E. Hawkins, J. chem. Soc., 1957, 3858.
(b) E. D. Bergmann and Dov Katz, J. chem. Soc., 1958
(3216).

(5) H. G. Cassidy, 3. Am. chem. Soc., 71, 402 (1949);
H. J. Harwood and H. G. Cassidy, J. Am. Chem. Soc., 79,
4360 (1957); 1. D. Robinson, M. Fernandez-Refojo, and
H. G. Cassidy, J. Polymer Set., 39, 47 (1959); Y-h. Chen,
M. Fernandez-Refojo, and H. G. Cassidy, J. Polymer Set., 40,
433(1959).

(6) F. Ullmann and K. L. Klingenberg, Ber., 46, 712
(1913).

(7) A. Eckert, Monatsh., 35, 289 (1914).

(8) E. B. Hershberg and L. F. Fieser, J. Am.
Soc., 63,2561(1941).
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with occasional shaking, then 7.5 g. (0.072 mole) of malonic
acid and 15 ml. pyridine were added and the mixture heated
1hr. longer. The mixture was allowed to cool, and was filtered
and the yellow solid washed thoroughly with pyridine five
times and then with ethyl alcohol. Soluble impurities were
thus removed, leaving a yellow solid which, vacuum dried,
melted at 333-335°, and weighed 10.5 g. Yield 92.8%.

2-Vinylanthraquinone. Catalytic decarboxylation methods
were used to prepare vinylanthraquinone from anthra-
quinone-2-acrylic acid.89Ten parts of the acid were heated
with 1 part of catalyst in 7 to 8 parts of quinoline at its
boiling point (230-240°). After 20 to 30 min., when the
evolution of gas had stopped (longer heating decreases the
yield), the brown solution containing some solid particles
was cooled and extracted with ether. The extract was
washed with 4N hydrochloric acid (care) four or five times,
and with water. Upon drying the ether solution over anhy-
drous sodium sulfate and removing the ether, a crude 2-
vinylanthraquinone was obtained, which could be purified
by vacuum sublimation. Alternatively, the brown solution
may be poured into excess 2N hydrochloric acid to form the
soluble quinoline salt. The product was washed free of acid
and dried. The charcoal-gray solid remaining was extracted
with hot 95% ethyl alcohol. Removal of the alcohol from
the extract, by cistillation, left crude 2-vinylanthraquinone.
Both methods gave nearly the same yields.

The catalysts used were: copper powder, yield 21.4%;
basic cupric carbonate, yield 22.8%. When the latter catalyst
was added to the boiling solution of anthraquinone-2-
acrylic acid in quinoline a slightly improved yield of 25.7%
of theory was obtained.

Vacuum-sublimed 2-vinylanthraquinone still smelled of
quinoline. Two recrystallizations from ethyl acetate gave a
product almost free from quinoline. This formed clusters
of yellow crystals, m.p. 175-177°. The substance is slightly
soluble in carbon tetrachloride, ether, and glacial acetic
acid. It is soluble in toluene, in ethylene dichloride and in
warm alcohol, and very soluble in chloroform. The substance
shows the —Ct=C— stretching vibration at 6.11 n in the
infrared region.

Anal. Calcd. for CuTfioCh: C, 82.05; H, 4.30. Found: C,
82.25; H, 4.32.

Bromination with pyridine sulfate dibromidecalculated
for 1.00 double bond; found: 0.88. Hydrogenation in ethyl
acetate, using platinum oxide to yield the ethylanthrahydro-
quinone gave the following results: 0.0523 g. should consume
10.01 ml. hydrogen (S.T.P.). Found: 11.8 ml. A control with
0.1691 g. ethylanthraquinone calcd. 16.03 ml. Found:
18.2. Evidently the hydrogenation easily goes further—
possibly to anthranol. The hydrogenation product from
vinylanthraquinone is oxidized by airll to 2-ethylanthra-
quinone, with disappearance of fluorescence. The product
was shown to be identical with an authentic sample of 2-
ethylanthraquinone: m.p. 104.4-107.3°; authentic sample,
107.4-108.3°; mixed m.p. 106.4-108.3°. Infrared spectra
were superimposable.

Ozonization of 2-vinylanthraquinone under the conditions
used by Hawkins4* yielded as the final product anthra-
quinone-2-carboxylic acid, m.p. 288-290°; authentic sample
290-291°; mixture 290-291°. Infrared spectra were super-
imposable.

N.M.R. examination. An examination of the nuclear mag-
netic resonance spectra of vinyl- and ethylanthraquinone
produced the expected results. Measurements were made
with Varian V-4300 high-resolution N.M.R. spectrometer
operating at a frequency of 60 Me./sec. and a field strength
of approximately 14,000 gauss. The anthraquinones were

(9) C. Walling and K. B. Wolfstirn, 3. Am. Chem. Soc.,
69, 852 (1947); W. S. Emerson, Chem. Rev., 45, 347 (1949);
B. R. Brown, Quart. Rev., 5, 131 (1951).

(10) K. W. Rosenmund and W. Kuhnhenn, Ber., 56,
1262 (1923); M. Yasuda, J. Biol. Chem., 94, 401 (1932).

(11) W. Manchot, H. Gall, Ber., 58, 486 (1925).
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dissolved in deuteroehloroform using tetramethylsilane as

an internal reference for a scale of shielding values.22Vinyl-

anthraquinone showed the twelve strong dnes of the ABC

(approximately ABX) system,13 «—CHx=CHAHB which

comprise three symmetrically split quartets centered at

values of r 12 (X) 3.16, (A) 4.00, and (B) 4.50 with splittings:

(X) 10.2and 17.4 cps., (A) 1.2 and 17.4 cps., and (B) 1.2 and
10.2 cps. Coupling between geminal protons A and B within
trigonally hybridized methylene is expected to be small as

in styrene and p-methylstyrene.4

Ethylanthraquinone showed the typical spectrum for an
ethyl group with the methjdene quadruples centered at 7.28
r and the methyl triplet centered at 8.70 r. Both compounds
showed a pair of complex peaks for the aromatic hydrogens
which centered at 1.77 and 2.25r.

Attempted polymerization of vinylanlhraguinone. The fol-
owing experiments were carried out in a flask with adapter
carrying a two-way stopcock so that when monomer, solvent,
and catalyst had been introduced the flask could be re-
peatedly evacuated and filled with nitrogen.

a. With azobisisobutijronitrile. 2-Vinylanthraquinonc (re-
ferred to as monomer) 0.1019 g., 0.001 g. azodiisobutyroni-
trile, anti 10 ml. reagent toluene were heated under nitrogen
at 80° for 18 hr. There was neither turbidity nor apparent
viscosity change. A further portion of 0.0034 g. catalyst
(total 4.32% based on monomer) was added and after 23
hr. the mixture was seen to be turbid. Methanol precipitated
0.0073 g. solid, softening point 190-210°. The infrared
spectrum showed the main peaks of anthraquinone but
lacked the vinyl absorption at 6.12 ,. Residue from the
mother liquors also lacked this peak.

b. with benzoyl peroxide. Benzoyl peroxide, 0.004 g.,
monomer 0.1037 g. in 10 ml. toluene, heated under nitrogen
at 80° produced a turbidity after 4 hr., and a precipitate
at 24 hr. The solid, removed and washed, weighed 0.0171
g. and softened at 320-330°. To the mother liquors 0.003 g.
of catalyst was added and after 32 hr. 0.0164 g. of solid had
precipitated. Its characteristics were the same as those of
the first product. Again 0.003 g. catalyst was added to the
filtrate and after 23 hr. at 80° under nitrogen, a turbid
solution was present. Methanol in excess precipitated 0.013
g. solid, with a softening point of 210-220°. Infrared spectra
indicated the same anthraquinone structure as the previous
fractions. Total product 0.0465 g. (44.8%).

C. With titanium tetrachloride. TO a solution of 0.1029 g.
monomer in 10 ml. ethylene dichloride at —30° was added
0.05 to 0.07 ml. 99.5% titanium tetrachloride. An orange
precipitate formed at once. After 2 hr. at low temperature
the mixture was brought to room temperature and 95%
ethanol added. The orange colored material gave way to a
clear yellowish solution. Removal of solvents and working up
the products yielded 0.0893 g. (86.78%) of monomer, identi-
fied by m.p. and IR.

d. with sodium. To a blue solution of 0.0106 g. sodium
in ca. 20 ml. ammonia at its boiling point, 0.1024 g. monomer
in 10 ml. toluene was added. The blue cclor remained un-
changed. After several hours a reddish precipitate had
formed on the wall of the flask. Finally, 0.5 g. ammonium
chloride was added, the blue color being discharged at once.
The ammonia was allowed to evaporate and the product
worked up to yield 0.089 g. (86.9%) of monomer, identified
by m.p. and infrared.

€. Copolymerization with styrene was attempted using 0.1
g. monomer, 0.5 g. freshly distilled styrene, (molar ratio
1:11), 0.006 g. benzoyl peroxide, in 10 ml. toluene. After
24 hr. at 80° under nitrogen there was no apparent increase

(12) G. V. D. Tiers, J. Phys. Chem., 62, 1151 (1958).

(13) Il. J. Bernstein, J. H. Pople, and W. G. Schneider,
Canadian J. Chem., 35, 65 (1957).

(14) H. J. Bernstein, J. H. Pople, and \V. G. Schneider,
High-resolution Nuclear Magnetic Resonance, McGraw-Hill
Book Co., Inc., New York, 1959, p. 238.
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in viscosity. Methanol in excess precipitated 0.051 g.
yellow-white powder, softening at 138-148°, and exhibiting
in the infrared peaks characteristic of anthraquinone, and
the aromatic absorption of benzene at 6.69 and 6.89 p.

f. Copolymerization with a-methylstyrene was attempted
using 0.1 g. monomer, 0.5 g. a-methylstyrene (molar ratio
1:11) and 0.006 g. benzoyl peroxide in 10 ml. toluene. After
19 hr. at 80° under nitrogen, the mixture was cooled and
excess methanol added to precipitate 0.0101 g. (1.8% of
both monomers) of a solid softening at 165-195°, showing
bands in the infrared at 3.47, 6.69, 6.82, 6.93 p and a small
band at 5.80 p.

g. Copolymerization with maleic anhydride was attempted
using 0.234 g. monomer, 0.099 g. maleic anhydride (molar
ratio 1:11) and 1% benzoyl peroxide in 20 ml. toluene. After
23 hr. at 80° under nitrogen a precipitate was present.
Methanol in excess was added, to precipitate 0.046 g. solid
(13.8% on both monomers). Using a similar mixture but
heating at 100° for 17 hr. produced 0.043 g. (12.9%) of
similar product. Using a preparation containing a monomer-
maleic anhydride ratio of 1:10, and 2% benzoyl peroxide
based on monomer, for 41 hr. at 80°, under nitrogen, 0.0383
g. (11.5% if monomers react 1:1) of product was obtained,
softening point 245-257°. The infrared of these products
exhibits the characteristic carbonyl groups of both mono-
mers: 5.94 p for anthraquinone, 5.40 and 5.60 p for the
anhydride.

RESULTS

2-Vinylanthraquinone has been prepared start-
ing with 2-methylanthraquinone. It appears to
be homopolymerized in poor yield by radical tech-
niques, and may be copolymerized, also in poor
yield, with styrene, «-methylstyrene, and maleic
anhydride. The polymerization of styrene seems to
be inhibited by the anthraquinone derivative. That
the reaction with maleic anhydride is not of the
Diels-Alder type may be assumed from the ob-
servation that no reaction occurs in the absence of
catalyst and that the Diels-Alder reaction is un-
affected by initiators or inhibitors.55

That no polymerization occurred with the cat-
ionic initiator (which functions best when electrons
can be released at the double bond) is consistent
with the electron-withdrawing effect of the car-
bonyl group, which is expected readily to remove
electrons from the vinyl group. Further, anthra-
quinone can combine with one or two molecules of
aluminum trichloride. The latter complex is insolu-
ble in ethylene dichloride, and is orange in color.6
The behavior of monomer with titanium tetrachlo-
ride presents an analogy. The Lewis acid, attached
to the oxygen(s) of the vinylanthraquinone would
be expected further to deactivate the vinyl group
toward a cationic initiator.
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A modified method for following the course of the Mannich reaction is described which makes it possible to analyze for
formaldehyde in the presence of aldehydes or ketones. Kinetic data on the reaction between cyclohexanone, dimethylamine,
and formaldehyde are presented, and mechanisms consistent with the data are proposed. Different mechanisms are indi-
cated for acidic and basic media. Complex combinations of mechanisms appear to take place at intermediate pH values.

The base-catalyzed reaction appears to involve the reaction of a carbanion (derived from the active hydrogen compound)
with the aminomethylol by an S«j2 mechanism. The rate increases at higher pH values.

The reaction in acid media appears to involve the reaction of a carbonium ion (derived from the aminomethylol) with the
active hydrogen compound. The rate is slower than for the reaction in basic media and is independent of pH at low pH

values.

The Mannich reactionBinvolves the combina-
tion of an aldehyde, usually formaldehyde, with
ammonia or a primary or secondary amine, and
with a compound containing an activated hydrogen.
The reaction may be illustrated by the following
equation:

RNH + HCHO + R'H — > RN—CH.—R' + H2D

The active hydrogen compound, II'H, is most
frequently a ketone, an acid, or an ester, although
recently work has been done with nitroalkanes.3-7

The mechanism of this reaction has been the
subject of considerable discussion. Bodendorf and
Koralewski8 concluded from their experiments
that neither the condensation of the formaldehyde
with the amine nor with the active hydrogen com-
pound to yield the corresponding methylols showed
the true course of the reaction. Lieberman and
Wagner9 presented an attractive mechanism in-
volving the formation of a carbonium ion, RINCH2+
from the amine and formaldehyde and also the
formation of a carbanion, R":~, by the removal of a
proton from the active hydrogen compound. The
final, essentially irreversible step was the combina-
tion of the carbonium ion and carbanion to yield
the Mannich base.

Alexander and UnderhillD carried out a Kinetic
study on the Mannich reaction involving dimethyl-
amine, formaldehyde, and etliylmalonic acid in
acid solution. Their experiments showed third-

(1) Present address: Bradley University, Peoria, Illinois.

(2) F. F. Blieke, org. Reactions, Wiley, New York, 1942,
1,303.

(3) M. Senkus,J. Am. Cchem. Soc., 68, 10 (1940).

(4) H. G.Johnson,J.Am. Chem. Soc., 68, 12, 14 (1946).

(5) J. K. N. Jones and T. Vruanski, ./. chem. Soc., 1760
(1949).

(6) G. B. Butler,3.Am. chem. Soc., 78, 452 (1956).

(7) R. A. Smiley, 3. org. chem., 23, 1115 (1958).

(8) K. Bodendorf and G. Koralewski, Arch. Pharm., 271,
101(1933).

(9) S. V. Lieberman and E. C. Wagner, J. Org. Chem.,
14,1001(1949).

(10) E. R. Alexander and E. J. Underhill, 3. Am. Chem.
Soc., 71,4014(1949).

order kinetics with no primary salt effect. This
contradicts the mechanism of Lieberman and
Wagner, which postulated the final and rate-con-
trolling step as the reaction between the two ions
which should show a primary salt effect. The mech-
anism presented in their paper was only postulated
for acidic media. The most significant objection to
their conclusion is that they ignore the fact that
the amine is largely present in the salt form and
this alters the prediction of specific hydronium ion
dependence, as will be shown later.

RESULTS AND DISCUSSION

In view of the conflicting evidence in the prior
literature, it was decided that an investigation
should be made into the mechanism of the (Mannich
reaction, particularly in basic medium. A Kinetic
study was carried out after the development of an
improved method for following the variation in
the concentration of formaldehyde in the presence
of compounds such as aldehydes and ketones which
interfere with the usual analytical procedures.
Using equivalent quantities of dimethylamine and
formaldehyde and the active hydrogen com-
pound, cyclohexanone, the progress of the reaction
was followed by the variation in the concentration
of the formaldehyde that was not combined to form
the Mannich base. The procedure involved analysis
for the formaldehj-de which might be combined in
the form of methylols of the amine or the active
hydrogen compound, as well as the unreactcd
formaldehyde.

No primary salt effect could be demonstrated.
As seen in Table I, there is no appreciable change in
the rate constant when the ionic strength was varied
from zero to C.09. Above this concentration there
is a slight increase with increasing ionic strength.
This is to be expected when the solvation of potas-
sium chloride is taken into account. This is in
agreement with the findings of Alexander and
UnderhillDand would eliminate the mechanism of
Lieberman and Wagner as such; but if their
mechanism were modified to take into account the
probable effect of changing the pH of the solution,
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TABLE |

E ffect of Variation of lonic Strength Upon the

Third-Order Rate Constant

K, 11~2 lonic
Run pH ™M HCHO T. ¢ KC1 min. 1 Strcangth

4 10.6 0.096 26 0.0000 O.329 0. 00
82 10.6 0.093 25 0.1865 0.329 0.01
85 10.6 0.093 25 0.1867 0.278 0.01
83 10.6 0.093 25 0.7452 0.329 0.04
86 10.6 0.093 25 0.7458 0.316 0.04
84 106 0.093 25 1.6781 0.329 0.09
87 106 0.093 25 1.6762 0.316 0.09
79 106 0.096 25 2.9851 0.500 0.16
80 106 0.096 25 4.6595 0.500 0.25
81 106 0.096 25 9.1349 0.615 0.49

a reasonable mechanism
postulated.

Increasing the concentration of the hydronium
ion would certainly reduce the concentration of the
carbanion formed by the removal of a proton from
the active hydrogen compound. If this concentra-
tion were reduced to negligible proportions, the
course of the reaction would have to be through
some other intermediate. On the other hand, as the
pH of the solution was increased, the concentration
of the carbanion would be increased and the con-
centration of the carbonium ion (formed by the re-

fitting the data can he

TABLE 11

E ffect of Variation in pH and Temperature upon the
T hird-Order Rate Constant

k, M ~2
Run pH M HCHO ™'° min. 1
103 10.6 0.1046 6.5 0.0223
100 1.15 0.1046 25 0.0005
94 3.23 0.1046 25 0.0005
96 5.05 0.1046 25 0.0005
97 5.92 0.1046 25 0.0005
98 6.90 0.1046 25 0.0027
102 8.21 0.1046 25 complex
90 9.75 0.1046 25 0.240
91 10.06 0.1046 25 0.260
89 10.23 0.1046 25 0.290
93 11.00 0.1046 25 0.290
108 1.02 0.1046 50 0.0033
110 2.13 0.1046 50 0.0033
112 3.20 0.1046 50 0.0033
114 4.19 0.1046 50 0.0030
116 5.02 0.1046 50 0.0050
117 6.07 0.1046 50 complex
118 7.05 0.1046 50 complex
122 8.00 0.1046 50 complex
124 8.90 0.1046 50 0.735
104 10.60 0.1046 50 3.19
109 1.10 0.1046 70 0.0050
111 2.09 0.1046 70 0.0050
113 3.18 0.1046 70 0.0180
94 3.23 0.1046 70 0.0193
95 4.15 0.1046 70 complex
96 5.05 0.1046 70 complex
97 5.92 0.1046 70 complex
119 8.00 0.1046 70 complex
120 8.55 0.1046 70 8.03
107 10.60 0.1046 70 17.95
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Fig. 1. Third-order plot of the utilization of
formaldehyde in the Mannich Reaction

jp vs. t at various pH levels

C r.iole/1.
t min.

moval of the hydroxyl group from the amino-
methylol) would be reduced. If the carbonium ion
concentration were reduced to a negligible value,
the reaction would have to proceed through some
other intermediate.

Runs were made at various pH values from 1 to
11 and at temperatures from 6.5° to 70°. If the
reaction were to follow third-order kinetics, a plot
of 1/C2vs. time should give a straight line, where
C is the concentration of each of the three reactants
remaining at any time t. Fig. 1is a plot of the re-
ciprocal of the square of the concentration (the re-
actants were added in equivalent quantities to
the solution) vs. time in minutes for various pH
values at 50°. Similar curves for data obtained at
25° and 70° can be plotted. From these plots the
overall rate constants for the reaction were de-
termined, when the data gave straight lines.
If the plot were not a straight line, the rate con-
stant was recorded as complex. In this manner
the rate constants in Tables | and Il were de-
termined. Other duplicating runs were made which
are not included, but check these data.

In Fig. 1it can be seen that the plots for pH
values in the range 1to 5 are reasonably straight
lines and that the rate constant is approximately



MARCH 1960

the same in each case. The plot for pH 6 no longer
is a straight line and the rate is much faster. Each
succeeding increase in pH increases the rate. With
the pH approximately 9, the plot once more be-
comes a straight line. The rate increases with in-
creasing pH until pH 10.6 is reached. Apparently
there is a change of mechanism as the pH changes
from acid to base.

From Table Il it can be seen that the rate con-
stant is quite temperature dependent. The rate
constant at pH values from 1to 6 at 25° was in-
distinguishable from one pH value to the next.
Above this the rate increases, becomes complex—
in that the plot of 1/C2vs. time is no longer a
straight line—and then follows third-order kinetics
with gradually increasing rate constants at higher
pH values approaching a constant value above a
pH of 10. At 50° the reaction becomes complex
at a lower pH than at 25° and at even a lower pH
at 70°.

A mechanism which is consistent with the data
for the basic medium follows:

(CH3NH -f HCHO (CHYNCHDH (1)

| Il v
t 0
1
I\ \
ch2 ch2 K CH2 HC:—
[ 1 + OH- 1 1 + HD (2
ch2 ch. ch2 ch2
/ \
ch?2 ch?2
11 \Y
0
|
C H H
\
CH2 HC:— CoH
| | +
ch2 ch?2 \
\ / ch3 ch3
ch?2
\Y/ v

[\ \ *
CH2 HC«-___ C«+ . ..

| | |
ch2 ch?2 n

:OH (3)

ch? ch3 ch3

Vi

0

A

CH2 CHCHN(CHs)2

Ah, Anh.

ch2
VIl
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Dimethylamine (1) combines with formaldehyde (I1) to
set up an equilibrium with the dimethylaminomethylol (1V).
Cyclohexanone (l11) reacts with hydroxide ion to set up an
equilibrium with the carbanion (V) and water. Intermediates
(IV) and (V) react by an Sn2 mechanism to form an equi-
librium concentration of the activated complex, or transition
state (VI1), which decomposes by a relatively irreversible
rate-controlling step to yield the Mannich base (VII).

Therate equation is:

Rate = ~ =k(VI) 4
=kICs(1V) (V) (5)
kKKK, (1) (11) (111)(OH-) (6)

=k [(CH3NH][HCHO][C,Hi,,0] [OH"] (7)

which predicts that at any given pH at which this
mechanism predominates, the reaction should
exhibit third-crder kinetics and that with increasing
pH the rate should increase. This is borne out by the
increase in the rate, Fig. 1, with increasing pH,
and above pH 9 third-order kinetics are observed
at 50°.

The deviation from third-order Kinetics for the
reaction in the region between pH 5 and pH 9,
while third-order kinetics are followed above and
below these values, suggests that the mechanisms
are different in acidic and basic media and that both
mechanisms are involved in varying degrees at the
intermediate pH values.

A mechanism for acid solution follows which
fits our data and that of Alexander and Underhill.
It is a modification of the mechanism which they
considered and rejected on the basis that it pre-
dicted specific hydronium ion catalysis. The pro-
posed mechanism differs in that the amine is
recognized as being present in equilibrium with the
salt form in acid media.

Ks
(CH3,nh2++ a- (CH3 h + ha (8)
VIl |

K,

(Chdh + hcho (Chdthchdoh 9)
| I AV

(CH3>NCHDH + HA

v
(CH3NCH2+ + HaO + A- (10)
IX
OH
|
C
[\
CH2 HC
| | (11)
ch2 ch2
X
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CH2 CHCH.N(CH32
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ch2 ch,
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ch?2
IX
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CH2 CHCHN(CH32
| | + A
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From the above equations, with equation (12)
essentially irreversible and rate-determining:

Rate = A = k& K&iK6 [(CHINH2+] [HCHO] X
[CH,.0] (14)
k [(CH)NH +] [HCHO] [CHID]  (15)

An Se2 mechanisn at the a-carbon atom of cyclo-
hexanone analogous to the Sx2 mechanism shown
for the reaction in basic medium can be formulated
as an alternative to equations (11), (12) and (13).

The rate equation for this modification is identical
with equation (15). Thus, either route predicts that
in acid medium the rate is independent of the acid
concentration which is what was observed at suf-
ficiently low pH values. In the case of Alexander
and Underhill where an acid was employed as the
active hydrogen compound, if the reactive form
is the acid, as shown in their equations, then
another term would have to be introduced into the
rate equation to account for the equilibrium
between the acid form and the ionic form—at
pH 4 the compound exists about 90% as the mono-
anion—and this would make the rate equation
once again dependent upon the concentration of
the hydronium ion.

Lieberman and Wagner9reported that in general
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Fig. 2. Plot of the Arrhenius Equation

log K vs. »

at pH = 10.6 and
pH = 3.2
k _ _ liter2__
mol. ®min.
T = °K

the methylenebisamines could be substituted for
the amine plus formaldehyde in the Mannich
reaction. In their mechanism, as mentioned earlier,
the carbonium ion, RANCH2+, was used. They
postulated that it was formed either by the removal
of the hydroxyl group from the aminomethylol,
or through the formation of the methylenebisamine
and the subsequent decomposition to the carbon-
ium ion. As both routes involve equilibrium reac-
tions, it is not possible to distinguish between them
for both yield third-order kinetics. The formation
of the methylol is used in our mechanism because
it isthe shorter, simpler route.

A plot of log K vs. 1/T, at two pH values, was
prepared, Fig. 2, based on the Arrhenius equation:1l

dlraA _ aE*
Hit- - RT2

log k = 2.303RT + °

(11) C. F. Prutton and S. H. Maron, Fundamental Prin-
ciples of Physical Chemistry, Revised Edition, Macmillan,
New York, 1951,634-635.
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where Kk is the rate constant, AE* is the energy of
activation, T is the absolute temperature and C is
the constant of integration. From the slope of the
plot of log k vs 1/T, AE*, a composite energy of
activation, can be determined from the following
equation:

—AE* ae*
slope - 2303R - 458

As can be seen in Fig. 2, the points fall quite close
to a straight line. The best straight line was de-
termined by a modification of the method of least
squares.

Although the plot gives an energy of activation
which is a composite value for the several equilibria
involved as well as the rate-determining step, and is
therefore of little value in itself, the observation
that the points do fall closely on a straight line is
significant. Theory demands that such a composite
energy of activation should produce a straight-
line plot and the observation that they do is an
indication that the data are valid.

EXPERIMENTAL

Equimolar quantities of dimethylamine and formaldehyde
were used in all of the experiments. The quantity of the
active hydrogen compound used was determined by the
number of «-carbons which had hydrogens attached. In the
case of cyclohexanone, with two equally reactive «-carbons,
0.5 mole of the ketone was used to each mole of formaldehyde.

Reaction of cyclohexanone, formaldehyde, and dimethyl-
amine. All solutions were approximately 0.1,1/ in dimethyl-
amine and formaldehyde. A weighed sample of cyclohexa-
none was transferred to a 250 ml. volumetric flask followed
by addition of buffer and amine with dilution to approxi-
mately 180 ml., and finally the formaldehyde was added.
The solution was then made up to 250 ml., shaken and
placed in the constant-temperature bath. In the case of the
low temperature run, 6.5°, the solutions were cooled to
reaction temperature before the final addition of the formal-
dehyde and dilution to 250 ml. The same procedure was
used in the runs at 50° and 70° for basic solutions. The rate
of reaction in acid solution was so slow that the error intro-
duced by mixing first and then placing in the baths was
negligible.

The cyclohexanone was weighed on an analytical balance
(to £0.0001 g.) in a beaker and rinsed into the volumetric
flask. The approximately 1.2y dimethylamine, 0.53/
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formaldehyde and the buffer solutions were pipetted in.
The buffer soluticns used were made from hydrochloric acid,
potassium chloride, potassium dihydrogen orthophosphate,
boric acid, and sodium hydroxide as recommended by
Diehl and Smith22with the modification that an equivalent
quantity of hydrochloric acid was added to each solution
below pH 9 to ecual the dimethylamine added, in addition
to the buffer recommended. The pH of the solution was
taken with a pH meter, at room temperature, both at the
start of the run and toward the end. There was little or no
variation in pH curing the runs.

Determination of Formaldehyde. Duplicate samples were
taken from the volumetric flask at given time intervals.
These samples were pipetted immediately into 50 ml.
Nessler’s Reagent as prepared by Alexander and Underhill.0
These solutions were shaken intermittently for a minimum
of 5 min., following which a solution containing 35 ml. 2N
acetic acid and 50 ml. acetone was added. This solution
was shaken for a minimum of 15 min.—a greater length of
time made the filtration easier—then filtered. The mercury
precipitate was rinsed with water to eliminate acetone from
the filter paper. When the run had gone to or beyond 70%
conversion, it was necessary to rinse with acetone first to
remove any Mannich base in the precipitate and then
with water. The precipitate and filter paper were returned
to the flask into which the 5 ml. samples had originally been
pipetted, 25 ml. 0.1A iodine solution was pipetted in, fol-
lowed by approximately 25 ml. water. The mixture was
shaken intermittently for 30 to 60 min., and the excess
iodine was titrated with 0.IN sodium thiosulfate. This
procedure permitted analysis for the formaldehyde that
was combined with the ketomethylol or the aminomethylol
as well as that which was present as free formaldehyde.D
The modification of the procedure of Alexander and Under-
hill was made necessary by the interference of cyclohexanone
and other carbonyl compounds with the determination.
The essential feature of the modification is the filtration
which separates the mercury from the carbonj'l compounds
prior to the reaction with iodine. This procedure has been
tested with other ketones and some aldehydes, and appears
to be a satisfactory method of analysis for formaldehyde,
although in the case of aldehydes the presence of other
aldehyde groups must be taken into account in the calcu-
lations.

Runs were made at various ionic strengths, at various pH
values, and various temperatures in order to determine the
effects of these variants on the rate of the reaction. Typical
results are recorded in Tables | and Il. Many additional
check runs were made which confirm the results as reported
here.

Peoria, I1linois

(12) H. Diehl and C. F. Smith, Quantitative Analysis,
Wiley, New York, 1952,455.
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The Decomposition of Bis(o-iodophenylacetyl) Peroxide
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Unlike bis(o-iodobenzoyl) peroxide, bis(?-iodophenylacetyl) peroxide decomposes without any apparent participation by
the iodo substituents. Its decomposition produces radicals capable of initiating vinyl polymerization. The decomposition can
also take a polar, acid-catalyzed path; the acid catalysis constants are extremely sensitive to changes in solvent. The rates
and products of the decomposition reactions resemble those for the decomposition of bisphenylacetyl peroxide. The behavior

of various other iodo-substituted compounds is reported briefly.

The iodo substituents in bis(o-iodobenzoyl)
peroxideland in ¢-butyl o-iodoperbenzoate2 mark-
edly accelerate the decomposition of those com-
pounds, apparently by a free radical analog of the
neighboring group effect.

Bis(phenylacetyl) peroxide is also exceptionally
unstable, apparently because of its ability to form
a molecule of carbon dioxide and a resonance-
stabilized benzyl radical in a concerted process,3
and is sensitive to acid catalysts.

O 0]

CH5—-CH2— O—O0— CH2-CHs— >

o

C#H5—CH,- + C02+ -O— CHX&H®6

Bis(o-iodophenylacetyl) peroxide is also very
unstable. By analogy with the peroxides previously
studied several paths appear plausible for the rate
determining step;
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(1) J. E. Leffler, R. D. Faulkner, and C. C. Petropoulos,
J. Am. Chem. Soc., 80, 5435 (1958).

(2) J. C. Martin and W. G. Bentrude, chem, and Ind.,
192(1959).

Each of these processes involves a lowering of the
energy of activation due to resonance or to the
incipient formation of new bonds; in each case the
lowering of the activation energy would be to
some extent counteracted or even outweighed
entirely by the corresponding resonance entropy.4
As far as can be seen from an examination of
molecular models, processes involving an even
larger number of simultaneous changes in the
bonding of the iodo and carboxy groups might
also be possible. However, the prediction of the
activation entropy for such multiply concerted
processes is complicated by the fact that the en-
tropy associated with the rotation about any given
bond axis depends on the radius of gyration; it
therefore depends on the configuration of the rest
of the molecule and hence on the extent to which
rotation about any of the other bonds is restricted
by the process of activation. We therefore can not
predict which of the several processes would have
the lowest activation free energy and the greatest
rate even though it is clear that the most highly
concerted process would have the lowest activation
energy.

The kinetics and products of the reaction. Table
I shows the principal products of the reaction in
various solvents in the absence of added acids.
These are consistent with Equation 2 for a con-
certed formation of carbon dioxide, an iodobenzyl
radical, and an iodophenylacetoxy radical. The de-
composition of the peroxide initiates the polymeri-
zation of vinyl monomers. No cyclic trivalent
iodine compound analogous to that formed in the
decomposition of bis(o-iodobenzoyl) peroxide was
observed. The first order rate constants (Table 11)
are close enough to those for the decomposition of
the unsubstituted bis(phenylacetyl) peroxide to
make participation by the iodo substituent in the
rate-determining step highly unlikely.

The decomposition of the peroxide in the presence
of acids is somewhat less accelerated than in the
case of bis(phenylacetyl) peroxide. The products
of decomposition in the presence of a strong acid

(3) P. D. Bartlett and J. E. Leffler, 3. Am. chem. Soc.,
72,3030(1950).

(4) "Resonance entropy” is a convenient term for the

entropy loss associated with the special, relatively static
configurations required for resonance or for orbital overlap.
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TABLE |
Mole %, Recovenr
Solvent and Product % Benzyl % Carbonyl
Conditions Product Peroxide Groups Groups
Acetone, 0° air present” 2,2'-Diiododibenzy\ 21to 22p'26) 21 (26)
o-lodobenzyl alcohol6 6810 78;52)" 37(26)“
o-lodobenzyl o-iodophenylacetate6 0;(15)“ 0(15)*
o-lodophenylacetic acid 68;(46)" 34(23)
Total 826(90)“6
Toluene, 0°, N*atmosphere 2,2'-Diiododibenzyl 42 42
o-lodobenzyl alcohol6 17 to 20 9
o-lodobenzyl o-iodophenylacetate6 27 27 135
o-lodophenylacetie acid 2to 3 1 1
Carbon dioxide 139 to 143 — 70
Total 796 84
Chloroform, 0G N2atmosphere 2,2'-Diiododibenzvl 28 28
o-lodobenzyl alcohol6 41 20.5
o-lodobenzyl o-iodophenylacetate6 18 18
o-lodophenylacetic acid 9 4.5
Total 716
Thionyl chloride, 0°, air 2,2'-Diiododibenzyl 0 0
present o-lodobenzyl chloride 84 42
o-lodobenzyl alcohol 3.8 2
o-lodobenzyl o-iodophenylacetate 5.1 5
o-lodophenylacetic acid 3.4 2
Total 51
Toluene, 0.2.1/ trichloroacetic Carbon dioxide 93 - 47

acid, X2atmosphere

“Yields from a run in which air was carefully excluded. 6 Some of the o-iodobenzyl alcohol is formed during the isolation
of the ester, which partially hydrolyzes during chromatography on alumina. The acid moiety of the ester remains on the

aluminaand is not recovered.

appear to be largely carbon dioxide and o-iodobenzyl
o-iodophenylacetate rather than o-iodobenzyl esters
of the catalyzing acid. Some o-iodophenylacetic
acid and some iodobenzyl alcohol were isolated,
the latter probably because of partial hydrolysis
of the ester on the alumina column. In dichloro-
acetic acid as a solvent and catalyst the o-iodo-
benzyl o-iodophenylacetate formed is readily iso-
lated in pure form; in benzene or toluene in the
presence of trichloroacetic acid the quantitative
isolation of the pure ester is much more difficult.
However, the oils accompanying the ester in the
experiment in toluene appear to be largely o-
iodobenzyl o-iodophenylacetate both on the basis
of their hydrolysis products and on the basis of
their infrared spectrum. The vyield of carbon
dioxide in the acid-catalyzed reaction in toluene
is close to one mole per mole of peroxide. The
amount of polystyrene produced by the decompo-
sition of the peroxide in styrene in the presence of
0.05 molar trichloroacetic acid is only about one
quarter of that produced in styrene without added
acid, indicating that the acid-catalyzed decompo-
sition probably goes by way of a non-radical
mechanism.

Table 11 gives the first order rate constants for
the decomposition of the peroxide in various media
at 0°. The reaction is first order within a given run.
However, increases in the initial peroxide concen-
tration, at least in chloroform, slightly increase
the rate constant. As in the case of bis(phenyl-

Time, seconds
Fig. 1

acetyl) peroxide, there is some induced decompo-
sition. Fig. 1shows a first order plot of the data for
a typical run in chloroform.

The decomposition of bis(o-iodophenylacetyl)
peroxide is also subject to acid catalysis. In toluene
at 0° the catalysis constants for trichloroacetic
acid are such that the acid-catalyzed part of the
decomposition should amount to about 40% in the
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TABLE 11
Initial
Peroxide k
Concentration, (sec-1 at 0°)
Medium 4/ X 10s
Chloroform 0.0204 3.98
.035 4.19
.105 4.14
152 4.67
212 4.49
Chloroform with
0.2324/ benzoic acid 0.21 4,19
0.216m trichloroacetic
acid .16 7.8
Toluene 0.1 1.30
Toluene with
0.0894/ trichloroacetic
acid 0.1 8.66
0.1654/ trichloroacetic
acid 15.2
0.1854/ trichloroacetic
acid 19.1
Acetone 0.1 2.60
Acetone with
0.2964/ trichloroacetic
acid 0.098 2.60

presence of 0.01M trichloracetic acid. The data
available for bis(phenylacetyl) peroxide in the
same solvent (but at 18°) correspond to 80% de-
composition by the acid-catalyzed process in the
presence of O.Qlilf trichloroacetic acid.3

The acid-catalysis of the decomposition of bis-
(o-iodophenylacetyl) peroxide is strikingly depend-
ent on the solvent. Thus in chloroform the rate is
increased by less than a factor of two by 0.216M
trichloroacetic acid while in acetone not even
0.296M trichloroacetic acid has a detectable effect.
The proportions of acid-catalyzed decomposition
in the presence of O.Olilf trichloroacetic acid in the
three solvents would be: toluene, 40%; chloroform
3%; acetone, zero or <0.2%. The reaction in
toluene in the absence of added acid shows no
auto-catalysis in spite of the greater efficiency of
the acid-catalyzed reaction in that solvent; how-
ever, the amount of acid produced in toluene is
exceptionally low (Table 1). The suppression of
polymerization by trichloroacetic acid in styrene is
consistent with a fast acid-catalyzed decomposi-
tion of the peroxide in that solvent. The lack of
such an effect by trichloroacetic acid in acrylo-
nitrile suggests that acid catalysis is very slight
in acrylonitrile, just as it is in acetone.

The effect of iodo substituents in other reactions.
In connection with our experiments on bis(o-
iodophenylacetyl) peroxide we had occasion to
examine briefly the reactions of various other iodo
compounds.

Gentle heating of 4-/-butyl-2,6-diiodophenol
with benzoyl peroxide in benzene produces a tran-
sient blue color, probably because of the aryloxy
free radical.5The blue color fades and is replaced
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by red, but no quinonoid product is readily isolable
from the reaction mixture.

Diazomethyl o-iodophenyl ketone is readily
converted into o-iodophenylacetic acid or its ethyl
ester by means of the Wolff reaction with no
observable diversion to products attributable to
participation by the iodo substituent.

The rearrangement of o-iodobenzoyl azide and
the Hofmann reaction of o-iodobenzoyl amide also
proceed in the normal way.

Attempted preparation of ;-butyl o-iodophenyl-
peroxycarbamate from the isocyanate6gave a yellow
oil which always decomposed violently during
chromatography just as the bands began to sepa-
rate and while they were still near the top of the
alumina column. The reaction of the isocyanate with
perbenzoic acid gave a complex mixture from which
was isolated 0,0'-diiodoazobenzene.

EXPERIMENTAL

Diazomethyl o-iodophenyl ketone. The procedure of New-
man and Beal7 for the preparation of diazoketones was
used. The diazomethyl o-iodophenyl ketone crystallized
during removal of the ether; it was often accompanied by a
viscous oil, m.p. 60-61° after two recrystallizations from
carbon tetrachloride. Additional product could be obtained
by chromatography of the mother liquor, yield 60%.

o-lodophenylacetic acid and methyl ester. To 32.2 g. of the
diazo ketone in about 250-300 cc. of absolute methanol at
room temperature was added with stirring a solution of 3 g.
of silver benzoate in 31 g. of triethvl amine over a period of
1to 2 hr. After filtration and removal of the methanol, the
liquid residue was dissolved in ether, washed with water,
dried over magnesium sulfate, and distilled. Yield of methyl
ester, 29.0 g., b.p. 114° at 1.5 mm. The ester was hydrolyzed
by warming with on alkali containing a little alcohol and the
acid purified by precipitation from sodium bicarbonate solu-
tion after extraction from ether. The acid melted at 117°
after recrystallization from aqueous methanol.8 Equivalent
weight: Calcd., 262.1; found 262.4.

o-lodophenylacetyl Chloride. The acid was heated for 1
hr. at 40° or below with a 25% excess of pure thionyl chlo-
ride. After removal of the thionyl chloride at the water pump
the acid chloride was distilled, b.p. 145° at 15 mm. The
thionyl chloride was first distilled from about 1/5 its volume
of quinoline, then from about 2/5 of its volume of linseed oil.

Bis{o-iodophenylacetyl) Peroxide.o The acid chloride, 1.12
g., 30% hydrogen peroxide, 0.92 g., and a solution of 0.8 g.
sodium hydroxide in 2 cc. of water were cooled in an ice
bath. First the cold hydrogen peroxide and then the cold
sodium hydroxide solution were added to the cold acid
chloride. The mixture was then stirred in an ice bath until
no trace of the liquid acid chloride remained and the wffiite,
crystalline peroxide had precipitated. The product was

(5) cf. C. C. Cook and B. E. Norcross, J. Am. Cheni.
Soc., 78, 3797 (1956); 1. E. Mueller, K. Ley, and W. Kei-
daisch, Ber., 88, 1819 (1955); G. M. Coppinger, J. Am. Chem.
Soc., 79,501 (1957).

(6) For the general behavior of peroxycarbamates see
E. L. O’Brien, F. M. Beringer, and R. B. Mesrobian, ./.
Am. Chem. Soc., 79, 6238 (1957).

(7) M. S. Newman and P. Beal, IIl, 3. Am. Chem. Soc.,
71,1506(1949).

(8) W. S. Rapson and R. G. Shuttleworth, 3. chem. Soc.,
487(1941) report 114°.

(9) Preparation of the peroxide on a larger scale is not
recommended.
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shaken with chloroform precooled to below 0° for a few
seconds until the peroxide dissolved. The solution was then
transferred to a larger flask and cooled in Dry Ice-acetone
to freeze out the water. The ice and other solids were washed
with more cold chloroform and the combined chloroform
extract quickly washed with cold sodium bicarbonate in a
separatory funnel. The remaining traces of the aqueous layer
were again removed by cooling in a Dry Ice-acetone bath,
the solution filtered, and concentrated in vacuum below 0°
to a volume of 15-20 cc. Cold methanol was then added.
If the peroxide did not precipitate at this point removal of
solvent in vacuum was continued until precipitation oc-
curred. The solid peroxide (keptat or below 0°) was recrystal-
lized from chloroform by adding methanol, both solvents
beingato®.

The peroxide may be dried in vacuo at 0°, but it decom-
poses explosively at room temperature. The yield was about
40%. The filtered and dried material usually assayed about
80% regardless of the number of recrystallizations. This
may be due either to an unavoidable but reproducible
amount of decomposition during the crystallization or, less
probably, to a tendency for a certain proportion of the per-
oxide to decompose during the analysis. Peroxide determi-
nations were carried out by adding the solid peroxide (or a
I ml. aliquot from a kinetic run) to an excess of sodium
iodide in acetone, diluting with water, and titrating the
iodine to a starch end-point with sodium thiosulfate solution.

The decomposition of bis(o-iodophenylacetyl) peroxide. Un-
less otherwise specified in the tables, the peroxide was de-
composed in 20-25 cc. of degassed solvent. A stream of pre-
purified nitrogen was passed through the solvent to protect
the reaction mixture from contamination with air during
the addition of the peroxide or the removal of samples.
Temperature control was by means of a bath of crushed ice
and water. The peroxide was dried in vacuo at a low temper-
ature before addition to the reaction mixture. Aliquots for
analysis were removed by means of a precooled pipet.

Polymerization initiation by bis(o-iodophenylacetyl) per-
oxide. A solution of 0.255 g. of bis(o-iodophenylacetyl) per-
oxide in 13.3 g. of freshly distilled and degassed styrene con-
tained 1.5 g. of polystyrene after decomposition at 0°. A
solution of 0.217 g. of the peroxide in 13.0 g. of styrene and
0.12 g. of trichloroacetic acid yielded 0.36 g. of polymer under
the same conditions. The polystyrene was isolated by pre-
cipitation from ether on addition of methanol. A solution of
0.425 g. of the peroxide in 11.6 g. of acrylonitrile at 0° be-
came turbid in a few minutes and solid in about 1 hr. Similar
results were obtained in the presence of the peroxide plus
0.1 g. trichloroacetic acid in acrylonitrile.

Decomposition products from bis(o-iodophenylacetyl) per-
oxide. Carbon dioxide was swept from the solution of the de-
composing peroxide at 0° by a stream of nitrogen. Water
and solvent vapor were removed by means of a Dry Ice
trap and a magnesium perchlorate tube and the carbon di-
oxide trapped and weighed in a tube containing ascarite.
For the isolation and estimation of the nonvolatile products
the reaction mixtures after removal of the solvent were ex-
tracted with sodium bicarbonate; the o-iodophenylacetic
acid recovered was identified by its melting point. The neu-
tral residue was then further separated by elution chroma-
tography on alumina, in most cases giving three main frac-
tions: 0,0'-diiododibenzyl, o-iodobenzyl o-iodophenylaeetate,
and o-iodobenzyl alcohol.

0,0'-Diiododibenzyl. This substance was the first product
to be eluted from the alumina column, coming off with 20%
benzene-80% hexane. M.p. after recrystallization from
methanol, 101.5-102°.

Anal. Calcd. for C,I1122 C, 38.73; Il, 2.79; |, 58.48,
mol. wt. 434. Found: C, 38.98; Il, 2.81; I, 58.24; mol. wt.
514 (camphor).

The melting point was not depressed on mixing with a
sample synthesized by treating o-iodobenzyl bromide with
magnesium in benzene.
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o-lodobenzyl o-iodophenylacetale. This substance was the
second to be eluted from the alumina column and came off
with 40% benzene-60% hexane. After recrystallization from
hexane it melted at 85.5-86°.

Anal. Calcd. for C,eHi02A2: C, 37.68; H, 2.53; I, 53.09.
Found: C, 38.25; H, 2.65; I, 52.77.

Saponification gave the acid and alcohol, identified by
their melting points and mixed melting points. The ester was
partly hydrolyzed during chromatography on alumina:
0. 048 g. put on the column gave on elution 0.034 g. of the
recovered ester plus 0.0032 g. of the alcohol.

o-lodobenzyl alcohol. This substance was eluted from the
column with 13% ether-90% benzene. After recrystalli-
zation from hexane and from methanol-water it melted at
90.7-91.1°.

Anal. Calcd. for CH710: C, 35.9; H, 2.88; I, 54.1, mol.
wt. 234. Found: C, 35.88; H, 3.01; I, 54.04; mol. wt. 240
(camphor). The melting point was not depressed bjra sample
synthesized by hydrolyzing o-iodobenzyl bromide.

N,N'-Bis(2-ioddbenzoyl)hydrazine. This substance was
formed during the attempted preparation of 2-iodobenzoyl-
h.ydrazine from the acid chloride and hydrazine hydrate.
After recrystallization from ethanol, it melted at 267°.

Anal. Calcd. for C,Hio02AN2: C, 34.17; H, 2.05; N, 5.09;
1, 51.58. Found: C, 33.73; II, 1.70; N, 6.19; I, 50.50.

o-lodobenzoyl azide. The azide was prepared from o-iodo-
benzoyl chloride and sodium azide in aqueous acetone fol-
lowing the general procedure of Smith.10 The azide was an
oil which slowly evolved nitrogen and solidified at room
temperature and which on one occasion inflamed spon-
taneously.

N,N'-Bis(o-iodobenzoyl)urea. This substance was formed
from the wet o-iodobenzoyl azide on standing. After recrys-
tallization from acetone it melted at 232.5° dec.

Anal. Calcd. for CidliolN : C, 33.65; H, 2.17; N, 6.04;
I, 54.70. Found: C, 33.49; H, 2.22; N, 0.17; 1, 54.29.

Ethyl N-o-iodophenylcarbamate. This substance was formed
by treating the crude o-iodobenzoylazide reaction mixture
with a large excess of ethanol. Sodium chloride was removed
by filtration, most of the ethanol was distilled and the
urethane precipitated by adding water. After two crystalli-
zations from 50% aqueous ethanol, it melted at 50.5°.

Anal. Calcd. for CHioINO02 C, 37.14; H, 3.46; N, 4.81;
1, 43.6. Found: C, 37.43; H, 3.66; N, 4.71; |, 43.26.

t-Butyl N-c-iodophenylperoxycarbamate. The general
method of O’Brien, Beringer, and Mesrobian was used.6
Freshly prepared o-iodobenzoylazide (0.01 mole) was sepa-
rated from the aqueous acetone by addition of water and
decantation. It was then treated with 0.01 mole or less of
/-butyl hydroperoxide in benzene. Nitrogen was slowly
evolved during about 1 hr. and the solution turned yellow.
Concentration of the solution in vacuo gave a precipitate
of AAr'-bis(o-iodophenyl)urea and a yellow oil. Chroma-
tography of the oil on neutral alumina in petroleum ether
caused a violent reaction with ejection of the alumina just
as the bands were beginning to separate. Elution of the
alumina with petroleum ether after the decomposition gave
a red-brown tar. A variation of the experiment in which the
azide was permitted to rearrange to isocyanate before the
/-butyl hydroperoxide was added gave similar results, as
does the use of basic alumina. Chromatography on mag-
nesium sulfate did not separate the mixture.

0,0'-Diiodoazobenzene. A similar experiment using per-
benzoic acid in chloroform instead of /-butyl hydroperoxide
in benzene gave a rapid reaction on adding a few drops of
pyridine. The solution turned red, then black, and became
hot. The product was a complex mixture which gave a large
number of bands on chromatography on neutral alumina.
The first fraction (eluted with benzene) gave red needles,
m. p. 151.5-152.5° from methanol. Recrystallization from
ethanol lowered the melting point; recrystallization from
ether gave a product melting at 149.8-150.5°.

(10) P. A S. Smith, Dry. Reactions, Vol. I1l, p. 357.
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Anal. Calcd. for CiHINA2: C, 33.21; H, 1.86; N, 6.4G.
Found: C, 32.96; H, 1.57; N, 6.64.

Hofmann reaction of o-iodobcnzamide. TO a solution of
0.06 cc. of bromine in 0.24 g. of sodium hydroxide and 2 ce.
of water, prepared at 0°, was added 0.24 g. of powdered o-
iodobenzamide. The mixture was stirred for 20 min. at
0°; most of the benzamide dissolved. Stirring was con-
tinued in the ice bath for another 1.5 hr., then the mixture
was allowed to stand at room temperature for 1 hr. After de-

[Contribution from the Department of Chemistry and
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canting from a very small undissolved residue the mixture
was heated at 80° for 2 hr. On cooling, the o-iodoaniline
crystallized, m.p. 54-56°, yield 0.20 g.: acetyl derivative,
m.p. 109.5-110.5°.
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The magnitude of the deactivation of an ethylenic double bond by electron-attracting groups varies with the type, num-
ber, and position of the substituents. Thus, the relative reactivity toward addition of halogen decreases in the order: propene
> allyl chloride > 3,3-dichloropropene > 3,3,3-trichloropropene. Isomers of the di- and trichloropropenes containing vinylic
halogen were found to be less reactive. Allylic halides were found to add halogen approximately one thousand times faster

than the corresponding vinylic halides.

Parts | and Il of this series2described the addi-
tions of halogen compounds to allylic chlorides.
This paper is concerned with a study of halogen
addition to allylic chlorides. The influence of sub-
stituents on the rate of the addition of bromine to
ethylenic compounds was investigated by Ingold
and Ingold3and by Anantakrishnan and Ingold.45
A competitive bromine addition method was used
in the presence of methylene chloride at —35° and
—78°. The reduced velocity for each ethylenic
compound was obtained by comparing the rate of
bromine addition of the compound with that of
ethylene as unity,6 e.g., ethylene, 1.0; propene,
2.0; isobutylene, 5.5; trimethylethylene, 10.4;
tetramethylethylene, 14.0.

Swedlund and Robertson6 examined the rate of
halogen addition to halogen derivatives of ethylenes.
Chlorine was used instead of bromine for the de-
termination of the relative rates which were ob-
tained by comparing the /2 values calculated at
X = 50% (X = halogen absorption). The /2
values were calculated from the curves by plotting
the percentage of halogen absorption against time.
The original values were revised in one of their

(1) This is an abstract of a part of the doctoral thesis
submitted by Lieng-Huang Lee, Present address: Dow
Chemical Company, Midland, Mich.

(2) Part 1, 3. org. chem., 23, 1876 (1958); Part II, J.
Org. Chem., 24, 1271 (1959).

(3) C. K. Ingold and E. H. Ingold, 3. chem. Soc., 2354
(1931).

(4) S. V. Anantakrishnan and C. K. Ingold, J. chem.
Soc., 984 (1935).

(5) S. V. Anantakrishnan and C. K. Ingold, J. cChem.
Soc., 1396 (1935).

(6) B. E. Swedlund and P. W. Robertson, J. Chew. Soc.,
630(1947).

later papers,7based on a new value for allyl bromide
of 1.3 X 10-2 instead of 3 X 10-1. (The revised
values are included in Table 11.)

This study was undertaken to investigate the
influence of the number and position of electron-
attracting substituents upon the reactivity of the
double bond. The methods of preparation for the
allylic chlorides used are given in Part | of this
series. The kinetic method of Swedlund and Robert-
sonéwas employed for the rate studies. Vinyl bro-
mide was used as the reference compound to cor-
relate the data of this study with the values on
relative rate given in their papers. Except for allyl
chloride, chlorine was used instead of bromine to
measure the rates of addition. In this type of study,
iodine and its compounds are used for the determi-
nation of rates for the more reactive olefins;
bromine is used for the moderately reactive ole-
fins; and chlorine is commonly used for the less
reactive olefinic compounds. The relative rates
are obtained from comparisons of rates within
one set of data and between one set and another
irrespective of the halogen used, provided that
there is a compound common to both sets. It has
been found8 that the rate ratio for chlorine and
bromine addition, under a given set of conditions is
about 250 to 1 and is not critically affected by the
structure and reactivity of the olefin. The relative
rates for a given pair of compounds are about the
same regardless of whether they are determined
by chlorine or bromine addition.

The results of the study of relative rates of halo-

(7) P. W. Robertson, J. K. Heves. and B. E. Swedlund,
J. Chem. Soc., 1014(1952).

(8) P. B. D. De la Mare and P. W. Robertson, 3. chem.
Soc., 2838 (1950).
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TABLE 1
Rates and Relative Rates of Addition of Chlorine to Allylic Chlorides
Rates (fe)
t (50%), 1 mole-1 Relative Rates
Compounds Solvents min. min.-1 (CH2=CH2 = 1.0
Vinyl bromide* HOAC 22.0 3.3 X 10-1 1.3 X 10-6
3,3-Dichloropropene HOAc 11.0 6.7 X 10-1 2.6 X 10-s
cfs-1,3-Dichloropropene HOACc(10%H2) 7.3 1.0 2.5 X 10-6
trans-\,3-Dichloropropene HOAc(10%H20) 8.7 8.5 X 10-1 2.1 X 10-6
efs-Dichloroethylene6 HOACc (20% HD) 700.0 1.1 X 10-2 4.4 X 10-9
trans-1,3-Dichloropropene HOACc (20% HD) 1.3 5.1 2.1 X 10-6
3,3,3-Trichloropropene HOAc(20%H20) 10.3 7.2 X 10-1 2.9 X 10-7
3,3,3-Trichloropropene HOAC (40% HD) 15 4.9 2.9 X 10-7
1,1,3-Trichloropropene HOACc (40%) HD) 8.5 8.6 X 10-1, 5.1 X 10-
“Vinyl bromide was used as a standard and as a reference to standardize the method. 6cfs-Dichloroethylene value was

used for comparison.6

gen addition to allylic chlorides are given in Table I.
Table Il is a summary of relative rates reported in
the literature together with the values obtained in
this study on the influence of electron-attracting
substituents upon the rate of halogen addition.

TABLE Il

Influences of Substituents on Relative Rates of

Addition of Halogen to Olefinic Compounds

Relative
Compounds Rates References

Propene 2.0 5
Ethylene 1.0 5,6,7
Allyl fluoride 3.4 X 1072 7
Allyl chloride 1.9 X 102 7
Allyl bromide 1.3 X 102 7
Allyl cyanide 27X 107 7
s-Dichloroisobutylene 2.4 X 10+ 7
3.3-Dichloropropene-I 26 X 105

Vinyl bromide 13 X 10 6
cfs-1,3-Dichloropropene-I 25X 106
¢rarcs-1,3-Dichloropropene-l 2.1 X 10-6
3.3,3-Trichloropropene-I 2.9 X 107
1,1,3-Trichloropropene-I 51X 108
cis-Dichloroethylene 4.4 X 10-° 6
Irara-s-Dichloroethylene 22X 10° 6
Trichloroethylene 13 x 1071 6

The effect of allylic halogen upon the reactivity
of the double bond toward electrophilic addition
of halogen is shown by the 100-fold decrease in
rate for allyl chloride as compared to propylene.
Introduction of a second allylic halogen, as in
3,3-dichloropene, gave a further 1000-fold decrease;
and a third allylic halogen, as in 3,3,3-trichloro-
propene, gave another 100-fold decrease in the
relative rate. One vinyl halogen is about as ef-
fective as two allylic halogens in decreasing the
reactivity of the double bond toward halogen
addition. The effect of vinylic and allylic halogen
upon the relative reactivity of the double bond is
compared in Table I11. A 1000-fold difference in
magnitude is shown in each case for a change of
a single halogen from one type to the other in an
otherwise identical structure. The theoretical

implications of these relationships will be discussed
in the conducing paper of this series.

TABLE 111

Comparison of the Effect of Vinyl and Allylic Halo-
gen upon the Relative Rates of Halogen Addition

Difference in

Vinyl Halides Allylic Halides magnitude
CHACHX, 10-6 CHACH—CHZ2X,
10-2 10-3
XCH=CHX, 10-9 XCH=CH—CHZX,
10-6 10-3
XXL=CH—X, 10-1- XX =CH—CHZX,
10« 10-3

EXPERIMENTAL

A. Addition of bromine. Reagents. Dry bromine (Michigan
Chemical Co.) was redistilled with potassium bromide.
Acetic acid (Du Pont, ACS Standard) melted at 16.4-
16.6°. The allylic chlorides: had the following b.p.'s allyl
chloride (45°, 760 mm.), 3,3-dichloropropene (81-82.5°,
7425 mm.) and 3,3,3-trichloropropene (45°, 103 mm.).

Fig. la. Bromine addition to allyl chloride

Procedure. The concentrations of the reactants are ex-
pressed as the concentration of the final solution. For ex-
ample, for all bromine addition experiments, 5 ml. of the
allylic chloride in glacial acetic acid (0.0254/) and 5 ml.
of bromine in glacial acetic acid (0.0254/) were mixed in a
10-ml. colored volumetric flask to give a solution .01254/ in
each. For each time interval, 1 ml. of sample was taken out
by a 1-ml. syringe (precision 0.001 ml.) and transferred into
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an iodine flask containing 10 ml. potassium iodide solution
(5%). The solution was titrated with 0.012V sodium thio-
sulfate solution.

The values of X (% absorption of bromine) were plotted
against time. From the resultant curves, as illustrated in
Figure la, values of k- were calculated in (1) (g.-mole)-1
(min.)-1. The results for the homogeneous reactions are
reproducible.

B. Addition of chlorine. Reagent. Chlorine gas was dis-
solved in glacial acetic acid to prepare the solutions of re-
quired concentrations. Besides glacial acetic acid, three
other aqueous acetic acid solutions were used: 10% water,
20% water and 40% water in acetic acid. Allyl chloride, 3,3-
dichloropropene, and 3,3,3-trichloropropene were the same
materials used for the bromine addition; 1,1,3-trichloro-
propene (b.p. 132°, 700 mm.), cfs-1,3-dichloropropene (b.p.
104°, 700 mm.), ¢r<ros-l,3-dichloropropene (b.p. 112°, 700
mm.), and vinyl bromide (b.p. 16°, 760 mm.) also were
used in this experiment.

Procedure. Most of the procedure is identical with that of
bromine addition, except that a special correction had to be
made for the slight evaporation of chlorine.

The following sets of experiments were performed with
different concentrations of acetic acid solutions. They could
not be done at one concentration because of the great
variation of rate. This procedure is valid provided a known
value for one compound is available for each set of experi-
mental conditions. Thus in Table Il the relative rates for
vinyl bromide and cfs-dichloroethylene were known. The
relative values obtained for (raras-1,3-dichloropropene and
3,3,3-trichloropropene in the aqueous acetic acid with 20%
water were in turn used as known values for comparisons
made in solutions with 10% and 40% water in the acetic
acid. It was found that the more dilute the acetic acid solu-
tion, the faster the rate for the less reactive allylic chlorides.
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(b) In aqueous acetic acid solution (10% water): (1) cis-
1.3- Dichloropropene (217/10), Chlorine (47/80). (2) trans-
1.3- Dichloropropene (47/TO), Chlorine (217/80).

(c) In aqueous acetic acid solution (20% w'ater): (1)
trans- 1,3-Diehloropropene (217/10), Chlorine (47/80). (2)
3.3.3- Trichloropropene (217/10), Chlorine (217/80).

(d) In aqueous acetic acid solution (40% water): (1)
3.3.3- Trichloropropene (47/10), Chlorine (47/80).(2)
1.1.3- Trichloropropene (217/10), Chlorine (47/80).

The values of X (% absorption of chlorine) were plotted
against time as illustrated in Figure Ib and the rate h evalu-
ated from the slope (see Table I).

Fig. Ib. Chlorine addition to vinyl bromide
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(8)  In glacial acetic acid: (1) 3,3-Dichloropropene (47/10),chemistry established by the Lubrizol Corp.

Chlorine (47/80). (2) Vinyl bromide (21//10), Chlorine
(.17/80).
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Fructose was nitrated by nitronium sulfate. Six compounds were isolated, either as nitrate esters or—after denitration
m-as derivatives of fructose, four of which could be identified as dimeric condensation compounds of fructose anhydrides.
Three of them are described: difructose-anhydride I, diheterolevulosan I, and diheterolevulosan 1. A suggestion is put

forward on the mechanism of their formation.

In their effort to identify possible decomposition
products of cellulose nitratel a large number of
simple and compound sugars have been nitrated by
Will and Lenze,2using nitronium sulfate as nitrat-
ing agent. Most of the sugars yielded the expected
fully nitrated products, with the exception of
xylose, glucose, fructose, and sucrose. From the
monosaccharides crystalline nitrates of the anhy-
drides of the corresponding sugar could be obtained,
besides some amorphous nitration products of ill-
defined character. Complete nitration of xylose,
glucose, and sucrose has been performed in more

(1) W. Will, Ber., 24, 400 (1891).
(2) W. Will and F. Lenze, Ber., 31, 68 (1898).

refined ways;3-5 however, no success in full nitration
of fructose has been reported.

This sugar differs from the others in its behavior
towards strong mineral acids, the action of ivhich
causes dehydration and dimerization.& The prop-
erties of six difructose dianhydrides were summa-
rized by Wolfrom et al.7The existence of monomeric

(3) L. Brissaud, Mem. services chim. étal, 30, 120 (1943).

(4) G. Fleury and L. Brissaud, Compt. rend., 222, 1051
(1946).

(5) E. J. Hoffmann and V. P. Hawse, J. Am. Chem. Soc.,
41, 235 (1919).

(0) A. Pictet and J. Chavan, Helv. Chim. Acta, 9, 809
(1926).

(7) M. L. Wolfrom, W. W. Binkley, and H. W. Hilton,
J. Am. Chem. Soc., 74, 2867 (1952).
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Fig. 1. a. Reduction products of the
noncrystalline fraction (I111) obtained
by nitration of fructose, b. D-Fructose

fructose anhydrides has been reported several
times68 and a suggestion put forward that these
compounds dimerize rapidly. The only well de-
fined monomeric fructose anhydride was prepared
by Sarel and Leibowitz9 by nitration under non-
acid conditions.

The purpose of the present work is to reinvesti-
gate the nitration products of fructose as described
by Will and Lenze.2

By the action of nitronium sulfate on fructose a
dextrorotatory amorphous powder (I) was obtained
which could be separated into an ethanol soluble
fraction (I1) and an insoluble sirup (111). From 11
and Il two crystalline compounds separated
(IV and V), both proving to be nonreducing hex-
anitrates of a difructose dianhydride. IV and V
differed markedly in their x-ray diffraction pattern,
but had similar positive rotatory power and the
same analytical composition and infrared absorp-

(8) L. Sattler and F. W. Zerban, sugar, 39, No. 12, 28
(1944).

(9) M. Sarel and J. Leibowitz, 3. org. Chem., 24, 141
(1959).
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tion spectra. On catalytic reduction they were both
converted into the same substance (VIII), identi-
fied as “Difructose Anhydride 1”. Renitration of
VI yielded 1V again. 1V and V are therefore one
substance, exhibiting dimorphism; they are ap-
parently the “a-fructosan trinitrate” described
by Will and Lenze,2 but they constitute a small
fraction only of 1. No other homogeneous fructose
derivative could be isolated from | by fractionation
from different solvents or by chromatography
which produced but a minute quantity of another
crystalline substance (VI) which proved to be
nitrogen-free and is presumably an oxidation prod-
uct of fructose (meso-tartaric acid?).

Compound 11l was subjected to catalytic hy-
drogenolysis,L*using low hydrogen pressure. The
dextrorotatory crude reduction product (VII)
reduced Fehling’s solution rapidly and was de-
veloped by paper chromatography into 7 spots,
none of which is identical with fructose (Fig. 1).
Six crystalline compounds could be obtained by
column chromatography, three of which were iden-
tified with well defined fructose derivatives, namely
“Difructose Anhydride 1” (VI111), “Diheterolevulo-
san 1” (IX), and “Diheterolevulosan 117 (X).
A fourth substance (XI) falls into a new class of
nonreducing compound carbohydrates, consisting
of fructose and methylglyoxal; this substance will
be described elsewhere. The remaining two crystal-
line compounds (XII, XI1I1) show exceptionally
high values of optical rotatory power.

The nature of the products isolated so far re-
veals that the action of nitronium sulfate on fruc-
tose results in esterification, polymerization, de-
hydration, anhydride formation, oxidation, and
cleavage of the C—C bonds.

The complete absence of fructose from VII
(Fig. 1) seemed rather surprising, since this sugar
is kept in the acidic nitration medium for not more
than 20-30 minutes. Most of this period is neces-
sary for sufficient separation of the products from
the reaction mixture. By using a technique for
extracting the crude nitration product which further
minimizes the contact between the product and the
reactants, a levorotatory product (XV) was ob-
tained. Its reduction product (XVI) could be re-
solved by paper chromatography into four strong
and seven faint spots, predominant among them
a spot identical with fructose (Fig. 2).

Thus, the initial formation of a nitrate of mono-
meric fructose has been demonstrated. This result
could be confirmed by chromatographic analyses
of the denitration products derived from the crude
nitrates which have been prepared from fructose
in the absence of sulfuric acid, according to the
methods of Brissaud3 (XVII) and Oldhaml (XIX).
In both cases the fructose spot was prominent in
the paper chromatogram (Fig. 2).

(10) L. P. Kuhn, Anal. chem., 20, 270 (1950).
(11) J. W. H. Oldham, J. chem. Soc., 127, 2840 (1925).
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t, & a, Feuos

_ 4 [=mmmmmmmm oo fmmmmmn
Fig. 2. a. D-Fructose nitrated by an HNO3P205 mixture
and reduced, b. D-Fructose nitrated by HNO3HX04

(method B) and reduced, c. D-Fructose nitrated by an
HNo03-Aco H-Aco mixture and reduced

The formation of difructose dianhydrides by
dry12 or concentrated aqueous hydrochloric acid6
never exceeded 50%, although the time of reaction
might last several days. After acid treatment of
inulin Jackson and Goergen13 were able to isolate

(12) H. H. Schlubach and C. Behre, Ann., 508,16 (1933).
(13) R. F. Jackson and S. Goergen, Bur. Standards J.
Research, 3, 27 (1929).
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difructose dianhydrides but could not obtain them

from D-fructose freated in a similar manner.

Difructose anhydride | was formed by the action
of concentrated nitric acid on inulin acetate.1®

In our experiments it has been shown that ni-
trates of fructose are formed initially but that these
subsequently undergo anhydridization and dimer-
ization. It can be presumed that tetra- and penta -
nitrates of fructose exceed free fructose in their re-
activity. Nitrate groups on C-I, C-2, and C-3 would
differ considerably in the mechanism of the fission
of their C—0—NO02 linkages. The removal of an
—ONO2group from C-2 of fructose might produce
anhydro derivatives with or without Walden in-
version; both these possibilities have been realized
in the case of the hydrolysis of /3-acetonitro glucose.
The formation of a monomeric anhydride from
(XVI1I), as /3-2,3-a%i/ii/dro-fructofuranose (XXI) of
Sarel and Leibowitz, demands a free hydroxyl
group on C-3 as it exists in D-fructose 1,2,4,6-
tetranitrate. This incomplete nitration takes place
only when the introduction of the nitrate group is
performed by dinitrogen pentoxide or nitric acid in
acetic anhydride, while the nitronium ion in a
strong acid medium effects complete esterification.
Fructose, nitrated by nitronium sulfate and re-
duced, yielded only traces of XXI, and no X X1 was
found after the action of nitric acid in presence of
phosphorus pentoxide.

The spontaneous decomposition of penta- or 1,3,
4,6-tetra-nitrate of fructofuranose can be compared
to the action of nitric acid on triacetyl inulin.4
The free ketolic OH on C-2 might acquire acidic
properties by the influence of the neighboring ni-
trate-oxygen atom on C-l of a neighboring mole-
cule. This mechanism implies the liberation of
nitric acid (or nitrous gases) from the nitrate esters-
a phenomenon which in fact could be observed.

However, the large variety of products obtained
by the action of acids on fructose indicates the
co-existence of several reaction mechanisms. In a
strongly acidic medium C-2 undoubtedly serves
as potential carbonium ion,® thus facilitating the
formation of an unstable epoxy-ring after elimina-
tion of nitric acid (Fig. 3a) or alternatively, the
formation of a more stable anhydric bond with
some C—0—N02group of a second molecule, also
with the elimination of HNO3 In case this reaction
is performed with the C-1-ONO2 group—which
seems most probable—the conditions for the
formation of a dioxan-like structure are realized,
as the second molecule is able to react in a similar
way with the first one (Fig. 3b). Less probable is the
formation of an anhydride involving C—3—0N02
(Fig. 3c), although a compound of this type

(14) J. C. Irvine and J. W. Stevenson, J. Am. Chem. Soc.,
51, 2197 (1929).

(15) E. K. Gladding and C. B. Purves, J. Am. Chem.
Soc., 66, 76 (1944).

(16) S. Winstein, C. R. Lindegren, H. Marshall, and L. L.
Ingraham, J. Am. Chem. Soc., 75, 147 (1953).
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Probable mechanisms of anhydride formation in a strong
acid medium

H2—C—0-j-N 0 2<+>

1H1
—0—C—j-OH™1
OjN—C—CH
- L
|
Fig. 3a
H—I —0—N(li-
ft—C—O—N02<)............ HO—i —O—
i (- +
—0—1 -) h(SI-)| (o)aq -h2
0N—O—C—H
4 -
Fig. 3b
H2-C—O0—NO
+ -
)—n(o)Z II(-|2)— -K -
Lt )
-OH<-> oon - -H
0N—O—C—H
A -
Fig. 3c

has been isolated.I/ Any other type of anhydric
bond which did not result in a dioxan-like structure,
would be unstable and probably undergo fission
under the conditions of the reaction.

Moreover, the nitrated products undergo more
easily a C—C fission which produces three-carbon-
derivatives, as will be shown in a subsequent paper.

EXPERIMENTAL

Reagents. Absolute nitric acid (dis 1.52) was prepared by
vacuum distillation18 of a mixture consisting of 1 part of
nitric acid 70% and two parts of sulfuric acid 98% (v./v.)
at temperatures not exceeding 20° (0.4 mm. Hg), and the
distillate was collected in liquid air. d-Fructose (N.B.C.)
was ground and sieved (mesh 100 and up) and dried over
phosphorus pentoxide to constant weight. Dry ethanol,
used for crystallizations, was prepared from commercial
absolute ethanol by means of magnesium and iodine.19
Acetic acid and acetic anhydride were freshly distilled before

(17) M. L. Wolfrom and M. G. Blair, 3. Am. Chem. Soc.,
70, 2406 (1948).

(18) An airbalasted “Speedivac” rotatory pump, single
stage model 1SC30, Edwards & Co. Ltd., London, was
used.

(19) A. 1. Vogel, practical Organic Chemistry, Longmans,
Green & Co. Ltd., London, 1951, p. 166.
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use. Chloroform was cleaned by means of aqueous sulfuric
acid and washed with water until neutral, dried over cal-
cium chloride, and distilled. Nitrobenzene was washed with
water, dried over anhydrous soda and lyophillized at 2 X
10~2mm. Hg.

Catalytic hydrogenolysis was carried out in a Parr appa-
ratus at a hydrogen pressure of 60 Ib./sq. inch (approx. 4
atm.), using twice as much palladium catalyst,10 10% on
charcoal, as nitrates. After 20 min. the reactions with
diphenylamine and Nessler’s reagent were negative.

Quantitative chromatographic separations were carried out
by means of a column containing a mixture of Florex-Celite
(Hiflo)D5: 1, using 200 g. of the adsorbent for each gram of
the carbohydrate mixture.7

Paper chromatographic separations (descending) were per-
formed on Whatman No. 1 filter paper (for chromatography).
If not stated otherwise, the developing mixture consisted of
9 parts butanol, 8 parts water, and 5 parts pyridine. Each
separation was run in duplicate, using for spot detection
resorcinol 0.25% in phosphoric acid (85%), diluted 1:10
by ethanol in one case, and anthrone reagent in the other
case. The location of the spots was copied with a soft lead
pencil as described by Sattler and Zerban.2L

Analyses. Nitrogen determinations were carried out ac-
cording to Kuck et al.,22 using either a solution of the nitrate
ester in 96% ethanol or dry material in a tiny aluminum
cup, which dissolved completely within 1 min. X-ray pow-
der diffraction diagrams were photographed with a Guinier-
De Wolfe camera (dispersion constant 4 mm./degree) with
Cua K radiation. Infrared absorption spectrography was
carried out on a Baird IR Spectrophotometer Model B,
using a sodium chloride prism. Carbon/hydrogen deter-
minations were carried out by Drs. G. Weiler and F. B.
Strauss, G. B. Oxford. Melting points were determined by
a Fisher-Jones apparatus and are uncorrected.

Procedures. Nitration of D-fructose by nitronium sulfate
(Method A).2 Thirty grams of D-fructose was dissolved in
300 ml. abs. nitric acid at 10° by addition in small portions
(2-3 min.) and 600 ml. of sulfuric acid (precooled to 5°)
was added with constant stirring over a period of 15-20
min., keeping the temperature of the reaction mixture at
15-18°. Soon turbidity set in and a sirup was formed. After
all the acid was added, the mixture was transferred to a
separating funnel and the sirup allowed to separate (15-30
min.). The turbid acid mixture was removed and the sirup
allowed to run into a large mortar containing crushed ice,
whereupon it turned into a white solid. This was thoroughly
ground, the water-ice layer decanted and fresh ice added.
After 15-20 repetitions of this procedure the ice water was
neutral towards litmus. The solid was then dried by suction
and then kept overnight in vacuo over PD5at 5° In this
way 32-35 g. of the crude product (I) was obtained, [a]”
+ 11° (ethanol).

Anal. Found: N, 12.9.

Separation of the trinitrates: (&) | was partly dissolved by
shaking mechanically for 4 hr. with 50 ml. of abs. ethanol,
yielding a colorless solution (I1) and a yellowish sirup (I11).
11 was kept at room temperature for two weeks during
which fine needles (IV) separated. By recrystallization
from absolute ethanol large monoclinic rods were obtained,
[a]BB +49.5° (abs. ethanol, ¢ 1.9), [a]&F +49° (c 8.6 in
absolute methanol), [<8 +37.7° (c 6.1 in benzene).

(20) Florex XXX, a fuller’s earth type produced by the
Floridin Company, Warren, Pa. Celite (Hiflo) a silicious
filter-aid produced by Johns Manville Company, New York,
N. Y.

(21) L. Sattler and F. W. Zerban, ind. Eng. Chem., 41,
1401 (1949).

(22) J. A. Kuck, A. Kingsley, D. Kinsey, F. Sheeham,
and G. F. Swigert, Anal. Chem., 22, 604 (1950).

(23) The authors are indebted to Prof. A. Alexander and
Dr. Z. Kalman of the Department of Physics of the Hebrew
University, for carrying out these measurements.
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Anal. Caled. for CH,NJ®,,: C, 24.24; H, 2.32; N, 14.14.
Found: C, 24.5; H, 2.66; N, 14.1.

Melting point was 140° with a distinct transformation
at 125°. At this latter temperature the transparent needles
turn spontaneously opaque, but show no sign of melting
until the temperature of 140° is reached. This transforma-
tion does not cause any change in weight or rotatory power:
after recrystallization of the opaque substance from ethanol,
IV is regained quantitatively.
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neutralization, a jelly-like precipitate was formed that was
extracted by 3 X 20 ml. of chloroform. After evaporation
of the solvent a sirup remained, containing some acetic acid
that was removed by distillation with toluene. The sirup
-wes taken up in some ether and crystallized by addition of
benzene, yielding 470 mg. (70%) of the hexaacetate of
difructose anhydride 1. [«Id8 +0.56° (c 8.89 in chloroform);
m.p. 138°. This hexaacetate showed a transformation at
126-127¢, similar to the transformation observed with 1V

(b) ~ When the mother liquor of IV was concentrated byand V, i.e., its long transparent needle-like crystals turned

slow evaporation over a course of several weeks at room
temperature, it turned slowly into a thin sirup from which
small tetrahedric crystals (V) separated. The thin sirup was
diluted with some cold ethanol and V was removed rapidly
by decantation and filtration. Further small quantities of
V were obtained after slurrying 111 with sufficient cold
ethanol and could be separated by filtration. After treat-
ment with cold abs. ethanol V remained in the form of small
prismatic spheres, m.p. 138°, [«Td +47.6° (c 147 in
methanol).

Anal. Caled. for CBHMN,Ou: C, 24.24; H, 2.32; N, 14.14.
Found: C, 24.15; H, 2.45.

V showed the same transformation at 124-125° as IV.
When V was dissolved in warm methanol or ethanol and
the solution cooled, a mixture of IV and \ resulted; upon
repetition of this, V was completely converted into IV.
No complete reconversion of IV into V was successful; how-
ever some V was formed when a hot abs. ethanolic solution
of IV was slowly concentrated by a stream of dry air.

spontaneously opaque with no signs of melting. This hexa-
acetate (55 mg.) was subjected to deacetylation by a
methanolic solution of barium methoxide. After shaking the
mixture for 4 hr. at room temperature, it was neutralized by
N sulfuric acid in methanol over a period of 5 hr., the
resulting suspension filtered with a filter aid and concen-
trated in vacuo. Recrystallization from abs. ethanol yielded
345 mg. (77% theor.) of (VIII).

Nitration, of VIII. Compound VIII (30.8 mg.) was dis-
solved in 2 ml. of a mixture containing abs. nitric acid,
acetic acid, and acetic anhydride at a ratio of 2:1:1 (w./w.),
all freshly distilled.3 A white precipitate was formed that
was introduced into 30 ml. ice water. By centrifugation
a yellowish jelly-like aggregate separated; this was washed
with ice water until neutral, filtered, and air-dried. One-
tenth gram of decolorizing carbon (Norit A) was added to
its alcoholic solution, filtered off, and the clear solution
concentrated until a jelly-like precipitate appeared. This
was redissolved by gentle heating and inoculated with 1V.

IV and V rapidly decomposed when heated with camphorOvernight a nearly quantitative yield of crystalline IV was

or benzophenone and were only slightly soluble in cold
benzene. Molecular weight determinations were carried out
in colorless nitrobenzene: 0.4602 g. (IV) in 1810 g. (15
ml.) nitrobenzene—AT = 0.31°; mol. wt. = 575. 0.4602
g (IV) in 2419 g. (20 ml.) nitrobenzene—AT = 0.23°;
mol. wt. = 580. 0.0427 g. (V) in 3.65 g. (3 ml.) nitrobenzene
AT = 0.14°% mol. wt. = 586. 0.0427 g. (V) in 6.10 g. (5
ml.) nitrobenzene AT = 0.08°;mol. wt. = 608. CH702(N033
theor. mol. wt. = 594.

Both IV and V showed identical infrared absorption bands
at 1665 cm.-1; 1306 cm.-1; 1280 cm.-1, characteristic for
nitrate esters. X-ray powder diffraction data of 1V: 5.05
(1 = strongest); 4.70 (4); 4.00 (2); 3.80 (5); 3.65 (3).

X-ray powder diffraction data of V: 8.40 (3); 5.55 (4);
505 (7); 4.65 (8); 4.30 (1); 3.80 (2); 3.55 (5); 2.85 (6). V
might well contain some amount of IV.

From the sirupy concentrate of Il minute amounts of
cubic crystals (VI), m.p. 138°, separated after several weeks.
VI was free of nitrogen, optically inactive, and did not reduce
Fehling’s solution. It dissolves in alkaline solution.

Anal. Found: C, 29.87; H, 3.02.

VI might well be impure mesotartaric acid (m.p. 140°
C, 32.0; H, 3.0), but its quantity was insufficient for re-
crystallization.

Catalytic reduction of IV and V. Compound IV (0.089 g.)
was dissolved in 4 ml. of dioxan and diluted with 6 ml. of
95% ethanol. One-tenth gram of palladium catalyst, 10%
on charcoal, was added and this mixture shaken under
hydrogen pressure of 1360 Ib./sq. inch for 10 min. The
filtrate of the resulting mixture gave no reaction with
diphenylamine, Nessler’s reagent, or Fehling’s reagent.
A white sirup (0.053 g.) could be isolated (97.5%) and
from its abs. ethanol solution small crystalline aggregates
were formed (VIII); [a]R +27.5° (c 3.8 in water), m.p.
164-165° (uncorr.).

Anal. Caled. for CaHjoCh: C, 44.44; H, 6.22. Found:
C, 44.26; H, 6.59.

Compound V (0.239 g.) was reduced as described above,
forming 0.120 g. (88%) of a colorless sirup. After treatment
with abs. ethanol, crystals identical with V111 appeared.

Acetylation of (VI11). Compound V111 (376 mg.) was dis-
solved in 2.0 g. of acetic anhydride and 0.4 g. sodium acetate
added. The mixture was heated to 140° for 30 min. and then
kept for 40 hr. at 70°. On cooling to room temperature and

obtained. These crystals melted at 140°, but showed their
transformation at 107° instead of 125°.

Experiments with II1. When an ethanolic solution of 111
was kept at —5° for several weeks, small spherical aggre-
gates appeared -which did not reduce Fehlings solution.
Their optical activity varied between —5° and +20° and
their nitrogen content between 13% and 14.6%. The
homogeneity of these fractions was checked by reduction,
followed by paper chromatography. All of them proved to
be complex mixtures of 3 or 5 components. Unsuccessful
fractionations were attempted from various solvents and
solvent mixtures, including aqueous and dry methanol,
acetone, dioxane, ethyl acetate, petrol ether, chloroform,
carbon tetrachloride, ether, benzene, nitrobenzene, pyridine,
and acetic acid.

When 111 was subject to low-pressure hydrogenolysis a
sirup (V1) was formed reducing Fehling’s solution rapidly,
[a]” +5°. By paper chromatography of VII, using a mix-
ture of 25 parts of ethyl acetate, 8 parts of water, and 7
parts pyridine, six spots appeared after color reaction with
resorcinol, anthrone, and a-naphthol. In relation to Rj
of fructose = 1.00, the average distances travelled by these
(Rf) spots were as follows: 0.32; 0.63; 0.84; 1.27; 1.34; 1.57.
Owing to the diffuse character of the slower spots, further
paper chromatographic separations were carried out with
a mixture of butanol, water, and pyridine. Seven spots
could be located after color reaction with resorcinol, their
Rf values being as follows: (a) 0.35; (b) 0.50; (c) 0.67;
(d) 0.92; (e) 1.12; (f) 1.25; (g) 1.35 (see Fig. 1). Three of
these spots could be identified with well-defined compounds,
namely: (a) diheterolevulosan | (di-D-fruetopyranose 1,2';
2,I'-dianhydride); (c) diheterolevulosan 11  (D-fructo-
pyranose-D-fructofuranose 1,2":2,I'-dianhydride); (e) di-
fructose anhydride 1 (di-D-fructofuranose 1,2":2,I'-di-
anhydride).

Quantitative chromatography of I11. Five grams 111 -were
dissolved in 10 ml. of water, diluted by 190 ml. methanol
and added to a column containing 1000 g. of a mixture of
Florex XXX-celite (Hiflo) 5.17 (dimensions 310 X 90
mm.) prewetted by 1500 ml. ethanol 95%. The chromato-
gram was developed by 2500 ml. methanol 95%, followed
by 2000 ml. of methanol 90%, 1000 ml. methanol 75%
and 1000 ml. methanol 50%. The effluents were collected
in portions of 25 ml. and their optical rotations measured
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in a 4 dm. polarimetric tube. In this way the effluents could
be divided into six fractions, each of which was shown by
paper chromatography to contain 3-4 constituents.

These fractions, designated A (fastest moving), B, C,
D, E, and F, were dried thoroughly in vacuo over phosphorus
pentoxide. By addition of some dry ethanol to the homy
residues, five crystalline substances were separated from
A, B, C, and D at room temperature over a period of 10
weeks. From A and B small platelets (X1) could be isolated,
which proved to be a condensation product of fructose and
methylglvoxal, as will be described elsewhere; from the
combined mother liquors diheterolevulosan | (1X) separated
followed by small amounts of diheterolevulosan 11 (X).
From C and D tiny amounts of strongly hygroscopic needles
(XI11) crystallized, [»]* +270° (c 0.13 in methanol), m.p.
160° (dec.). So far the substance has not been obtained
free from impurities. From D, E, and F some traces of small
crystals (XI11) separated, [«I'd approx. —300° (c 0.10 in
water). The amounts isolated were insufficient to permit
purification and elementary analysis.

Nitration of 'D-fructose by nitronium sulfate (Method B):
Three grams of D-fructose was dissolved with rapid stirring
in 30 ml. of abs. nitric acid at 5° and this temperature kept
during the entire procedure; 60 ml. of cold concentrated
sulfuric acid was added over a period of 5 min., followed by
100 ml. of dry chloroform. After 2 min. of stirring, the upper
chloroform layer was siphoned off, 50 ml. of fresh chloroform
was added and the mixture was stirred for 2 min. This
procedure was repeated once more and the combined
chloroform extracts were repeatedly washed with 300 ml.
portions of ice-cooled distilled water, until the aqueous
layer was neutral towards litmus. After the first three wash-
ings, the chloroform layer -wes rapidly removed from the
aqueous phase disregarding turbidity. To the almost color-
less chloroform solution, 0.38 g. of recrystallized p-benzo-
quinone was added. The solution was dried for 4 hr. over
anhydrous sodium sulfate and then concentrated in vacuo
at 30°. There resulted 3.0 g. of a pale yellow sirup (XV)
[« —35° (c 2.0 in dioxan) (N = 13.1), which was dis-

PHENYLATION OF ALKOXYCHLOROSILANES

435

solved in 15 ml. of dioxan, 20 ml. 05% ethanol were added,
and the solution was reduced with 10 g. of palladium cata-
lyst. After reduction a yellow sirup was obtained (XVI)
that was subjected to paper chromatography (see Fig. 2).

Nitration of DHructose in an acetic anhydride mixture*
Three grams of D-fructose was dissolved with rapid stirring
in a mixture of 20 ml. abs. nitric acid, 15 ml. acetic acid,
and 15 ml. acetic anhydride. The solution rapidly turned
yellowish-brown; after 10 min. it was poured into 500 ml. of
ice water. The product was extracted by three portions of
100 ml. ether, the combined yellow extracts were washed
repeatedly with ice-cooled distilled water until neutral
towards litmus. The ethereal solution was dried for 4 hr.
over anhydrous sodium sulfate, 0.05 g. p-benzoquinone were
added, and the ether distilled off. 5.70 g. of a deep yellow
sirup (XVII) was obtained, [a]B +30 (c 7 in methanol),
N = 16. By hvdrogenolysis of XVII a reddish-brown sirup
was formed (XVIII). XVIII was subjected to paper chro-
matography (see Fig. 2).

Nitration of d-fructose in presence of phosphorus pentoxide,u
Three grams of D-fructose was added to an ice-cooled mix-
ture of 30 ml. abs. nitric acid, 30 ml. of dry chloroform and
6 g. of phosphorus pentoxide. After 5 min. of rapid stirring,
50 ml. of dry chloroform was added and the liquid part of
the mixture siphoned off, leaving the phosphorus pentoxide
in the reaction flask. The acid mixture was poured into 300
ml. of ice water, and shaken with an additional amount of
100 ml. of chloroform. The chloroform layer was removed
and the turbid aqueous layer extracted twice with 100 ml.
of ether. The mixed extracts were washed with ice-cooled
distilled water until neutral, dried over anhydrous sodium
sulfate, 0.02 g. of p-benzoquinone were added and the
solvents evaporated in vacuo. 1.15 g. of an orange colored
sirup (XIX) resulted, [«Id —3.9°, N = 11.4. The reduc-
tion product (XX) of (X1X) was subjected to paper chro-
matography (see Fig. 2).

Jerusalem, Israel
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The Phénylation and M éthylation of Alkoxychlorosilanesl
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The phénylation of diisopropoxydichlorosilane, triisopropoxychlorosilane, and triethoxyehlorosilnne with chlorobenzene
and molten sodium was investigated. The effect of varying the reactant ratio on the yield of diphenyldiisopropoxysilane
from the reaction of diisopropoxydichlorosilane, chlorobenzene, and molten sodium was studied. The méthylation of tri-
ethoxychlorosilane and triisopropoxychlorosilane -with methyl chloride and molten sodium was studied briefly. During this
investigation, four new isopropoxychlorosilanes were prepared and characterized: diisopropoxydichlorosilane, triisopropoxy-
chlorosilane, phenylisopropoxydichlorosilane, and phenyldiisopropoxychlorosilane.

Various modifications of the sodium method of
preparing organosilicon compounds have been de-
vised to control the degree of substitution. One
approach3is based upon limiting the concentration
of the organic halide in the reaction mixture by
extreme dilution with an inert solvent. A two-
stage synthesis4in which the organosodium reagent

(1) This research was sponsored by the Ethyl Corpo-
ration, Baton Rouge, La.

(2) Present address: Corn Industries Research Founda-
tion, Washington, D. C.

(3) E. G. Rochow, Chemistry of the Silicones, John Wiley
and Sons, N. Y., 2nd Edition, p. 32, 1951.

is prepared and treated separately allows much
better control. Another approach to controlled
substitution is based on the relative reactivities of
the silicon-alkoxy and silicon-chlorine bonds toward
the organosodium intermediate.

One objective of this study was to determine the
effect on the phenylation and methylation reactions
due to varying the type of alkoxy groups in the
silane starting material. Another objective was to
determine the effect of varying the reactant ratio

(4 W. C. Sehumb and C. M. Sailer, Jr., J. Am. Chem.
Soc., 63,93 (1941).
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TABLE 11
Physical Properties of Compounds Involved in This Study
B.P. MRd
Compound (°C/mm.) nad d:5 Calcd. Found
CIZi(0-f-Pr)2 155/745 1.3960 1.0490 49.58 49.75
CISi(0-f-Pr)a 177/734 1.3898 0.9496 59.97 60.07
SI(O-I-_PI’),_ 62-64/5* 1.3844c 0.8744" 70.36 70.76
CEHsSi(0-i-Pr)Cla 99-100/10 1.4868 1.1267 59.38 60.02
CHSDI(0-f-Pr)Zla 113-114/10 1.4669 1.0221 69.77 70.25
CG—|5I(O_—f-P_I’), 110-112/5" 1.4488/ 0.94118 80.16 80.46
(CG—@,SI(O-I-PI’)Z 152-154/5* 1.5120* 0.9973' 89.96 90.49
CH3i(0-f-Pr)3 163/749* 1.3830 0.8557 60.34 60.08
CISi(OCH5H3 156-157/743” 1.3884 1.0124 46.08 46.35
CG‘|Si_QOC2H 63 122-124/15" 1.4590° 0.9904” 66.27 66.26
CH3I(OCHH3 142-144/7458 1.3887r 0.9166s 46.45 45.97

aNew compound.

170 /16 mm.1l nD 15136.11 d* 0.9982.11 e 136722.“ frrD 1.3852.“ 8d2) 0.8754.“ '«170716

mm.11 *n® 1.5136.11 1d20 0.9982." * 1027100 mm.2 ' n25 1.3869.12 m 155-1577760.0 n 120714 mm.“ OnD® 1.4611.“

7 d120.9916.118 143.57760 mm.13r n25 1.3820.13s d 230.885.13

on the reaction of diisopropoxydichlorosilane and
chlorobenzene in the presence of molten sodium.
The results of this investigation are summarized
in Table I.

The phemjlation of alkoxychlorosilanes. The
phénylation of tetramethoxysilane,5 chlorotricy-
clohexoxysilane,6 and dichlorodimethoxysilane7
with chlorobenzene and sodium have been reported.

Our study of the phénylation of diisopropoxy-
dichlorosilane by the molten sodium method re-
vealed that higher yields of diphenyldiisopropoxy-
silane were obtained at lower chlorobenzene to
silane molar ratio: 64% at 150 to 1; 61% at
1.75t0 1; 13-15% at 2.03 to 1.

The phénylation of trialkoxychlorosilanes was
carried out in the absence of any solvent by adding
chlorobenzene to molten sodium dispersed in the
trialkoxychlorosilane. Higher yields of phenyl-
trialkoxysilane were obtained with triisopropoxy-
(68%, average) than with triethoxychlorosilane
(40%). An interaction between molten sodium
and triethoxychlorosilane was observed which
caused an induction period before the reaction
was initiated. The exact nature of this interaction
is not known. It may have been the formation of
a sodium-silane complex or it may have been due
to the cleavage of silicon-oxygen bonds. In the runs
with triisopropoxychlorosilane, there was no ap-
preciable molten sodium-silane interaction and the
reactions were initiated immediately and easily
carried to completion.

The méthylation of alkoxychlorosilanes. The
méthylation of tetraethoxysilane.8 trimethoxy-
chlorosilane,9 and dimethoxydichlorosilane9 by
the molten sodium method have been reported.

During this study, the méthylation of triethoxy-

(5) C. W. Bondy and K. Reiser, British Patent No.
573,906(1945).

(6) A. Bowman, etal, British Patent No. 613,648 (1948).

(7) K. Hiratsuka, Japanese Patent No. 5,330 (1951).

(8) L. Tiganik, U. S. Patent No. 2,521,267 (1950).

(9) C. W. Bondy, et al, British Patent No. 612,822
(1948).

chlorosilane and triisopropoxychlorosilane were
carried out without the use of a catalyst, using
molten sodium and methyl chloride. Reactions
with both starting materials were difficult to initi-
ate, and it was necessary to add small amounts of
ethyl acetate at frequent intervals to sustain the
reaction. The yield of methyltrialkoxysilane was
higher when triisopropoxychlorosilane with solvent
was used (38%) than when triethoxychlorosilane
without solvent was used (13%o).

The preparation of alkoxychlorosilanes. All of
the alkoxychlorosilanes except triethoxychloro-
silane which were involved in this work were pre-
pared by the alcoholysis of chlorosilanes. By this
procedure, four new alkoxychlorosilanes were pre-
pared: diisopropoxydichlorosilane, triisopropoxy-
chlorosilane, phenylisopropoxydichlorosilane, and
phenyldiisopropoxychlorosilane.  Triethoxychloro-
silaneX®was prepared by the autoclave reaction of
acetyl chloride and tetraethoxysilane. Other
known11-13 alkoxysilicon compounds included in
this study were isolated from experimental re-
action mixtures and characterized.

The physical properties of all the compounds
involved in this study are listed in Table II.

EXPERIMENTALI14

Preparation of diisopropoxydichlorosilane. To 510 g. (3.0
mole) of tetrachlorosilane at 0° was added 306 g. (5.1 mole)

(10) D. Peppard, W. Brown, and W. Johnson, J. Am.
Chem. Soc., 68, 70 (1946).

(11) B. Smith, Svensk. Kem. Tid., 71, 213-217 (1949),
Chem. Abslr., 44,883 (1950).

(12) M. M. Sprung and F. O. Guenther, J. Am. Chem.
Soc., 77,6045 (1945).

(13) F. C. Whitmore, et at., J. Am. Chem. Soc., 68, 475
1946).
( (14% The chlorine content of chlorosilanes was determined
by liberating the chlorine as hydrogen chloride by methanol-
ysis and then adding water to the alcoholysate to obtain an
aqueous solution of hydrogen chloride which was titrated
with 0.IN sodium hydroxide using phenolphthalein as an
indicator. Molar refractions were calculated from the values
of E. L. Warrick, J. Am. Chem. Soc., 68, 2455 (1948).
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of 2-propanol at a rate of 3 to 4 ml./min. The temperature
of the reaction mixture was maintained at 0°. After the addi-
tion was complete, the reaction mixture was purged with
nitrogen for approximately 15 min. while the temperature
was gradually increased to 50°. The purged reaction mix-
ture was distilled through a 45-plate, 34in. i.d. Oldershaw
column to give 190 g. (29.2%) of diisopropoxydichloro-
silane, b.p. 155° at 745 mm., n 25 1.3960, c« 1.0490, MRd
calcd. 49.58, found 49.75.

Anal. Calcd. for SiCeHuChCh: Cl, 32.8. Found: Cl, 33.4.

Preparation of triisopropoxychlorosilane. To 748 g. (4.4
mole) of tetrachlorosilane was added 720 g. (12.0 mole) of
2-propanol in a manner similar to that in the preparation
of diisopropoxydichlorosilane. Distillation gave 274 g.
(26.0%)) of triisopropoxychlorosilane, b.p. 177° at 734
mm., n® 1.3898, d*“ 0.9496, MRd calcd. 60 07, found 59.97.

Anal. Calcd. for SiCgHuUChCI: ClI, 14.8. Found: CI, 15.5.

A similar run using 816 g. (4.8 mole) of tetrachlorosilane
and 732 g¢. (12.2 mole) of 2-propanol gave 250 g. (24.0%)
of diisopropoxydichlorosilane, b.p. 154-156° and 515 g.
(41.7%) of triisopropoxychlorosilane, b.p. 176-178°.

Another similar run using 1,020 g. (6.0 mole) of tetra-
chlorosilane and 900 g. (15.0 mole) of 2-propanol gave 307
g. (23.6%) of diisopropoxydichlorosilane, b.p. 154-156° and
692 g. (47.6%) of triisopropoxychlorosilane, b.p. 176-178°C.

Preparation of triethoxychlorosilane. A mixture of 157
g. (2.0 mole) of acetylchloride and 417 g. (2.0 mole) of tetra-
ethoxysilane were placed in an autoclave and held at 160°
for 1 hr. The resulting reaction mixture was flash distilled
at reduced pressure to remove any metallic contamination
picked up in the autoclave. Distillation gave 119 g. (30%)
of triethoxychlorosilane, b.p. 156-157° at 743 mm., n25
1.3884, d f 1.0124, MRd calcd. 46.08, found 46.35.

Preparation of phenylisopropoxydichlorositane and phenyl-
diisopropoxychlorosilane. To 212 g. (1.0 mole) of phenyl-
trichlorosilane was added 90 g. (1.5 mole) of 2-propanol in
the same general manner previously described. Fractionation
of the reaction mixture yielded 45 g. (19.1%) of phenyl-
isopropoxydichlorosilane, b.p., 99-100° ao 10 mm., n25
1.4868, dI5 1.1267, MRd calcd. 59.38, found 60.02.

Anal. Calcd. for SiCsHnCCh: ClI, 30.15. Found: Cl, 29.66.

Further distillation gave 64 g. (23.8% yield) of phenyldi-
isopropoxvchlorosilane, b.p., 113-114° at 10 mm., n\?
14669, dls 1.0221, MRd calcd. 69.77, found 70.25.

Anal. Calcd. for SiCi2HI®D>CI: Cl, 13.70. Found: ClI,
14.82.

The phcnylation of diisopropoxydichlorosilane. To 34.5
g. (1.5 mole) of molten sodium in 150 ml. of toluene was
added a mixture of 79.8 g. (0.71 mole) of chlorobenzene and
76 g. (0.35 mole) of diisopropoxydichlorosilane (the molar
ratio of chlorobenzene to the silane -was 2.03 to 1) at
110°. The addition of the reactant mixture resulted in an
immediate temperature rise and a purple color develop-
ment. The reaction temperature was maintained at 115° by
controlling the rate of addition. After the addition -wes
complete, the reaction mixture was maintained at 115°
for 0.5 hr. A gelatinous precipitate was removed by centrif-
ugation and washed with toluene, and the washings were
added to the supernatant liquid. The solvent and most of
the unchanged diisopropoxydichlorosilane were removed
by atmospheric distillation. The concentrated reaction mix-
ture was fractionated by a vacuum distillation through an
8 in. section of Ji in. i.d. column packed with Vi in. Berl
saddles to give 16 g. (15.2%) of diphenyldiisopropoxvsilane,
b.p. 152-154° at 5 mm., n25 1.5120, d% 0.9973, MRn calcd.
89.96, found 90.49, and the following: 11 4. of tetraisopro-
poxysilane, b.p. 62-64° at 5 mm., 1.3844, d45 0.8744,
MRd calcd. 70.36, found 70.76; 9.5 g. of phenyltriisopropoxy-
silane, b.p. 110-112° at 5 mm., rafB 1.4488, d45 0.9411,
MRd calcd. 80.16, found 80.46; and 32 g. of an unidentified
solid residue.

A duplicate run gave 14.0 g. (13.4%,) of diphcnvldiiso-
propoxvsilane, b.p. 152-154° at 5 mm., u2b 1.5123, d4s
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1.000, MRd calcd. 89.96, found 90.10; 11.0 g. of tetraisopro-
poxysilane, b.p. 62-64° at 5 mm., n2 1.3855, d|5 0.8718,

MRd calcd. 70.8, found 71.1; 9.0 g. of phenyltriisopropoxy-

silane, b.p. 110-112° at 5 mm., nB® 14464, d25 0.9399,

MRd calcd. 80.7, found 80.1; and 28 g. of unidentified solid

residue.

A similar run using 29.9 g. (1.3 mole) of sodium in 150 ml.
of toluene, 68.6 g. (0.61 mole) of chlorobenzene, and 76 g.
(0.35 mole) of diisopropoxydichlorosilane was carried out.
The molar ratio of chlorobenzene to the silane was 1.75to 1.
The precipitate was removed by filtration, and the filtrate
was fractionated as before to give 57.0 g. (61.3%) of di-
phenyldiisopropoxvsilane, b.p. 150-152° at 5 mm., n2
15101, d25 0.9944", MRd calcd. 89.96, found 90.20; 15.0 g.
of unchanged diisopropoxydichlorosilane, 3.4 g. of phenyl-
isopropoxydichlorosilane, 9.6 g. of phenyltriisopropoxysilane,
b.p. 106-107° at 5 mm. and 16.0 g. of an unidentified solid
residue.

A similar run using 25.3 g. (1.1 mole) of sodium in 150 ml.
of toluene, 59.1 g. (0.525 mole) of chlorobenzene, and 76 g.
(0.35 mole) of diisopropoxydichlorosilane was carried out.
The molar ratio of chlorobenzene to the silane was 1.5 to 1
The reaction mixture -wes filtered easily and then fraction-
ated as before to give: 50.0 g. (63.7%) of diphenjddiiso-
propoxysilane, b.p. 150-152° at 5 mm., jrB 15082, d“
0.9952, MRd calcd. 90.60, found 89.96; 17.1 g. of un-
changed diisopropoxydichlorosilane, as calculated from
chlorine analysis of the distillate from the atmospheric
distillation; 8.5 g. of crude phenyldiisopropoxychlorosilane,
collected in a b.p. range of 45-90° at 5mm.; 6.5 g. of phenyl-
triisopropoxysilane, b.p. 106-107° at 5 mm., and 12.0 g.
of an unidentified solid residue.

The phenylation of triisopropoxychlorosilane. To 19.5 g.
(0.85 mole) of molten sodium in 253 g. (1.05 mole) of tri-
isopropoxychlorosilane at 110° was added 39.5 g. (0.35 mole)
of chlorobenzene. The reaction was initiated immediately
upon addition of the chlorobenzene, and the reaction tem-
perature was maintained at 115° by the rate of addition.
Phenyltriisopropoxysilane was isolated in a manner similar
to that of diphenvldiisopropoxysilane and was obtained in a
72 per cent yield (71.0 g.), b.p. 137-138° at 20 mm., nZ3
1.4469, 64s 0.9428, MRn calcd. 80.16, found 79.65. Also,
17.0 g. of unchanged triisopropoxychlorosilane and 6.0 g. of
residue were obtained.

A duplicate run gave 63.0 g. (64%) of phenyltriisopro-
poxysilane, b.p. 122° at 10 mm., «25 1.4482, d25 0.9409;
17.0 g. of unchanged triisopropoxychlorosilane and 7.0 g. of
residue.

The phenylation of triethoxychlorosilane. To 19.5 g. (0.85
mole) of molten sodium in a mixture of 1.04 g. (0.525 mole)
of triethoxychlorosilane and 100 ml. of toluene at 110° was
added 39.5 g. (0.35 mole) of chlorobenzene. About 10 ml.
of chlorobenzene was added before the reaction was ini-
tiated, when there was a rapid temperature increase to 125°.
The reaction mixture was cooled, then maintained at a
temperature of 120° by the addition rate. After the addition
of chlorobenzene was complete, the reaction mixture was
maintained at 120° for 15 min. Phenyltriethoxysilane,
isolated in a manner similar to that of the diplienyldiisopro-
poxysilane, was obtained in a 40.0% yield (35.59.), b.p. 122-
124° at 15 mm., n25 1.4590, dT 0.9904, MRd calcd. 66.27,
found 66.26. Also, 54.0 g. of unchanged triethoxj'chlorosilane
and 2.0 g. of residue were obtained.

The methylation of triisopropoxychlorosilane. A mixture of
195 g. (0.85 mole) of sodium, 84.0 g. (0.35 mole) of triiso-
propoxychlorosilane, and 100 ml. of toluene was heated to
110°. The methyl chloride (35.0 g., 0.70 mole) was intro-
duced beneath the surface of the reaction mixture at a rate
of 0.5 g./min. It was necessary to initiate and to maintain
the reaction by the addition of 5 ml. of ethyl acetate (in 0.5
ml. portions) during a 3-hr. reaction period. After removal
of the precipitate, the filtrate was distilled through a 10-plate,
lin. i.d. Oldershaw column to give 27.0 g. (37.7% yieldl of
methyltriisopropoxysilane, b.p. 163° at 749 mm. n 2 1.3830,
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d“ 0.8557, MRd calcd. 60.34, found 60.08, 2.0 g. of un-
changed triisopropoxychlorosilane and 7.0 g. of residue.
The Méthylation of Triethoxychlorosilane. A run similar to
that of the methyltriisopropoxysilane was carried out using
25.0 g. (1.1 mole) of sodium, 93.5 g. (0.5 mole) of triethoxy-
chlorosilane, and 75.0 g. (1.5 mole) of methyl chloride. Again
it was necessary to add ethyl acetate in small portions to
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maintain a reaction. Methyltriethoxysilane was obtained
in 12.9% vyield (11.5 g.), b.p. 142-144° at 745 mm., re*

1.3887, dp 0.9166, MRd calcd. 46.45, found 45.97. Also,
80.5 g. of unchanged triethoxychlorosilane and 23.0 g. of
residue were obtained.

K ansas City 10, Mo.

[Contribution from Eastern Regional Research LaboratoryPand Temple University]

Higher Alkyl M onoethers of Mono- to Tetraethylene Glycol2ab
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The mono-re-dodecyl, tetradecyl, hexadecyl, and octadecyl ethers of mono- to tetraethylene glycol, R(OCH2CH2)iOH,
were synthesized from alkyl halides or tosylates or by alkali-catalyzed reaction of alcohols with ethylene oxide. In the do-
decyl, tetradecyl, and hexadecyl series, freezing-point minima occurred at i = 3. The distribution of products in oxyethylation
of tetradecanol followed the equations of Weibull and Nycander, with a distribution constant of 3.0.

In view of the industrial importance of mixtures of
monoalky! ethers of polyethylene glycol, it would be
useful to have available individual members of this
class. One objective of this investigation was there-
fore to synthesize the rnono-n-dodecyl, tetradecyl,
hexadecyl, and octadecyl ethers of mono- to tetra-
ethylene glycol and to report their characterizing
constants.

Some of the members of this group of sixteen
compounds have been previously reported. The
Williamson reaction has been used to prepare gly-
col ethers for nicotine synergism studies.&Ethylene
glycol mono-n-dodecyl ether was synthesized from
the alkyl bromide and glycol6 and ethylene glycol
mono-n-octadecyl ether from the alkyl tosylate.6
More recently the stepwise synthesis of mono- to tet-
raethylene glycol mono-n-dodecyl ethers by the
acid-catalyzed addition of ethylene oxide to the next
lower homolog was reported.7 Alkali-induced oxy-
ethylation,8910common for the preparation of ad-

(1) A laboratory of the Eastern Utilization Research and
Development Division, Agricultural Research Service,
United States Department of Agriculture.

(2) (a) Based upon a dissertation submitted to the Temple
University Graduate Council by A. N. Wrigley in partial
fulfillment of the requirements for the Ph. D. degree, June,
1958. (b) Presented at the 135th National Meeting of
American Chemical Society, Boston, Mass., April, 1959.

(3) (a) Eastern Regional Research Laboratory, United
States Department of Agriculture, Philadelphia 18, Penn-
sylvania. (b) Department of Chemistry, Temple University,
Philadelphia 22, Pennsylvania.

(4) N. Turner, D. H. Saunders, and J. A Willaman,
Conn. Agr. Expt. Sta., Bull. No. 543, 6 (1951).

(5) F. C. Cooper and M. W. Partridge, J. Chem. Soc.,
459(1950).

(6) D. A Shirley, J. R. Zietz, Jr.,, and W. H. Reedy,
J. Org. Chem., 18, 378 (1953).

(7) N. Chakhovskoy, R. H. Martin, and R. Van Nechel,
Bull. soc. chim. Beiges, 65, 453 (1956).

(8) J. V. Karahinos, G. E. Bartels, and G. E. Kapella, J.
Am. Oil Chemists’ Soc., 31, 419 (1954).

(9) A N. Wrigley, F. D. Smith, and A J. Stirton, J. Am.
Oil Chemists’ Soc., 34, 39 (1957).

ducts having various average degrees of polymeriza-
tion, has been seldom employed for the preparation
of individual glycol ethers.1l

Three methods of synthesis were used in the pres-
ent work: the alkyl halide and alkyl tosylate
methods and the alkali-catalyzed oxyethylation of
alcohols.

Distribution of Products. The distribution of
products is a point of interest in reactions like
oxyethylation. When polymer chains are built up
ideally from a fixed number of propagating units by
a sequence of kinetically identical additions of
monomer, size distribution has been shown by
Floryto be described by Poisson’s formula :13

Although the conditions producing Poisson distri-
bution are indeed found in the reaction of ethylene
glycol with ethylene oxide,¥ reactions in which all
steps are kinetically different, as in the ammonia-
ethylene oxide reaction and the chlorination of
methane, require much more complicated mathe-
matics, as shown by Natta and Mantica.b
Regarding the assumption of kinetic identity of
all steps as ar. oversimplification and the formulas
of Natta as very cumbersome, Weibull and Nycan-
derMsuggested a compromise treatment for the re-
action of an alcohol with ethylene oxide. They pro-
posed that all hydroxyl groups bound to an oxy-

(10) H. F. Drew and J. R. Schaeffer, Ind. Eng. Chem.,,
50,1253(1958).

(11) L. H. Cretcher and W. H. Pittenger, J. Am. Chem.
Soc., 46, 1503 (1924).

(12) P.J. Flory, J. Am. Chem. Soc., 62, 1561 (1940).

(13) E. C. Molina, “Poisson’s Exponential Limit,” D.
Van Nostrand Co., Inc., 1942.

(14) B. Weibull and B. Nycander, Acta. Chem. Scand.,
8,847(1954).

(15) G. Natta and E. Mantica, J. Am. Chem. Soc., 74,
3152(1952).
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TABLE |
Higher wAlkyl Monoethers op Mono- to Tetraethylene Glycol
Method
Glycol of prep- Yield Carbon, % Hydrogen, %

monoether aration® % B.P. Mm. F.P. 7D Calcd. Found Calcd. Found
CiTLsOCiHiOH' C 18 137 2.2 20.3 1.4435s 7298 7293 13.13 13.29
CIHBO0(CHO)HA B 80 127 0.010 19.0 1.4462s 70.02 69.58 12.49 12.54
CiH®(ch b )Hc B 62 153  0.035 17.2 1.4487s 67.88 67.91 12.03 12.21
CitH"OI CiELO),'Hi B 78 166 0.02 20.5 1.4507s 66.25 66.13 11.68 11.82
CiH20CHLOH C 16 132 0.020 31.7 1.4330* 7436 7449 13.26 13.22
CIHO(CHD)H B 80 146 0.02 28.5 1.4352* 7147 7166 12.66 12.92
CHH2XO(C2HD)H B 61 156 0.018 25.2 1.4373" 69.31 69.11 12.22 12.15
CHXO(CHO)H B 70 183 0.018 28.5 1.4390* 67.65 67.39 11.87 11.67
CitH30CHOH A 18 151 1.0 42.4-43.5"  1.4355“ 75.46 75.03 13.37 13.13
CIHZD(CHDO)H B 58 154  0.02 37.0 1.4373" 72.67 7286 1281 12.74
CHHID(CHD)H B 63 172 0.013 30.5 1.4390" 7054 7053 12.38 12.34
ClHD(CHAO)H B 57 193 0.010 35.2 1.4407¢ 68.85 69.08 12.04 12.27
CigH30CHOH/ A 16 — — 51.5-52.5"  1.4381“ 76.37 76.16 13.46 13.65
CIH30(CHO)H A 32 175 0.1 44.8-45.3"  1.4393“ 73.68 7413 1293 13.21
CIH30(CHD)H A 50 187 0.018 42.0 1.4407¢ 7159 7151 1252 12.78
CisH370(CH40)H B 76 214  0.05 40.8 1.4416* 69.90 70.09 1219 12.13

“ A etherification by n-alkyl p-toluenesulfonates; B: by alkyl bromides, C: by reaction of alcohols with ethylene oxide.
" Melting points. c~! Previously reported: c Ref. 5, 7, 10, d Ref. 7, eRef. 7, 10, f Ref. 6.

ethyl group have an equal ability to add ethylene
oxide, differing, however, from that of the parent
alcohol. This led to the following equations:

) (- (2)

,=c¢ln ~ - (c- !

where
Nt = molecule with i added ethylene oxide molecules
m = number of moles of ethylene oxide consumed
ne — number of moles of starting alcohol

no — number of moles of surviving starting alcohol

nt = number of moles of iVj in reaction product

ki = velocity constant for reaction of Ni with ethylene
oxide

ko = velocity constant for reaction of starting alcohol
with ethylene oxide

¢ = Kki/ko = distribution constant

v = m/na = average number of moles of ethylene oxide

per mole of starting alcohol

For the alkali-catalyzed reactions of ethylene gly-
col and of ethanol with ethylene oxide they found
distribution constants ¢ of 1and 2.2 respectively.

Fractional distillation performed in the present
preparation of ethylene glycol monotetradecyl
ether provided data on the distribution of products
for comparison with those required by the Pois-
son and the Weibull-Nycander equations.

EXPERIMENTAL

Materials. Good commercial grades of 1-dodecanol, tetra-
decanol, hexadecanol, and octadecanol were purified by
fractional distillation and crystallization. n-Octadecyl and
n-he.xadecyl p-toluenesulfonates were made by the tosyl
chloride-pyridine methodi6from the alcohols. Eastman grade

(16) D. A Shirley and W. H. Reedy, J. Am. Chem
Soc. 73,458(1951).

re-dodecyl, tetradecyl, hexadecyl, and octadecyl bromides
were found to have satisfactory purities and were used with-
out further purification. Mono- to tetraethylene glycols
were fractionally redistilled, and middle fractions with satis-
factory refractive indices were used in synthesis. Commer-
cial ethylene oxide of stated 99.5% purity was used.

Etherification by means of tosylates. For four ether alcohols
the method of Shirley, Zietz and Reedy6 was employed
except that a higher ratio of glycol to alkyl tosylate was
used. For ethylene glycol mono-ra-hexadecyl ether, di- and
tri-ethylene glycol mono-n-octadecyl ether, 10 mol. of
glycol were used per mole of tosylate; for ethylene glycol
mono-n-octadecyl ether, 5mol.

Etherification by means of alkyl bromides. The preparation
of tetraethylene glycol mono-n-octadecyl ether will serve as an
example. With stirring, under a blanket of nitrogen, 8.28
g. (0.36 g.-atom) of sodium was dissolved, one small piece
at a time, in 583 g. (3 mol.) of tetraethylene glycol at about
100°. After immersion of the flask in a 140° bath, 100 g.
(0.3 mol.) of n-octadecyl bromide was added during 40 min.
with vigorous stirring. After 5.5 hr. at this temperature, the
reaction mixture diluted with xylene was neutralized and
washed five times with hot water. Vacuum distillation
through a Vigreux column gave a 76% yield of tetraethylene
glycol mono-n-octadecyl ether. As noted in Table I, ten
ethers were prepared by this method. The method has since
provided intermediates for the synthesis of individual ether
alcohol sulfates.&

Etherification by reaction of alcohols with ethylene oxide.
Ethylene glycol mono-n-telradecyl ether. In a 1 1, three
necked flask,91.06 g. of sodium was dissolved with heating
at 80-185° under a nitrogen atmosphere in 428.76 g. (2
mol.) of n-tetradecanol. At a temperature of 170-175°, this
solution was stirred in an atmosphere of ethylene oxide for
3 hr., when weight increase indicated the reaction of 92.9
g. of ethylene oxide, or 1.055 mol. of ethylene oxide per mole
of tetradecanol.

The reaction mixture was neutralized with the calculated
amount of concentrated hydrochloric acid, dried, and filtered
to give a colorless liquid, 481.5 g. of which was vacuum dis-
tilled through a protruded packing column having about
35 theoretical plates.’8 Refractive indices at 60° were

(17) J. K. Weil, R. G. Bistline, Jr., and A. J. Stirton,
J. Phys. Chem., 62, 1083 (1958).

(18) M. S. Peters and M. R. Cannon, Ind. Eng. Chem.,,
44,1452(1952).
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Fig. 1 Fractional distillation of oxyethylatcd tetra-
decanol (v = 1.055): refractive index and freezing point vs
fraction number

measured on a refractomcter having a precision of about
0.00003, and freezing points were measured in the cylin-
drical tubes used as fraction receivers.

From the curves of refractive index and freezing point
plotted against fraction number (Fig. 1), fractions 16 to
22 were considered to be almost entirely ethylene glycol
mono-«-tetradecyl ether, amounting to 74.7 g. (16% Yyield
based on tetradecanol and adjusted for use of less than total
reaction product in the distillation).

Distribution of products from oxycthylation. In order to
examine the results of the reaction in the manner of Weibull
and Nycander, it was first necessary to adjust the weights
of reactants to reflect the fact that the fractional distillation
was applied to 481.5 g. rather than to the entire reaction
product, exclusive of sodium, of 521.7 g.

The weights (and number of moles) of the major com-
ponents of the mixture resulting from oxyethylation of
tetradecanol were estimated with the help of the plot of re-
fractive index and freezing point vs. fraction number (Fig. 1).
In general, the composition of intermediate fractions was
estimated by interpolation of refractive indices; in a few
cases assignments were somewhat arbitrary. The estimated
amounts of uncombined tetradecanol and the mono-, di-, and
triethylene glycol mono-n-tetradecyl ethers are collected in
Table 11.

The distribution constant c is calculated from both equa-
tion 2 (when it is designated c¢') and from equation 3 (when
designated ¢") Thus, for v = 1.0549 and n</n,, = 0.5183,
c' = 3.2668 —3.27.

For the calculation of c", i is taken as having the value 1,
and equation 3 reducesto:

which can be solved by successive approximations, as c¢" =
28186 2.82.

The values 3.27 for ¢' and 2.82 for ¢" suggest a mean
value of about 3.0 for the distribution constant.

(19) B. Weibull, private communication.
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TABLE 11

Composition 0r Fractions: Amount of Components,
ROfCELCFLOhIH, Indicated in Distillation of Tetra-
decanol-E thylene Oxide Reaction Product

Individual component,

Frac"lion RO(CH2CH20)iH

I No. wt., g Wt,g nt rii/n,,
0 1-5 72.7 65.43
6-13 132.7 132.70
14 10.8 5.94
15 11.6 1.04

0.9568 0.5183
| 14 10.8 4.86
15 11.6 10.56
16-22 74.70 74.70
23 10.59 4.24
24 11.19 0.45

0.3669 0.1988
2 23 10.59 6.35
24 11.19 10.74
25-26 32.24 32.24
27 13.16 11.71
28 4.46 3.21
29 4.28 2.01
30 4.75 1.14
31 4.00 0.84

0.2256 0.1222
3 27 13.16 1.45
28 4.46 1.25
29 4.28 2.27
30 4.75 3.61
31 4.00 3.16
32-34 8.69 8.69
35 14.84 12.47

0.0949 0.0514
4 35 14.84 2.37

Using this value for c, a theoretical value of el = 0.5062

is found by successive approximation in equation 2, and is
used in equation 3 to permit calculation of theoretical values
of JUraco, m/n”, and ra3 n rafor inclusion in Table I11.

DISCUSSION

Physical constants. The boiling points, freezing
points, and refractive indices found for the sixteen
ether alcohols synthesized in this study are col-
lected in Table I.

In Fig. 2 the freezing points (in three cases the
melting points) are plotted against the number of
oxyethyl groups, i, added to a given alkyl group.
In the dodecyl, tetradecyl, and hexadecyl series,
minimum freezing points occur for the triethylene
glycol derivative. The apparent leveling off in the
plot of the octadecyl series suggests that a minimum
freezing point in that series may occur at or shortly
after the fourth member.

Solubility of the glycol monoethers. At the arbi-
trary ratio of 0.10 g. of glycol ether to 2.5 ml. of
solvent, three typical products, glycol monoocta-
decyl, triglycol monotetradecyl, and tetraglycol
monododecyl ether, were insoluble in water, both at
room temperature and at 75°, but soluble in ben-
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TABLE 111
Alkali-Catalyzed Oxyethylations of Fatty Alcohols, Distribution of Compounds in Reaction Product
n-Fatty Alcohol: Tetradecanol Dodecanol Ilexadecanol
Wt., ROH, g. 395.72 369 112
Ethylene oxide, g. 85.74 101 60
Catalyst 0.978 g. Na 1.85 g. KOH 0.56 g. KOH
Temperature 170-175° 155-160° 130-150°
v 1.055 1.15 3.0
Experimental or Theoretical*
Theoretical Exptl. WN FP Exptl. Exptl.
nosn . 0.518 0.506 0.348 0.46 0.24
nis ria, 0.199 0.188 0.367 0.21
nisnm 0.122 0.150 0.194 -
nanm 0.051 0.090 0.068
v 2 0.890 0.934 0.977 0.67 0.24
~ nm
0.51.6 0.717 0.909 0.18 0.000
~ vn,
c' 3.27 2.5 3.4
c" 2.82 2.5
c 3.0 1) 2.5
“ Theoretical distributions are calculated by Weibull-Nycander and by Flory-Poisson equations as indicated

NUMBER OF OXYETHYL UNITS, i

Fig. 2. Freezing points (or melting points, m.p.) of
mono- to tetraethylene glycol mono-n-dodecyl, tetradecyl,
hexadecyl, and octadecyl ethers

zene, carbon tetrachloride, and ethanol. In isooc-
tane, clear solutions were obtained except for glycol
monooctadeeyl ether at room temperature and tet-
raglycol monododecyl ether at 75°.

Dilute mixtures (0.025 to 0.30%) of tetraethylene
glycol monododecyl ether and water became clear

when cooled to temperatures near 0°, and cloud
pointsDof 9.5 to 5.2° were found. Clarification by
cooling is probably related to the strengthening of
hydrogen bonds between ether-alcohol and water.

Infrared spectra. Infrared spectra of the sixteen
mono- to tetraethylene glycol monoethers synthe-
sized in this study possessed major bands corre-
sponding to the structures expected and found in
related work.7

By dipole measurements evidence has been ad-
duced for the coexistence of both trans and gauche
forms of mono- to heptaethylene glycol,@ and
Kuroda and Kubo2Z have reported that certain
infrared bands between 800 and 1000 cm.* 1 (meas-
ured on the pure liquids) reflect these trans and
gauche conformations. A comparison made in Table
IV of values from the work cited and appropriate
spectra of the present glycol monododecyl ether
series suggests that these ethers also exist in the
liquid state in both gauche and trans conforma-
tions.

Distribution of products from oxyethylation. It is
evident from Table 11l and Fig. 3, that there is
disagreement between the experimental distribu-
tion of products from the alkali-catalyzed oxyethyl-
ation of tetradecanol to an average of 1.055 oxy-
ethyl groups and the Flory-Poisson distribution
calculated for the same degree of polymerization.
Whereas the Poisson formula predicts slightly more

(20) J. M. Cross, Proc. Chem. Specialties Mfrs. Assoc.,
135 (June, 1950).

(21) T. Uchida, Y. Kurita, N. Koizumi, and M. Kubo,
J. Polymer Sei., 21, 313 (1956).

(22) Y. Kuroda and M. Kubo, J. Polymer Sei., 26, 323
(1957).

(23) Y. Kuroda and M. Kubo, ¢/. Polymer Sei., 36, 453
(1959).
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TABLE IV

Comparison of Spectral Bands Due to CH2 Rocking
Frequencies of Mono- to Tetraethylene Glycol“ with

Bands Found in Infrared Spectra of the Corre-
sponding Mono-m-Dodecyl Ethers (Liquid State)6
Gauche Form Trans Form
i A B A, B.
H(OCHZXH2)OH“
1 - 883 863 -
2 922 896 816 1000
3 934 888 830 1000
4 942 889 831 1000
@) (947) (887) (844)  (1000)
r-CIHHOCHZH2){OH
1 920 894 865° -
2 935 890 830 -
3 937 888 844c %_8
4 940 885 841% 1000e

0 Data of Kuroda and Kubo.2 6Frequencies given in
cm.-1. ¢ Shoulder. d Weak.

NUVBER OF OXYETHYL UNITS, i

Fig. 3. Experimental distribution of products in oxy-
ethylation of tetradecanol to v = 1.055 compared with
theoretical Poisson distribution and with Weibull-Nycander
distribution calculated for ¢ = 3

ethylene glycol monotetradecyl ether than recov-
ered parent alcohol, there was actually found over
50 mole per cent of the parent and only 20 mole per
cent of the first glycol ether.

Treated in the Weibull-Nycander way, the ex-
perimental results suggest distribution constants
¢' and c" of 3.27 and 2.82. The experimental distri-
bution agrees fairly well with a theoretical Weibull-
Nycander distribution calculated for ¢ = 3.0. The
agreement is good for i = 0 and 1and, though less
close, still fairly satisfactory at i = 2 and 3. Exces-
sive pot temperatures in the equipment employed
prevented continuing the distillation much into the
i —4 region.

The sum of experimental values of njn” fori =
0 to 3 amounts to 0.89, whereas theoretical recov-
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Fig. 4. Theoretical distribution of products of oxy-
ethylation calculated by equations of Weibull and Nycander
for c = 3, and v = 1 (solid curve X) or 3 (solid curve Y).
Dotted curves Aand B show distributions required by Flory-
Poisson equation forv = 1or 3

ery at the same stage would be 0.93 if calculated by
the Weibull-Nycander equations and 0.98 by the
Poisson formula. For the sum of values of injvn,,
the experimental is again closer to the Weibull-
Nycander than to the Poisson total. Discrepancies,
magnified in this second test, may reflect incom-
plete recovery of derivatives having i = 2 and 3.
In spite of the imperfections noted, it seems reason-
able to recognize a Weibull-Nycander distribution
and to accept a distribution constant in the neigh-
borhood of 3 for the alkoxide-catalyzed reaction of
tetradecanol with ethylene oxide under the condi-
tions employed.

For comparative purposes the table lists some
data available from distillations incidental to the
preparation of ethylene glycol mono-n-dodecyl ether
and of a parent-alcohol-free oxyethylate of n-hexa-
decanol. The indicated distribution constants of 2.5
and 3.4 support the order of magnitude found for
the tetradecanol experiment.

Flory-Poisson distribution has been found valid
for oxyethylation of ethylene glycol,4 phenols,2B5
and stearic acid,Bin the last two cases because of
the preferential combination of the parent com-
pound with ethylene oxide before significant fur-
ther reaction of the ether alcohols.92Z7 The present
results indicate, however, that oxyethylation of
long-chain primary alcohols results in Weibull-
Nycander distribution as established for ethanol4
rather than Poisson distribution as assumed for
lauryl alcohol. B

(24) S. A Miller, B. Bann, and It. D. Thrower, J. Chem.
Soc., 3623(1950).

(25) It. L. Mayhew and It. C. Hyatt, J. Am. Oil Chem-
ists’ Soc., 29, 357 (1952).

(26) It. L. Birkmeier and J. D. Brandner, Agric. and Food
Chem,, 6, 471 (1958).

(27) L. Schechter and J. Wynstra, Ind. Eng. Chem., 48,
86(1956).

(28) J. V. lvarabinos and E. J. Quinn, J. Am. Oil Chem-
ists’Soc., 33, 223 (1956).
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Comparison of theoretical Wcibull-Nycander and
Poisson distributions. It is of interest, therefore, to
compare, in Fig. 4, theoretical distributions calcu-
lated by the two methods at degrees of oxyethyla-
tion of 1and 3. In a Poisson distribution (c by defini-
tion equal to 1), even at v = 1the predicted frac-
tion of surviving parent compound (%i0A O is no
higher than that of any oxyethylated derivative.
In fact, on passingto v = 3, is smaller than
ni~-Jne.

By contrast, Weibull-Nycander distribution
(with ¢ = 3, let us say) requires that the fraction of
surviving alcohol in each case exceed that of any
oxyethylated descendant. The maxima of the curves
are broader and weaker than for the Poisson for-
ula. There are minima, or a tendency toward a mini-
mum, at 1=1, reflecting the preferential consump-
tion of the oxyethylated derivatives compared to
the parent alcohol.

Acidity and Nucleophilicity. In alkaline-cata-
lyzed reactions the distribution constant has been
regarded as the product of two factors, one measur-

AND HOWARD VOL. 25

ing the acidity of the derivative hydroxyl groups
compared to the parent, the other, the relative reac-
tivity of derivative and parent anions toward
ethylene oxide.4Ethoxyethanol has been shown to
have a relative acidity of 12 compared to 0.95 for
ethanol. DA reversal of the order of relative nucleo-
philic reactivities of derived and parent anions is to
be expected, and initial rates of oxyethylation
were indeed higher for ethanol than for ethoxyetha-
nol. ¥ Preliminary attempts by the present authors
to measure the separate oxyethylation reactivities
of dodecanol and diethylene glycol monododecyl
ether, catalyzed by potassium alkoxide at 120°, sug-
gest a ratio of 1.5to 1in favor of the former.
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(29) J. lNine and M. Him;, J. Am. Chcm. Soc., 74, 5266
(1952).
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Notes

An Intermediate in the Grignard Reaction!
George|.Fuﬁmot02and Kenneth D. Zwaiieen3

Received September 30, 1959

In the Grignard reaction for the introduction of
isotopic carbon into the cholestenone nucleus we
obtained a crystalline intermediate (A), melting
at 174-178°, which gave an analysis corresponding
to a methyl adduct to the enol lactone (1).4 This
intermediate was obtained after mild hydrolysis of
the Grignard product in almost quantitative yield.
Infrared data indicated the presence of a hydroxyl
(3600 cm.-1) and a ketone (1720 cmrd group.
Treatment with acid or alkali converted it to
cholestenone (11).

Intermediate A

The identical intermediate (A) was obtained
upon treatment of the enol lactone | with excess
dimethylcadmium, although in lesser yield. It
would appear that the mode of addition of the
methyl Grignard reagent and of dimethylcadmium
to the enol lactone and rearrangement is similar.

The following are the several formulations for
the intermediate (A) which are considered on the
basis of our findings and those of several other
investigators. The evidence establishes structure
Il (3-hydroxy-4,5-seco-3,6-cyclocholestan-5-one)
for this methyl adduct-.5 Our studies with model
systems for this reaction further substantiate
this structure.6

(1) Presented at the Meeting-in-Miniature of the New
York Section, American Chemical Society, March 20, 1959.
This investigation was supported in part by research grants
from the National Institutes of Health, Public Health
Service.

(2) Inquiries should be sent to the Albert Einstein Col-
lege of Medicine, Yeshiva University, New York 61, N. Y.

(3) Present address: Shell Chemical Company, Modesto,
Calif.

(4) G. I. Fujimoto, J. Am. Chem. Soc., 73, 1856 (1951).

(5) Evidence for this structure was first presented at the
XIVth International Congress of Pure and Applied Chemis-
try, Zurich, Switzerland, July 1955.

(6) K. D. Zwahlen, W. J. Horton, and G. |. Fujimoto,
J. Am. Chem. Soc., 79, 3131 (1957).
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A department for short papers of immediate interest.

The diketone 1V has been synthesized by Schmid
and Kagi7 by an independent method and also
isolated by Heard and Ziegler8 and shown to have
quite different properties (a colorless oil, [«ld
+ 60° in chloroform) from intermediate A. These
findings and the fact that this structure could not
account for the presence of a hydroxyl peak in the
infrared would eliminate structure IV as the in-
termediate A.

The hemiacetal structure V has been proposed
by Heard and Ziegler8 who also prepared this in-
termediate by the Grignard method (they reported
m.p. 164-175°, [a]|f +10° in chloroform). They
based their structure on the evidence of a positive
tetranitromethane test indicating presence of un-
saturation and on conversion of this intermediate
to the diketone IV on vacuum distillation. They
ascribed the ketone peak in the infrared spectrum
of this intermediate to contamination mainly by
the diketone IV.

When we purified our sample of intermediate A
further by chromatography and recrystallization,
we obtained material melting at 176-178°, [a]n
+ 145 in chloroform. The ketone and hydroxyl
peaks in the infrared remained pronounced. A
tetranitromethane test on this sample was negative.
This indicated that the compound does have both
hydroxyl and carbonyl functions and lacks unsatu-
ration. Further evidence against structure V lies
in the absence of an enol ether peak in the region
of 1665 cm.-1 in the infrared spectrum.9

The arguments against structure VI for inter-
mediate A are two-fold. A steroid 3-ketone would

(7) H. Schmid and K. Kagi, Helv. Chini. Acta, 33, 1582
(1950).

(8) R. D. H. Heard and P. Ziegler, J. Am. Chem. Soc.,
73, 4036 (1951).

(9) H. Rosenkrantz and M. Gut, Helv. Chim. Acta, 36,
1000 (1953).
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be expected to form derivatives fairly readily.D
This has not been our experience with intermediate
A. It failed to form either a semicarbazone or an
oxime under the usual mild conditions1l and only
the starting substance (A) was recovered

When the ketone function in intermediate A was
reduced with lithium aluminum hydride, a di-
hydroxy product was obtained which could not be
acetylated when treated with acetic anhydride
and pyridine (vide infra). If a steroid 3a- or 33
hydroxyl group had been formed, it would have
been expected to acetylate readily under these
conditions.D

Structure 111 does satisfy the experimental ob-
servations for the intermediate A. Molecular model
of structure 111 shows that the ketone is in a some-
what hindered, bridged position and would not be
expected to form derivatives easily. This would
account for the failure to form a semicarbazone or
an oxime.

The hindered nature of the hydroxyl groups in
the product (mixture of isomers V1) of the lithium
aluminum hydride reduction of intermediate A
is consistent with formulation I1l1. As mentioned
above, the diols V11 failed to acetylate on standing
overnight in acetic anhydride and pyridine. How-
ever, when the diols were treated with p-toluene-
sulfonic acid in benzene and acetic anhydride, an
oil was obtained from which was isolated in over
50% yield an unsaturated acetate (VIII, m.p.
74.5-75.5°). This substance gave a positive tetra-
nitromethane test.

A cyclic sulfite ester (IX) of the type obtained
in our previous worké resulted from treatment of
the diol mixture VIl with thionyl chloride in ben-
zene and pyridine. Efforts to obtain optimal
yields of 1X were not attempted, but indications
are that the isomer Vlla is probably a major product
of the hydride reduction. It appears that both I11
and VI consist of a mixture of 3a- and 3/3-hydroxyl
isomers and that the 3/3-hydroxyl is the prepon-
derant one.

(10) See for example Fieser & Fieser, Natural Products
Related to Phenanthrene, Reinhold Publishing Corp., New
York, N. Y., 1949, p. 125,

(11) Cf. Shriner and Fuson, ldentificatior. of Organic Com-
pounds, 3rd Edit., J. Wiley & Sons, Inc., New York, 1948,
pp. 170 and 202.
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Further support for the structure 111 comes from
the interpretation of the nuclear magnetic reson-
ance spectrum of this intermediate.22This spectrum
indicates that:

1. The resonance peak for a proton on a double
bond (as would be required for structure V) is
absent.

2. The C-19 methyl peak is shifted appreciably
from the position for the corresponding peak in
cholesterol, although the C-18 methyl peak is in
the identical position for both. This would favor
structure 11 over VI since the C-19 methyl in VI
would be expected to have a peak like cholesterol.

3. An additional methyl peak to the number
found in cholesterol is present in the spectrum.
When the sample is dissolved in pyridine this
chloroform-d methyl peak shifts towards lower
field about 8 c.p.s., while dissolving cholesterol in
pyridine has only a slight effect on the positions
of the methyl peaks.

4. This extra methyl group is attached to a
carbon bearing no protons.

The above findings are consistent only with struc-
ture 111.

EXPERIMENTALI13

S-Hydroxij-4,d-seco-3,6-cyclocholeslan-5-one (I11). Dimeth-
ylcadmium in benzene was prepared according to Cason}4
from methylmagnesium bromide (0.24 g. of magnesium)
and 1.00 g. of cadmium chloride. A solution of 1.00 g. of
5-hydroxy-3,5-seco-A-norcholest-5-en-3-oic acid lactone (1)
in 25 ml. of benzene was added, and the mixture was refluxed
for 3 hr. with stirring. It was then allowed to stand overnight
at room temperature. To it was added 50 ml. of ice water
and 3 ml. of dilute hydrochloric acid, the layers were
separated and the aqueous solution extracted with ether.
The organic solutions were combined and weshed several
times with water, dried over sodium sulfate, and the solvents
distilled. The pale yellow oil (0.92 g.) obtained was dissolved
in hexane and chromatographed on 40 g. of silica. The frac-
tion in the 10% butanone in hexane eluate weighed 0.30 g.
(29%) m.p. 140-174°. A single crystallization from acetone
gave a melting point of 174-176° and material for analysis
melted at 176-178°, undepressed when mixed with I11 from
the Grignard reaction.4

4,B-Seco-3,6-cyclocholestan-3,5-diol (V11). A suspension of
3.00 g. of I1l in 50 ml. of ether vers added to a slurry of
0.50 g. of lithium aluminum hydride in 50 ml. of ether.
After 1 hr. a slight excess of water was added dropwise, the
ether was decanted, and the salts were washed several times
with ether. Distillation of the ether in vacuo and crystal-
lization of the residue from acetone-methylene chloride
gave 1.59 g. of VII (53%) m.p. 188-193°. After several
crystallizations from ether-acetone a sample melted at
189-194°.

Anal. Calcd. for C27TH® 2: C, 80.14; I, 11.95. Found:
C, 80.24; H, 12.02.

Dehydration and acetylation of V11 to yield VI11. A solution
of 0.50 g. (1.25 mmol.) of VII and 0.24 g. of p-toluenesul-
fonic acid monohydrate in 10 ml. of benzene and 10 ml. of

(12) The assistance of Dr. J. N. Shoolery of Varian
Associates in obtaining and interpreting the NMR spec-
trum is gratefully acknowledged. The sample was run in
chloroform-d and also in pyridine at 60 Me.

(13) Melting points have been taken on a Ivofier hot stage
and are corrected.

(14) J. Cason, J. Am. Chem. Soc., 68, 2079 (1946).
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acetic anhydride was allowed to stand at room temperature
overnight. After addition of 0.21 g. (2.5 mmol.) of sodium
acetate the solvents were removed in va.no. The residue was
collected in ether and the ether was filtered and evaporated.
The residual oil crystallized from acetone at —80°; m.p.
50-56° (0.30 g., 57%). After crystallization from methanol
VI melted at 71-74°. Further crystallization from the
same solvent gave a sample melting at 74.5-75.5°.

Anal. Calcd. for C2sH«02 C, 81.25; H, 11.29. Found:
C, 80.98; H, 11.31.

The test for unsaturation with tetranitromethane was
positive. When the diols VII was allowed to stand in
pyridine-acetic anhydride overnight, only unchanged VII
was recovered.

Cyclic sulfite ester 1X of Vila. A solution of 1.20 g. of diol
VII in 45 ml. of benzene with 1 ml. of thionyl chloride and 3
drops of pyridine was allowed to stand 2 hr. at room tem-
perature. Removal of the solvents in vacuo gave a dark brown
tar. From an ethanol extract of the tar a pale yellow oil
was obtained which was chromatographed on 50 g. of silica.
The benzene oluate weighed 0.130 g. and melted at 136-
139°. Several crystallizations from methanol-acetone and
finally from acetone gave a sample of X melting at 139-
141.5°.

Anal. Calcd. for C27HI® iS: C, 71.95; H, 10.29. Found:
C, 72.42; H, 10.17.

Treatment of 1X with alcoholic potassium hydroxide
regenerated the diol Vila.

Departments of Biochemistry
Albert Einstein Colleoe of Medicine
Yeshiva University
E astciiester Road and Morris Park Avenue
New York 61, N. Y.

AND
University of Utah College of Medicine
Salt Lake City, Utah

Structure of a Supposed
Tetraphenylcyclobutane

Thomas S. Cantrell and John L. Kice

Received October 19, 1959

Recently Morton, Flood, and Brightl reported
the isolation of a hydrocarbon CM12 (I) which

cthb

butanes with A-bromosuccinimide, and by chance,
we happened to choose their compound for study
rather than the other previously reported iso-
mers.23

Compound | readily underwent reaction with
two moles of .V-bromosuccinimide in refluxing
carbon tetrachloride to yield a very labile dibromide
which decomposed on further refluxing of the solu-
tion to afford hydrogen bromide and a brilliant
yellow hydrocarbon, CajHzo (I1). 11 was obtained
in about 40% yield and was shown to be 1-benzyl-
idene-2,3-diphenylindene by comparison with an
authentic sample of this benzofulvene prepared
from tetraphenylbutadiene by the usual routesbs
(Eq. Ib). Although this result (Eg. la) is not mech-
anistically incompatible with the formulation of |
as a tetraphcryXkyelbbutane, as witness Eq. 2,
some question arose concerning the structure of |
when we learned from Dr. Emil White6 that the
other isomers2: of 1,2,3,4-tetraphenylcyclobutane
do not behave in this fashion.

The reported6 m.p. of one of the geometric iso-
mers of 1,2,3,4-tetraphenyl-l-butene is the same
as that of I, and since treatment of this tetraphenyl-
butene with two molesof N-bromosuccinimide might
be expected to give the dibromide (I11) which yields
Il on decomposition, we synthesized6a sample of
this olefin for comparison with I. The synthetic
sample of 1,2,3 4-tetraphenyl-I-butene was identi-
cal in every respect with 1. It is thus clear that |
is one of the geometric isomers of 1,2,3,4-tetra-
phenyl-l-butene rather than a tetraphenylcyclo-
butane.

Morton, Flood, and Brightlisolated | (15%) as
a by-product of the formation of stilbene (80%)
from the reaction of benzyl chloride with excess
potassium amide in liquid ammonia. It seems pos-
sible that | may arise from some such side reaction
as 3:

CHs Br HOACc

| Br, . l
(Ib) CEHLH=C—C=CHCeH5 " CACH—C=C—Chch5

!
cthb

they believed to be a previously unreported isomer
of 1,2,3,4-tetraphenylcyclobutane. We were in-
terested in investigating the reaction of such cvclo-

(1) J. M. Morton, E. A. Flood, and N. F. H. Bright,

Can. J. Chem,, 35, 1097 (1957).

Br CeH5
(1ia)

(2) M. Pailer and U. Miller, Monatsh., 79, 615 (1948).

(3) J. D. Fulton and J. D. Dunitz, Nature, 160, 161
(2947).

(4) A. Orechoff, Ber., 47, 89 (1914).

(5) E. H. White, private communication.

(6) E. Bergmarm, D. Winter, and W. Schreiber, Ann.,
500,122 (1933).
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Cets
CHITH :(:I—CH—SHCeHs @)
CeHs

EXPERIMENTAL

Preparation of I. The reaction of benzyl chloride with
excess potassium amide was carried out in the manner de-
scribed by Morton, Flood, and Bright.1 We found it less
tedious to separate | from the majority of the stilbene
formed by fractional sublimation rather than fractional
crystallization as used by the Canadian authors. Sublima-
tion of 5-g. batches of the hydrocarbon mixture at 0.5 mm.
(furnace temp., 130°) removed the major portion of the
stilbene. Recrystallization of the partially purified 1 so
obtained from ethanol gave pure I, m.p. 119-150° (lit.1
149-150°). The ultraviolet absorption spectrum of | in
isooctane showed Xral = 260 m/i (log e 4.19).7

Reaction of | with N-bromosuccinimidc. In 20 ml. of carbon
tetrachloride was dissolved 1.50 g. of I, 150 g. of A-bromo-
succinimide, and about 20 mg. of benzoyl peroxide. The
solution was refluxed for 6 hr. under nitrogen. A slow stream
of nitrogen was passed through the solution during the
reaction, and the exit tube of the condenser was connected
to a trap containing acidic aqueous silver nitrate. No hydro-
gen bromide was evolved during the first hour of reflux, but
after about 1.5 hr. hydrogen bromide began to be evolved.
At the end of 5 hr. hydrogen bromide evolution had ceased.
At the end of the reflux period the solution was cooled, the
succinimide removed by filtration, and the solvent removed
under reduced pressure. The viscous residue was chro-

(7)  The identity of the ultraviolet spectra of | as pre-

pared by us and as reported by Morton el al.1leaves no
doubt that despite our slightly different method of purifica-
tion we are dealing with the same compound. The Canadian
authors mentioned that the extinction coefficient for |
seemed anomalously high for a tetraphenylcyclobutane.
On the other hand it is perfectly reasonable for a tetra-
phenylbutene. The position of the Xrax for 1 (260 m*) is
undoubtedly due to the fact that coplanarity of the phenyl
groups is sterically prevented in both the geometric isomers
of 1,2,3,4-tetraphenyl-I-butene.

|
Br

(1lia)

matographed on 80 g. of acid-washed alumina. Elution with
2:1 hexane-benzene gave 0.92 g. of orange solid. Recrystal-
lization of this material from benzene-hexane gave 0.59 g.
(40%) of 1, m.p. 172-173°. An additional recrystallization
gave purer 11, brilliant yellow needles, m.p. 176-177°.

Anal. Calcd. for CalRo'". C, 94.34; H, 5.66. Mol. wt. 356.
Found: C, 94.17: H, 5.80. Mol. wt. (Signer) 360. Ultraviolet
absorption spectrum in isooctane: Xm* 332 mg, 286 mp,
240 mM(log ¢ 4.03, 4.32, 4.38).

In another experiment the solution was refluxed for only
1 hr. instead of 6. The solution was then cooled, the suc-
cinimide filtered off, and the solvent removed under reduced
pressure. The semisolid residue was recrystallized from
hexane-benzene, pale yellow needles, m.p. 153° (dec.).
Analysis for bromine indicated this rather labile substance
was a dibromide (although apparently not entirely pure
since the analysis showed somewhat less than the calcu-
lated amount of bromine). Refluxing a solution of this
dibromide in toluene for 1hr. gave a quantitative conversion
to Il.

Preparation of I-benzylidene-2,3-diphenylindenc and com-
parison with 11. 1,2,3,4-Tetraphenyl-1,3-butadiene, prepared
by the method of Smith and Hoehn,8was brominated to
give I11, and 111 was subsequently cyclized to 1-benzylidene-
2,3-diphenylindene by the procedures described by Orechoff.4
After recrystallization the benzofulvene melted at 183-
184°. The infrared and ultraviolet absorption spectra of this
authentic sample of I-benzylidene-2,3-diphenylindene were
identical with those of Il. The slightly lower melting point
of Il (176-177°) is apparently due to the presence of an
impurity in the benzofulvene prepared by the Ar-bromo-
succinimide route, since a mixture of Il and authentic
I-benzylidenc-2,3-diphenylindene also melted at 176-177°.
This fact together with the identity of the spectra seems to
establish clearly that Il and I-benzylidene-2,3-diphenyl-
indene are indeed the same compound.

Preparation of 1.2,S,4-telraphenyl-l-butene and comparison
with I. A sample of the 150°-melting isomer of this olefin
was prepared by the method described by Bergmann, Winter,
and Schreiber.6 This involves the addition of benzvimag-
nesium chloride to a-benzyldesoxybenzoin, followed by
dehydration of the resulting carbinol. The 150°-isomer is
separated from the other olefins formed by fractional
crystallization. 1t was recrystallized from ethanol, m.p.
148-149°, mixed m.p. with I, 148-149°. The infrared spec-
tra of | and the tetraphenylbutene were completely super-
imposable as were the ultraviolet absorption spectra. It is
thus definite that Morton et al.’s tetraphenylcyclobutane
(1) is in fact one of the geometric isomers of 1,2,3,4-tetra-
phenyl-I-butene.

(8) L. I. Smith and H. H. Hoehn, J. Am. Chem. Soc.
63, 1184 (1941).
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The a-benzyldesoxybenzoin required in the above syn-
thesis was prepared by alkylation of desoxybenzoin with
benzyl chloride in the presence of sodamide in liquid am-
monia using the general procedure developed by Hauser9
for such alkylations.

Department of Chemistry
University of South Carolina
Columbia, S. C.

(9) C. R. Hauser and T. M. Harris, J. Am. Chcm. Soc.,

81, 1161 (1959).

Diels-Alder Reactions with
Dihydronaphthalenes:

N. C. Deno and Harry Ciiafetz

Received November 2, 1951)

It had been shown that 1,2-dihydronaphthalene
reacts with 2,4-hexadienoic acid (sorbic acid) to
give a phenanthrene derivative | in 18% yield.2
This reaction has now been extended to 7-meth-
oxy-l,2-dihydronaphthalene and 1-methyl-3,4-di-
hydronaphthalene. In both cases the Diels-Alder
reaction with 2,4-hexadienoic acid gave low yields
of noncrystalline gums. These two products were
shown to be primarily structures Il and IIl re-
spectively by degradation of Il to I-methyl-7-
methoxyphenanthrene and 111 to 1-methylphen-
anthrene. The crude products may have been mix-
tures of isomers. The position of the double bond
was not determined.

one double one double
bond HOOCA bond
ch3
Y "ch3 nor V  jCH3
r ? J
. R=H in
I. R = CHsO

The structural isomer formed in these reactions
is analogous to that formed when 2,4-hexadienoic
acid reacts with styrene and its derivatives.2
In all of these reactions, the number two carbon
atom of 2,4-hexadienoic acid bonds to the e
carbon of the phenylolefin system and the number
five carbon atom bonds to the /3-carbon of the
phenylolefin.

EXPERIMENTAL

7-Methoxy-1,2-dihydronaphthalene  plus  2,4-hexadienoic
acid. 7-Methoxy-1,2-dihydronaphthalene was prepared by
the following sequence: jS-Naphthol was hydrogenated to
1,2,3,4-tetrahydro-6-hydroxynaphthalene by the method of
Stork.3 The conversion to the methyl ether was effected
with methyl sulfate.4 Oxidation with lead tetraacetate and

(1) Grateful acknowledgment is made for the support
of this research by the Bristol Laboratories Inc., Syracuse,
N. Y.

(2) N. Deno, J. Am. Chem. Soc., 72, 4057 (1950).

(3) G. Stork, J. Am. Chem. Soc., 69, 576 (1947).

(4) V. C. Burnop, G. M. Elliot, and R. P. Linstead,
J. Chem. Soc., 727 (1940).
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thermal removal of acetic acid gave 7-methoxy-l,2-dihydro-
naphthalene.6

7-Methoxy-l,2-dihydronaphthalene was treated with 2,4-
hexadienoic acid in a manner similar to that used with 1,2-
dihvdronaphthalene.2 Dimethylaniline was added to the ex-
tent of one-fourth the total weight of the reactants and 2%
by weight of hycroquinone was also added. An atmosphere
of carbon dioxide was employed. Variation in the ratio of
reactants from equimolar to 1:2 and 2:1 seemed to have
little effect. Raising the temperature of the reaction from
140° to 190° increased the yield of distillable product from
6 to 12.5% and lowered the yield of acidic copolymer from
35 to 12%. The runs were held at these temperatures for
100to 150 hr.

The product Il was collected as a hard, yellow gum, b.p.
150-200° (1 mm.). The neutral equivalent was 274, which
agrees with 272 which is that calculated for CnlUoCh.

The carbon skeleton of the adduct was indicated by its
degradation to I-methyl-7-methoxyphenanthrene. A mixture
of 0.95 g. of adc.uct and 0.4 4. of 10% palladium-carbon
catalyst was heated for 20 min. at 300-315° in a carbon
dioxide atmosphere. The crude product was dissolved in
acetone and the catalyst was removed by filtration. The
acetone was replaced by benzene and the solution washed
with aqueous alkali. After evaporative distillation and
recrystallization of the distillate from methanol, 40 mg.
(5%) of white plates, m.p. 134-135°, were isolated. The
melting point was not depressed when mixed with an
authentic sample of I-methyl-7-methoxyphenanthrene.6

1-Methyl-3,4-dihydronaphthalene plus 2,4-hexadienoic acid.
I-Methyl-3,4-dihydronaphthalene was prepared by the
method of English and Cavaglieri.7

A mixture of 35 g. of this compound, 224 g. of 2,4-
hexandienoic acid, 5 ml. of dimethylaniline, and 1.5 g. of
hydroquinone was heated at 190° for 100 hr. in a carbon
dioxide atmosphere. An ether solution of the reaction mix-
ture was extracted with 5% potassium hydroxide solution
and the aqueous extract precipitated with dilute hydro-
chloric acid. Evaporative distillation of the precipitated acid
at 170-210° (1 mm.) gave 6.2 g. (12%) of distillate and 6.4
g. (12.5%) of acidic copolymer. The distillate was a hard
yellow, acidic gum and is believed to possess structure I11.
The position of the double bond is uncertain.

The carbon skeleton of 111 was indicated by its degrada-
tion to 1-methviphenanthrene. The experimental conditions
were identical with chose used in the degradation of Il to
I-methyl-7-methoxyphenanthrene. The yield of 1-methyl-
phenanthrene, m.p. 117-119°, was 30%. The melting point
was not depressed when mixed with an authentic sample of
1-methylphenanthrene and the identity was further checked
by preparation of the picrate, m.p. 134-137°.

Department of Chemistry
Pennsylvania State University
University Park, Pa.

(5) W. S. Johnson J. M. Anderson, and W. E. Shelberg,
J. Am. Chem. Soc.. 66, 218 (1944).

(6) This sample was kindly supplied by Dr. Andre S.
Dreiding of the Detroit Institute for Cancer Research.

(7) J. English, Jr., and G. Cavaglieri, J. Am. Chem. Soc.,
65, 1085 (1943).

Preparation of Some Bicyclic Nitriles by the
Diels-Alder Reaction

Meyer Schwarz and Millard Maienthai,

Received August 24, 1959

As part of a program to relate the dielectric
properties of some nitriles to their structures it
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became necessary to prepare some bicyclic nitriles
of established configuration.

Alder and co-workersl have recently reported
that acrylonitrile and cyclopentadiene react to
give a mixture that is 60% 5-endo-cyano-2-nor-
bornene and 40% 5-exo-cyano-2-norbornene. They
found that this ratio of isomers was not greatly
affected by changing the temperature of the
reaction. They also found that the reaction between
acrylonitrile and 1,3-cyclohexadiene gave about
equal amounts of the 5-exo-cyano- and 5-endo-
cyano-bicyclo[2.2.2]oct-2-ene. Thus, their results
showed that the cyano group has little or no di-
recting influence in the Diels-Alder reaction.

Gillois-Doucet2 Yashunskii et al.3 and Trapp4
prepared the adduct of methacrylonitrile and
cyclopentadiene without assigning a structure to
it. Trapp hydrolyzed the adduct to an amide which
was identical with the amide prepared from 5-
endo-methyl-2-norbornene-5-exo-carboxylic acid.5A
suggestion that this adduct is principally the
endo-methyl exo-nitrile was made by Boehme et al.6

We dehydrated the amide obtained from hy-
drolysis of the adduct of methacrylonitrile and
cyclopentadiene to yield 5-exo-cyano-5-ewdo-methyl-
2-norbornene. The infrared spectrum of this latter
compound was identical with that of the nitrile
prepared directly by the Diels-Alder reaction,
indicating that there was no endo-cyano isomer
formed in this reaction.

The adduct from ethacrylonitrile and cyclo-
pentadiene was shown to be 5-exo-cyano-5-endo-
ethyl-2-norbornene since hydrolysis yielded only
one amide, which proved to be identical with 5-
er«fo-ethyl-2-norbornene-5-exo-carboxamide identi-
fied by Boehme and co-workers6 after preparation
from the corresponding acid.

When methacrylonitrile and 1,3-cyclohexadiene
reacted, the adduct could not be separated from
cyclohexadiene dimer by distillation. The reaction
mixture was hydrolyzed to yield, exclusively, 5-
endo-methylbicyclo [2.2.2 loct- 2-ene-5- carboxamide
which has been prepared by Boehme et al.6 from
the acid chloride of known configuration. Dehy-
dration of the amide with phosphorous pent-
oxide yielded pure 5-exo-c3rano-5-endo-methylbi-
cyclo[2.2.2]oct-2-ene.

Similarly, when ethacrylonitrile and 1,3-cyclo-
hexadiene reacted, the adduct was contaminated
with cyclohexadiene dimer. Upon hydrolysis, only
one amide was isolated; it was dehydrated to give

(1) K. Alder, K. Heimbach, and It. Reubke, Chem. Bar.,
91, 1516 (1958).

(2) J. Gillois-Doucet,
(1955).

(3) V. G. Yashunskii, A. P. Terent’ev, and Ya. G.
Neklin, Zhur. Obshei Khim., 26, 723 (1956).

(4) W. B. Trapp, Thesis, University of Colorado, 1952.

(5) J. S. Meek and W. B. Trapp, J. Am. Chem. Soc., 79,
3909 (1957).

(6) W. R. Boehme, E. Schipper. W. G. Scharpf, and J.
Nichols, J. Am. Chem. Soc., 80, 5188 (1958).

Ann. Chim. (Paris), 10, 497
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a pure nitrile. Since methacrylonitrile gave the
e.to-cyano adducts with both cyclopentadiene and
cyclohexadiene, and since ethacrylonitrile gave
the exo-cyano adduct with cyclopentadiene, the
adduct of ethacrylonitrile and cyclohexadiene
probably also has the exo-cyano structure.

Chemical proof is lacking because the correspond-
ing endo- and exo-acids are not available. The amide
proved to be extremely resistant to hydrolysis,
preventing proof of structure via the iodo lactone
method.

These results indicate that alkyl groups must
have considerable directing influence in Diels-
Alder reactions. While it was shown by Alder
et al.1that acrylonitrile reacted with cyclopenta-
diene to yield an adduct of a three to two endo-
exo ratio, the present experiments showed that
«-methacrylonitrile and a-ethacrylonitrile yielded
the exo-cyano form exclusively.

The same conclusion can be drawn from the
preparation of the adducts of 1,3-cyclohexadiene.
In the acrylonitrile -1,3-cyclohexadiene adduct
prepared by Alder et al.l the endo-exo ratio was
about one to one. However, the adduct formed from
methacrylonitrile and 1,3-cyclohexadiene was the
exo-cyano derivative. Since only one amide could
be isolated from the adduct of ethyl acrylonitrile
and 1,3-cyclohexadiene, the exo-cyano structure
has been assigned to it.

This same directing influence of alkyl groups
has been observed in the reaction of «-substituted
acrylic acids with cyclopentadiene. The acrylic
acid-cyclopentadiene adduct has been shown to
comprise a three to one mixture of endo- and exo-
isomers7, the «-methacrylic acid-cyclopentadiene
adduct a one to three endo-exo mixture§ and the
«-ethacrylic acid-cyclopentadiene adduct almost
exclusively the exo acid.6

The unsaturated nitriles were reduced catalyti-
cally to the corresponding saturated compounds.

The infrared spectra of the bicylic nitriles
showed certain properties in common. The nitrile
absorption was found at 4.5 n, and the unsatu-
rated nitriles exhibited maxima at 6.1 and 6.2-
6.4 fx Both 2-cyano-2-methylbicyclo-octane and
2-cyano-2-ethyl bicyclo-octane had maxima at
3.8 /xs This maximum was absent in the cor-
responding bicyclo-octenes.

EXPERIMENTAL

5-ex0-Cyano-5-endo-methyl-S-norbomene. A mixture of 377
g. (5.7 moles) of cyclopentadiene and 377 g. (5.7 moles) of
methylacrylonitrile was refluxed for 8 hr. until the tempera-
ture reached 120°. The mixture was then distilled. After
methacrylonitrile and cyclopentadiene dimer were removed,
there was obtained 178 g., 22%, of 5-exo-cya,no-5-endo-
methyl-2-norbornene, b.p. 98-100°/30 mm., m.p. 61-63°

(7) C. D. VerNooy and C. S. Rondestvedt, Jr., J. Am.
Chem. Soc., 77, 3583 (1955).

(8) J. Hine, J. A Brown, L. H. Zalkow, W. E. Gardner,
and M. Hine, J. Am. Chem. Soc., 77, 597 (1955).
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(lit.3m.p. 55° and 30-3204). Infrared absorption maxima:
10.25(a), 10.58(s), 10.62(a), 10.88(a), 11.05(a), 11.65(a),
11.78(a), 11.81(m), 12.22(a), 13.00(a), 13.75(a), 14.30(a) y.

Anal. Calcd. for CHuUN: C, 81.16; H, 8.33. Found: C,
81.0; H, 85.

In order to prove the configuration of the nitrile, it was
first hydrolyzed in alcoholic potassium hydroxide to 5-endo-
methyl-2-norbornene-5-ezo-carboxamide which after re-
crystallization from benzene melted at 157° (lit.6 m.p.
157.5-158.5°). The infrared spectrum of this amide was
identical with that of an authentic sample of 5-endo-
methyl-2-norbornene-5-exo-carboxamide.9 The amide ob-
tained by hydrolysis was dehydrated with phosphorus
pentoxide by the method of Boehme et al,6to give a 45%
yield of 5-e*0-cyano-5-e?Mfo-methyl-2-norbornene, b.p. 98°/
28 mm., m.p. 63-64°. The spectrum of this nitrile was identi-
cal with the spectrum of the original adduct.

2-ex0-Cyano-2-endo-methylnorbornane. 5-eso-Cyano-5-emfo-
methyl-2-norbornene (23.8 g., 0.18 mole) in 200 ml. of
ethanol was hydrogenated in the presence of platinum oxide
catalyst under about 20 Ib. pressure at room temperature.
After removal of catalyst and solvent, the residue was dis-
tilled, to yield 15 g., 62%, of 2-ezo-cyano-2-endo-methyl-
norbornane, b.p. 116-117°/45 mm., m.p. 47-A8°.

Anal. Calcd. for CsHisN: C, 79.95; H, 9.69. Found: C,
80.2; H, 9.6.

5-ex0-Cyano-5-endo-ethyl-Z-norbomene. A mixture of 84 g.
(1.04 moles) ethacrylonitrile and 135 g. (2.05 moles) of
cyclopentadiene was refluxed about 3.5 hr. until its tempera-
ture had risen to 140°. The product was distilled to yield
62 g., 40.5%, of 5-ezo-cyano-5-e?!(fo-ethyl-2-norbornene, b.p.
101°/15 mm., no 1.4775, m.p. 9.5-12°. Infrared absorption
maxima: 10.0(s), 10.5(a), 10.9(s), 11.32(a), 11.75(a), 12.2(a),
12.8(a), 13.75(s), 14.3(s) y.

Anal. Calcd. for C,oHIN: C, 81.58; H, 8.90. Found:
C, 81.23; H, 8.6.

This nitrile was hydrolyzed in alcoholic potassium
hydroxide to vyield 5-erado-ethyl-2-norbornene-5-ea:o-car-
boxamide, which on recrystallization from benzene-ra-
heptane melted at 94-95° (1it.697-98°).

2-exo0-Cyano-2-endo-ethylnorbornane. A solution of 30 g.
(0.22 mole) of 5-ezo-c3ano-5-eredo-ethyl-2-norbornene in 50
ml. of alcohol was hydrogenated at 40 Ib. pressure at room
temperature in the presence of platinum oxide catalyst.
After removal of catalyst and solvent the residue was dis-
tilled to yield 26 g., 79%, of 2-exo-cyano-2-erado-ethylnor-
bornane b.p. 103-104°/13 mm. The analytical sample was
redistilled, b.p. 96°/10 mm., n253'5 1.4708. Infrared absorp-
tion maxima: 10.0(w), 10.45(s), 10.6(m), 10.7(m), 11.45(s),
11.9(s), 12.7(a), 12.98(m), 13.12(m) y.

Anal. Calcd. for CIH,MN: C, 80.48; H, 10.13. Found:
C, 80.8; H, 10.3.

5-endo-Methylbicydo [2.2.2] oct-2-ene-B-exo-carboxamide. A
mixture of 44.5 g. (0.55 mole) of 1,3-cyclohexadiene and 38
g. (0.58 mole) of methacrylonitrile was placed in a steel
bomb and heated in an oil bath at 190° for 6.5 hr. Distilla-
tion of the reaction mixture gave some unchanged meth-
acrylonitrile and 37.0 g. of crude adduct b.p. 95-100°/10
mm. The product thus obtained solidified at room tempera-
ture, but on standing overnight some liquid separated from
it. It is assumed that at this stage the adduct was con-
taminated with some bicyclohexadiene which has nearly
the same soiling point. Several attempts to purify this adduct
by distillation failed to give a sample that had a satisfactory
analysis.

The crude adduct was hydrolyzed with alcoholic potas-
sium hydroxide to yield 5-en<fo-methylbicyclo[2.2.2]oct-2-
ene-5-exo-carboxamide, which on recrystallization from
ethanol-water, melted at 127-128° (lit.6m.p. 125-126°).

6-ex0-Cyano-5-endo-methylbicyclo [2.2.2]oct-2-ene.  The
above amide was dehydrated by the procedure of Mc-

(9)  The authors are indebted to Dr. J. S. Meek for this

spectrum.
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Elvain. DA mixture of 62.0 g. (0.38 mole) of 5-eredo-methyl-
bicyclo [2.2.2]oct-2-ene-5-&ro-carboxamide, 175 ml. of ben-
zene, 102 g. of triethylamine, and 95 g. of phosphorus
pentoxide was heated with stirring until the reaction began.
After the initial exothermic reaction had subsided, the mix-
ture was refluxed for an additional 0.5 hr. The liquid was
decanted from the inorganic layer and the residue washed
several times with benzene. The combined organic extracts
were distilled yielding 35 g., 63% of 5-exo-cya.no-5-endo-
methylbicyclo[2.2.2]oct-2-ene, b.p. 127-129°/50 mm. A
sample for analysis was sublimed in vacuo and melted at
98-99°. Infrared absorption maxima: 9.98(w), 10.22(s),
10.48(s), 10.72(s), 10.88(s), 11.49(s), 11.83(s), 12.3(a),
13.95(b), 14.2(s) y.

Anal. Calcd. for CIHIN: C, 81.58; H, 8.90. Found: C,
81.6; H, 9.1.

2-Cyano-2-methylbicyclo[2.2.2]octane. A mixture of 15 g.
(0.1 mole) of 5-exo-cyano-5-e?ido-methylbicyclo[2.2.2]oct-2-
ene, 100 ml. of alcohol, and 0.1 g. of platinum oxide was
hydrogenated under 20 Ib. pressure. After removal of the
catalyst, the solution was poured into water, precipitating
the product which was dried over phosphorus pentoxide,
yielding 13 g., 87%, of 2-cyano-2-methylbicyclo [2.2.2[octane
melting at 108-109°. A sample for analysis was sublimed
in vacuo, m.p. 108-109°. Infrared absorption maxima:
3.8(m), 9.85(w), 10.10(s), 10.29(w), 10.53(m), 10.69(m),
I.1(s), 11.35(a), 11.62(m), 11.96(m), 12.8(s), 12.48(m),
12.85(m), 14.8(m)y.

Anal. Calcd. for CuflisN: C, 80.48; H, 10.13. Found:
C, 80.4; H, 10.2.

5-endo-Ethylbicyclo [2.2.2 Joct-2-ene-5~exo-carboxamide. A
mixture of 50 g. (0.63 mole) of 1,3-cyclohexadiene and 40 g.
(0.5 mole) of ethacrylonitrile was heated in a steel bomb
to 190° for 8 hr. The reaction mixture was distilled and after
a forerun of unchanged starting material there was obtained
145 g. of crude adduct, b.p. 133-140°/35 mm. Fractionation
of this product failed to yield a pure sample of nitrile.

A mixture of 39 g. of the crude adduct, 50 g. of potassium
hydroxide, 100 ml. of ethylene glycol, and 10 ml. of water
was refluxed 8 hr. The cooled reaction mixture was dis-
solved in water and extracted with benzene. The extract
was steam-distilled to remove the benzene and most of the
unhydrolyzed starting material. The residual aqueous mix-
ture was kept at 0° overnight and the solid collected by
filtering. Several recrystallizations from methanol-water
yielded 5-endo-ethylbicyclo [2.2.2 ]oct-2-ene-5-exo-carbox-
amide, m.p. 92°.

Anal. Calcd. for CuHNNO: C, 73.70; H, 9.56. Found:
C, 74.0; H, 9.6.

S-exo-CyanoS-endo-ethylbicyclo[2.2.2]oct-2-ene. A mixture
of 28 g. (0.15 mcle) of 5-endo-ethylbicyclo [2,2,2]oct-2-ene-
5-exo-carboxamide, 400 ml. of benzene, 100 g. of triethyl-
amine, and 50 g. of phosphorus pentoxide was stirred and
refluxed for 1.5 hr. The cooled mixture was extracted several
times with benzene. The combined benzene extracts were
dried and distilled to yield 19.5 g., 77.5%, of 5-exo-cyano-5-
ewfo-ethylbicyclo[2.2.2]oct-2-ene, b.p. 75-80°/3 mm., n” *
I. 4876. Infrared absorption maxima: 10.08(w), 10.35(s),
1. 01(w), 11.6(s), 12.4(a), 12.75(b), 12.95(a) y.

Anal. Calcd. for CnHjsN: C, 81.94; H, 9.36. Found:
C, 81.9; H, 94.

2-Cyano-2-ethylbicyclo[2.2.2]octane. The unsaturated nitrile
was reduced in alcohol with hydrogen in the presence of
platinum oxide under 25 Ib. pressure to yield 2-cyano-
2-ethylbicyclo[2.2.2[octane, b.p. 105°/8 mm., 1.4824.
Infrared absorption maxima: 3.81(w), 10.1(w), 10.39(s),
10.72(m), 11.0(w), 11.32(w), 11.7(a), 12.15(a), 12.48(w),
12.8(m), 12.98(m) y.

Anal. Calcd. for CIHIN: N, 8.58. Found: N, 8.3.

(10) S. M. McElvain and R. C. Clarke, J. Am. Chem.
Soc., 69, 2657 (1947).
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Reaction of Cyanogen with Organic
Compounds. XIV. Compounds Containing
Hydrogen Activated by Neighboring Groups!

Henry M. Woodburn and Tiiomar J. Dolce2

Received March 11, 11)ij1)

Previous papers in this series3 have described
many reactions of cyanogen with the hydrogen of
functional groups. However, little has been done
with the cyanogen reactions of hydrogen activated
by neighboring groups. Traube4 has reported on
malonic ester, acetoacetic ester, and acetylacetone
and Langenbeck5showed that acetaldehyde reacts
with cyanogen. However, the structure of the
product indicates that hydrolysis was an ac-
companying step:

(CN):
CHjCHO =+: CHO=CHOH -
NH 0

(CH2=CHO"——- CNH2)(HD)
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react with cyanogen. Table | lists the compounds
with which some measure of success was obtained.
In every case the product consisted of a substance
in which one molecule of the organic reagent had
added to one molecule of cyanogen.

Other compounds which were studied but were
recovered unchanged were nitromethane, 2-nitro-
propane, 1-nitrobutane, phenylacetonitrile, suc-
cinonitrile, benzaldehyde, and cyclopentadiene.

Attempts were made without success to add a
second molecule of cyanogen to the condensation
products of cj’anogen with acetylacetone and with
acetoacetanilide. In addition the following com-
pounds, all of which contain but one active hy-
drogen, failed to react: ethyl butylmalonate, 3-
chloroacetylacetone, ethyl a-acetylacetoacetate,
triphenylmethane, and 4-pyridyldiphenylmethane.

In no case was it possible to obtain products in
which the ratio of organic reagent to cyanogen was
2:1 instead of 11

EXPERIMENTAL

Pure, compressed cyanogen in cylinders was supplied by
the American Cyanamid Company. The gas was led from
the cylinder into a trap cooled by Dry-lce-acetone where it
became solid and permitted the tube to be weighed before
and after a reaction. The rate of vaporization was easily
controlled by warming or cooling the tube.

Except for nitroparaffins and aldehydes where the nature
and strength of a basic solvent appeared to be critical, all
the successful reactions took place in the presence of alcohol
and a small amount of sodium. Three procedures illustrative
of the above are given.

TABLE |
Reaction op Cyanogen with Compounds Containing Active Hydrogen
Analysis
Yield, Caled. Found
Reagent Product M.P. % C H N C H
C-IRNCh CHHNOO0C(=NH)CN 117-119 75 378 4.0 331 379 4.4 333
C-HHLCH,N02 CHECHNOZX (=NH)CN 67-69 47 42.G 50 298 420 49 304
cjrnh co CEHENHCO(JEHC(:N H)CN 204-205 430 620 48 183 024 51 181
CHZOCH3 COCH3
chZXncoXxh6 CHCNCOXH6 168-170 24 509 43 254 507 45 252
C(=NH)CN
CHZCN)2 gCN LHC :NII2CN 171 6.5 508 1.7 475 504 22 472
(CURCUCHO CH3Z=CHOC(=NH) 108-110 22.7 450 7.6 175 452 75 17.0
CONH,HD
CHTCHO Gummy product, Infrared spectrum closely resembled that

The present study was undertaken to discover
other active hydrogen compounds which would

(1) From the dissertation presented by Thomas J. Dolce
in partial fulfillment of the requirements for the Ph.D.
degree, February 1958. The financial assistance of Research
Corporation is gratefully acknowledged.

(2) Present address: Research Laboratory, Celanese Cor-
poration, Summit, N. J.

(3) Paper No. 1 of this series appeared in J. Ortj. Chem.,
14,555 (1949).

(4) W. Traube, Ber., 31, 2938 (1898).

(5) W. Lagenbeck, Ann., 469, 16 (1929).

from isobutyraldéhyde product

Reaction with nilroethane. A solution of 22.1 g. (0.29 mole)
of nitroethane was prepared in 200 ml. of IN aqueous
sodium hydroxide and cooled to 0°. Three-tenths of a
mole (15.6 g.) of cyanogen was bubbled into the solution.
The mixture darkened quite rapidly and after a short time
a small amount of crystalline material formed. When all
the cyanogen had been added, the dark mixture was ex-
tracted immediately with 200 ml. of ether and the extract
dried over anhydrous magnesium sulfate while standing in
the ice chest. Evaporation of the ether left 2.8 g. (7.5%
yield) of yellow solid. Recrystallization from ether with
decolorizing carbon present gave pure material forming
yellow needles which melted at 117-119°.
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Reaction with acetoacetanilide. In 290 ml. of 95% ethanol
which contained a catalytic amount of sodium (less than 0.1
g.) was dissolved 62.0 g. (0.35 mole) of acetoacetanilide.
The solution was cooled to 0° and treated with 18.2 g. (0.35
mole) of cyanogen. Crystals began to separate almost im-
mediately and continued to do so as the reaction proceeded.
Filtered immediately and dried, the solid weighed 34.5 g.
(43% yield). Recrystallized from acetone the product formed
minute, light yellow needles which melted at 204—205°.

Reaction with isobutyraldehyde. Twenty-four g. (0.33
mole) of isobutyraldehyde was placed in a 500-ml. flask
fitted with a stirrer, and 70 ml. of 2% sodium carbonate
solution was added. The aldehyde was insoluble in the car-
bonate solution, but the presence of the base appeared
necessary to cause a reaction. With the flask cooled by an
ice bath, 17.2 g. (0.33 mole) of cyanogen was passed in.
Vigorous stirring was needed since the product which began
to form after a few minutes was gummy and tended to clog
the addition tube. The gummy material gradually became
a light tan foamy mass. This was filtered with some dif-
ficulty, and placed in a vacuum desiccator overnight to
drv. It became a light Yellow, crusty solid weighing 12.0 g.
(22.7% yield).

Recrystallized from ethanol with decolorizing carbon
present, a solid was obtained which melted at 108-110°
with decomposition.

Department of Chemistry
University of Buffalo

Buffalo 14, N.Y.

Reaction of Diazoethane and 1-Diazopropane
With Aliphatic Aldehydes

Richard F. Smith

Received September 3, 1959

The major products obtained in the reaction of
aldehydes with diazomethane are the methyl ketone

NOTES 453

or the oxide. As pointed out by Gutsche, in an
excellent review article, aromatic and aliphatic
aldehydes most frequently react to give mixtures
of both ketones and oxides. In the few cases stud-
ied however,1 aromatic aldehydes reacted with
higher diazoalkanes to yield the ketones as the
major products in good yields.

Because of the selective formation of ketones in
the higher diazoalkane-aromatic aldehyde re-
action, it seemed of interest to study the reaction
of higher diazoalkanes with aliphatic aldehydes.
It was found that ketones (see Table I) were formed
in 51-78% yields from the reaction of the readily
available? diazoethane and 1-diazopropane with
five simple aliphatic aldehydes. Widely boiling
foreruns were obtained in many cases, but were
not examined for oxide content.

From the few cases studied, it would appear that
the reaction of higher diazoalkanes with aliphatic
aldehydes may provide a convenient synthetic
method for the small scale conversion of aliphatic
aldehydes to the corresponding alkyl ketones.

EXPERIMENTAL

Boiling points and melting points are uncorrected.

General method of reaction of aldehydes with diazoalkanes.
The diazoalkanes were prepared from the nitrosoalkyl-
urethanes by the method of Wilds and Meader.2 Ethereal
solutions of diazoethane (from 0.15 mole3of the urethane)
or 1-diazopropane (from 0.20 mole of the urethane) were
treated with 0.1 mole of the aldehyde. The reaction was
allowed to proceed overnight at room temperature. The
ether and excess diazoalkane were removed by distillation
and the products were obtained by distillation through a
12" Vigreux column.

Acknowledgment. This work was supported by
a generous Grant-in-Aid from the Research Founda-

TABLE |

Reactions with Diazoethane

Yield,
Aldehyde Product ' 9)
Propionaldéhyde 3-Pentanone 62
n-Butyraldehyde 3-Hexanone 56
Isobutyraldehyde 2-Methyl-3-pentanone 58
n-Valcraldehyde 3-Heptanone 72
ra-Heptaldehyde 3-Nonanone 71

Reactions wiTn 1-DIAZOrROrANE

Propionaldéhyde 3-Hexanone 5V
re-Butyraldehvde 4-Heptanone 74
Isobutyraldehyde 2-Methy1-3-hexanone 64
K-Valeraldehyde 4-Octanone 74
ra-Heptaldehyde 4-Decanone 78

B.P., OC. Derivative,”“ M.P., °C.
Found Lit. Found Lit.
99-100 1026 155-157D 1564
122-125 121-123' 129-130D 130d
109-113 111313 110-111D 111-113/
144-147 148" 100-102S 103"
185-190 187* 109-111S 111-112*
121-123 121-123' 129-130D 130d
141-144 144" 131-132S 132"
131-133 134-136* 116-118S 119*
164-167 170* 94-95S 96'
204-207 202-206™ 117-118H 117-119”

ad = 2,4-dinitrophenylhydrazone; S = semicarbazone; H = hydantoin. bR. L. Shriner. R. C. Fuson, and D. Y. Curtin,
The Systematic Identification of Organic Compounds, John Wiley & Sons, New York, 4th ed., p. 316. cL. I. Smith, H. E.
Ungnade, W. M. Lauer, and R. M. Leekley, 3. Am. Chem. Soc., 61, 3079 (1939). d R. B. Wagner and H. D. Zook, Synthetic
Organic Chemistry, John Wiley & Sons, New York, 1953, p. 352. eF. C. Whitmore and L. P. Block, J. Am. Chem. Soc., 64,
1619 (1942). 7 H. Fournier, Bull. soc. chim., 7, 836 (1910). * M. L. Sherrill, J. Am. Chem. Soc., 52, 1982 (1930). h A 1. Vogel,
J. Chem. Soc., 610 (1948). 1Ref. d., p. 354. 1 The yield of distilled product was 41%. An additional 10% was isolated as the
2,4-dinitrophenylhydrazone by treatment of a forerun (b.p. 96-120°) with excess of Brady’s solution. * B. E. Hudson and
C. R. Hauser, J. Am. Chem. Soc., 63, 3163 (1941). ' L. Boueveault, Bull. soc. chim. France (3) 35, 629 (1906). mP. Karrer,
B. Shibata, A. Wettstein, and L. Jacubowicz, Helv. Chim. Acta, 13, 1292 (1930). n M. S. Kharash and H. N. Friedlander,

J.0rg. Chem., 14, 248 (1949).
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(1) C. D. Gutsche, Org. Reactions, VIII, 364 (1954).

(2) A. H. Wilds and A. L. Mcader, Jr., J. Org. Chem,,
13, 763 (1948).

(3) The molar quantities were chosen to give a slight
excess (about 10%) of the diazoalkane (based on the average
yields of diazoalkane given by Wilds and Meader2). In an
experiment conducted by Mr. E. Otremba in these labora-
tories, it was established that 3-pentanone does not react
with etheral diazoethane at room temperature. Thus, it was
assumed that the ketonic product would not react with
excess diazoalkane. A polar solvent is evidently necessary
to promote the reaction of acyclic ketones with diazoalkanes
(ref. 1, p. 375).

Reaction of Aluminum
Plienoxide with Nitriles

H. W. Johnston

Received November 2, 1059

In a previous report it was shown that the cyano-
ethylation of phenol in the presence of anhydrous
aluminum chloride and dry hydrogen chloride gave
a small amount of the ortho- addition product, the
5-lactone of ~-(o-hydroxyphenvl) propionic acid.?
Our interest in the possibility of increasing the
yield of this ortho- isomer was prompted by the
work of Kolka, Napolitano, and Ecke, who found
that alkylation of the phenolic salt of aluminum
with alkenes at temperatures of 240° to 320°
and pressures of 200 to 800 p.s.i. gave unusually
high yields of ortho- alkylated products.2 However,
in our laboratory when acrylonitrile and alumi-
num phenoxide were caused to react together under
similar conditions, a resin was obtained as the
principal reaction product, and neither dihydro-
coumarin nor p-hydroxyphenjdpropionitrile were
isolated. An infrared spectral examination of the
resin showed that the cyano-group had completely
disappeared, and strong aromatic carbonyl bands
appeared, indicating that, under these relatively
severe reaction conditions, polymerization of the
olefin had taken place with considerable cross
linking of the resin through the formation of car-
bonyl groups linked to the aromatic ring. Bands
corresponding to both ortho- and para- substitution
were noted. That cross linking of the polymer took
place in a Hoesch-type reaction of the nitrile was
confirmed in an experiment in which acetonitrile

(1) H. W. Johnston and F. J. Gross, J. Org. Chem., 22,
1264 (1957).

(2) H. J. Kolka, J. P. Napolitano, and G. Ecke, J. Org.
Chem., 21, 712 (1956).
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was substituted for acrylonitrile in the reaction
with aluminum phenoxide. o-Hydroxyacetophe-
none and p-hydroxyacetophenone were recovered
in yields of 3 and 4%, respectively based upon
equivalents of aluminum consumed.

In the alkylation of phenol with ethylene or
propylene the suggestion is advanced that a cyclic
concerted mechanism operates, in which aluminum
phenoxide is coordinated with excess phenol with
simultaneous attack of the olefin upon the ortho-
position of the benzene ring:2

(CaHs0O)3AL H
On .a-CH

1y »
a¥CRH

However, this mechanism as constructed here
implies an electron shift toward the ring though
opposed by both the coordination of aluminum and
the proton of phenol. A suggested mechanism more
applicable to the aluminum phenoxide-nitrile
system might be the displacement of a phenoxide
ion from aluminum phenoxide by the nitrogen atom
and its electron pair. An attack is then possible
upon the ortho- position of the new phenoxide
complex (I) to give an ortho- substituted dienone
(1) or, alternately, upon the oxygen atom of the
displaced phenoxide ion to form an imidic ester
complex (Ill). Cleavage of the latter would
permit amidation of the para- position of phenol.

0-Al(0CnHH2
:0OCr,H5

0
O—C=N:Al(OCsHs) 2

An interesting study of the Fries rearrangement
parallels the above suggestion. Cullinane and
Edwards3 have studied the rate of rearrangement
of substituted phenyl acetates and have found that
the kinetics were consistent with a mechanism
which assumes the displacement of the acyl group
from the oxygen atom by a second mole of catalyst.
The acyl carbonium ion attack upon the ortho-
or para- position of the phenolic moiety is said to
be irreversible, contrary to the results obtained
by Rosenmund and Schnurr.4

Finally, in some experiments with aluminum
phenoxide and ethyl acrylate a small amount of
/3-phenoxypropionic acid was isolated indicating

(3) W. M. Cullinane and B. F. R. Edwards, J. Chem. Soc..,

434 (1958) and J. Chem. Soc., 3016 (1957).

(4) K. W. Rosenmund and W. Schnurr, Ann., 460, 56
(1928).
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the definite possibility of 1,4-addition of phenoxide
ion to the acrylic ester. Also, in the presence of
diphenyl ether as a solvent instead of excess phenol,
phenyl acrylate was isolated in 20% yield based on
consumed phenol. This ester-interchange reaction
tends to support the proposal that in the analogous
reaction of aluminum phenoxide and acrylonitrile
the nitrilo-group displaces phenoxide ion from the
aluminum complex.

EXPERIMENTAL

Reaction of acetonitrile with aluminum phenoxide. Eighteen
g. (0.67 mole) of aluminum turnings was added in small
portions over a period of 3 hr. to 184 g. (2 moles) of freshly-
distilled phenol held at 172-185° under an atmosphere of
nitrogen gas. The addition of aluminum metal was carried
out conveniently in glass apparatus until a temperature of
185° was noted for the molten mass, at which time it was
transferred to a 1-1 stainless steel bomb. The bomb was
heated to 195° with the remaining aluminum until no more
phenol was lost through the vent.

The bomb was cooled to room temperature and opened.
Eighty-two g. (2 moles) of freshly distilled acetonitrile was
added and the bomb-head replaced. Air was purged from
the bomb by means of nitrogen after which the reaction mix-
ture was heated to 185° with constant mechanical shaking
for a period of 6 hr. A maximum pressure of 115 p.s.i. was
noted. Heating and shaking were continued for an additional
2 hr. at 220° and 165 p.s.i., after which the bomb was cooled
to room temperature and opened. The mixture, consisting
of a watery liquid and a brittle crystalline solid, was poured
over 1kg. of cracked ice containing 150 ml. of concentrated
hydrochloric acid (d, 1.2). (Two g. of unreacted aluminum
was recovered at this point.)

The organic phase was separated and steam-distilled.
The distillate was shaken with sodium chloride and the oils
were recovered by extraction -with three 50-ml. portions
of toluene. The hydrocarbon solution was washed three
times with 50-ml. portions of saturated sodium chloride,
separated, and distilled through a 100-cm. modified Claisen
column. One hundred and thirty g. of phenol (0.57 mole)
was recovered at 89° and 24 mm. after which the residue
was transferred to a Claisen flask of 10 ml. capacity. Three
g- (0.04 mole) of colorless liquid was recovered at 95-99°
at 18 mm. which was identified as o-hydroxyacetophenone
(oxime, m.p. 114-116° uncorr., which is in agreement with
the literature).5

The residual tar which was involatile in steam was taken
up in ether and separated from the aqueous phase. Benzene
was added and the solvents distilled until a thick oil was
obtained. A small amount of hot 3:1 alcohol-benzene mix-
ture was added and crystallization took place upon standing
in an ice chest. Seven g. (0.05 mole) of p-hydroxyaceto-
phenone, m.p. 104-106°, was obtained.6

Reaction of acrylonitrile with aluminum phenoxide. In a
procedure similar to that described for acetonitrile and
aluminum phenoxide, 9 g. (0.37 mole) of aluminum turnings
was caused to react with 282 g. (3 moles) of phenol at 170-
172° under nitrogen. Since an excess of phenol was present
as a solvent it was unnecessary to transfer the mixture to
the bomb until all the aluminum has been dissolved. Fifty-
three g. (1 mole) of freshly distilled phenol was added and
the mixture was held with continual shaking at 172-180°
for 9 hr. From the dark red oil 177 g. (1.2 moles) of phenol
was recovered and a viscous dark brown resin remained
which was undistillable.

(5) A C. Cope, J. Am. Chem. Soc., 57, 574 (1934).

(6) E. M. Huntress and S. P. Mulliken, Identification of
Pure Organic Compounds, Order I, John Wiley and Sons,
nc., New York, N. Y., 1941, p. 229.
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Examination of the infrared spectrum of a resin-potas-
sium bromide-pellet showed practically complete disap-
pearance of the nitrile bond at 2251 cm.-1 and the appear-
ance of strong aromatic ketone bands at 1578, 1641, 1223,
and 1169 cm.-1

Reaction of ethyl acrylate with aluminum phenoxide. In a
procedure similar to that employed for the reaction of
phenol and acrylonitrile 282 4. (3 moles) of phenol, 9.0 g.
(0.37 mole) of aluminum turnings and 900 g. of ethyl acrylate
gave a yellow oil from which ethyl acrylate and phenol were
removed by distillation. The residue consisted of rubbery
red crumbs. Extraction with toluene followed by vacuum
stripping of this solvent gave 9 g. of a tan fusible residue,
which was recrystallized from hot water to a melting point
of 85-93°. Further recrystallization from benzene gave
needles of /3-phenoxyproprionic acid, m.p. 93-96°,7 identi-
fied by conversion into the semicarbazone of 4-chromanone,
m.p. 223-226°. Louden and Razden8report a melting point
of 227° for this cerivative.

In a second experiment, 18 g. (0.67 mole) aluminum turn-
ings was caused to react with 184 g. (2 moles) of phenol in
75 ml. of diphenyl ether. Two hundred g. (2 moles) of ethyl
acrylate was added to the salt and held at 175-1S2° for 11
hr. under pressures of 40 to 60 p.s.i. Decomposition of the
reaction mixture in acid followed by isolation of distillable
products as described above gave 52 g. (0.35 mole) of phenyl
acrylate, b.p. range, 65° at 15 mm. to 71° at 14 mm. Redis-
tillation of this fraction at ordinary pressures gave a product
of b.p. 106-168° at 712 mm., sp. gr., 0.975 20°/4°. Infrared
analysis showed strong bands at 1610, 1590, 1500, 1480,
1300, 1240, 1180, 1120, 1050, 690 cm.-1 A ferric chloride
test was negative : bromine was strongly absorbed.

In addition, 24 4. of phenol was recovered to complete
recovery of the diphenyl ether. A gelatinous material,
presumably polyethyl acrylate and its cross-linked phenolic
derivatives, was noted.
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(Frederick Gardner Cottrell Grant 2814) and of the
National Institute of Health (R.G.-5965(A)) is
gratefully acknowledged.
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(7) S. G. I'owell, 3. Am. Chem. Soc., 45, 2710 (1923).
(8) J. D. Louden and R. Iv. Razden, J. Chem. Soc., 4289
(1954).

An Attempted Synthesis of Dipyrazolo[de/,
firs]Havanthrenc-8,16-dione

W. L. Mosby and W. L. Berry

Received September S, 1059

Fusion of pyrazolanthrone (1) with alkali pro-
duces a dye known as “pyrazolanthrone yellow,”
for which, at one time, structure Il was proposed.1

(1) F. jMayor and R. Heil, Ber., 55, 2155 (1922).
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Although the dye is now recognized2to have struc-
ture 111, no synthesis of the interesting compound
dipyrazolo [de/, grs]flavanthrene-8,16-dione (11) has
been reported. Following is an account of an at-
tempt to prepare Il, and of its failure in the final
step.

Treatment of 1 - benzamido - 8 - chloroanthra-
quinone (IV) with copper powder in a solvent re-
sulted chiefly in dehalogenation, giving 1-benzami-
doanthraquinone. However, when the volume of
solvent was drastically reduced, a good yield of the
bianthraquinonyl compound V was produced.
Acid hydrolysis readily afforded the free amine
(V).

CTUCONH O 0

VII1.R=COC,;H5

The diamine VI was tetrazotized, reduced and
cyclized to produce VII in a manner analogous to
the synthesis34 of pyrazolanthrone from 1-amino-
anthraquinone. Unfortunately, no way was found
to convert either VII, or its dibenzoyl derivative
(V1) into the desired quinone Il. Under acidic
conditions (heating with aluminum chloride in
pyridine or nitrobenzene or hi an aluminum chlo-
ride-sodium chloride melt) V11 was recovered un-
changed. Heating VII with potassium hydroxide

(2) A Liittringhaus, P. Nawiasky, and A. Krause, Ger.
Patent 457,182; Frdl, 16, 1371 (1931). U. S. Patent 1,817,-
995.

(3) R. Mohlau, Ber., 45, 2233 (1912).

(4) B.1.O.S. Final Report No. 987, p. 128.
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Fig. 1 Ultraviolet spectra in dimethylformamide solu-
tion of pyrazolanthrone (-----) and of compound VII (— ).

and methanol yielded a small amount of insoluble,
alkali-sensitive pale orange dye (bright green vat
solution), probably produced by bimolecular cou-
pling in the 3,3'-positions analogous to the forma-
tion of 111 from 1. Introduction of manganese di-
oxide into a caustic melt with V11 afforded a prod-
uct readily soluble in dilute base, which in behavior
and color reactions resembles the o-carboxyphenyl-
indazoles obtained5 under similar conditions from
I and I1l. These two undesired products were not
investigated further.

One obstacle to the facile conversion of VI into
Il may be noted from an examination of the ultra-
violet spectrum of VII (Fig. 1). From the virtual
superimposability of the curves of VIl and I (with
doubling of the extinction coefficient) it appears
that the plane of the upper half of the molecule of
VIl is approximately orthogonal to that of the
lower half. This barrier to coplanarity plus the
need to lose four hydrogen atoms (two as hydride
ions), doubtless indicate a high activation energy
for the transformation of VII into I, and permit
one of the possible side reactions to occur preferen-
tially.

A curious difference in the reactivity of 1-chloro-
8-nitroanthraquinone was encountered in treating
it with hydrazine and with p-toluenesulfonamide.
Reaction with hydrazine occurred with dis-
placement of the nitro group, giving the known3
10-chloropyrazolanthrone, while [-nitro-8-(p-tolu-
enesulfonamido)-anthraquinone resulted from re-
action with p-toluenesulfonamide.

EXPERIMENTAL

8,8'-Dibenzamido-1,1'-bianthraquinonyl (V). A mixture of
16.0 g. of I-benzamido-8-chloroanthraquiiione (m.p. 226.5-

(5) W. Bradley and K. W. Goddcs, J. Chem. Soc., 1636
(1952).
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228.5°), 10 ml. of o-dichlorobenzene. and 10.0 g. of copper
powder was stirred and heated under reflux to 150-160°
and held there for 4 hr. The cooled, dark brown reaction
product was transferred to a Soxhlet thimble and extracted
with 700 ml. of chlorobenzene for 10 hr. Upon cooling, the
chlorobenzene solution deposited 10.10 g. of V (70% vyield),
m.p. 345-349°. Two recrystallizations from chlorobenzene
gave bright yellow plates, m.p. 347-349°.

Anal. Calcd. for CA2H2NID 6 C, 77.45; H, 3.71; N, 4.30;
O, 14.72. Found: C, 76.70; If, 3.61; N, 4.25; O, 14.00.

8,8'-Diamino-1,1-bianthraquinonyl (V1) was obtained
from the dibenzamido compound (V) by warming it with
concentrated sulfuric acid at 100°. The crude product was
crystallized twice from chlorobenzene, giving an 84% vyield
of shiny red plates, m.p. >350°.

Anal. Calcd. for CZHi6 2-i: C, 75.66; Il, 3.63; N, 6.30;
O, 14.40. Found: C, 74.80; H, 3.60; N, 6.42; O, 13.90.

10,10'-Dipyrazolanthronyl (VII). A solution of 4.66 g. of
the diamine (V1) in 50 ml. of concentrated sulfuric acid was
converted into the tetrazo derivative by treatment with 1.70
g. of sodium nitrite. The addition of approximately 40 g. of
ice caused the diazonium sulfate to precipitate, and this
was filtered off and added to a solution of 11.6 g. of sodium
bisulfite, 12 g. of ice, 14 ml. of 28% sodium hydroxide, and
14 ml. of water. The resulting suspension was heated to 80°
and held there 45 min., during which time a further 18 ml.
of 28% sodium hydroxide and 5.0 g. of sodium bisulfite
were added. The initial yellow color of the solution changed
to red. Then 20 g. of sodium chloride was added and the
solution was cooled. The red precipitate was filtered, pressed
dry, and added to 75 ml. of 99.5% sulfuric acid at 40-50°.
The temperature of the solution was then raised slowly to
90-98°, where it was held for 1.5 hr. Pouring the solution
onto ice gave a yellow precipitate, which after filtration,
washing, and drying weighed 3.90 g. (85% vyield). A sample
recrystallized twice from nitrobenzene melted above 350°
and had 268 and 300 mg (i 20,500 and 24,200).

Anal. Calcd. for CaHnNAh: C, 76.70: H, 3.22; X, 12.78-
Found: C, 76.20; H, 3.50; N, 12.30.

The dibcnzoyl derivative (VII1), obtained from VII by
treatment with benzoyl chloride in pyridine, crystallized
from chlorobenzene in pale yellow plates, m.p. >350°.

Anal. Calcd. for CeH”NAb-/.CeHaCl: C, 77.00; H,
4.02; Cl, 1.31; X, 8.28; O, 9.42. Found: C, 77.30; H, 3.49;
Cl, 1.62; X, 8.42; O, 9.50.

10-Chloropyrazolanthrone. The reaction of 1-chloro-
8-nitroanthraquinone (m.p. 263°) with hydrazine hydrate
in pyridine yielded a purple solid which was triturated with
10% sodium hydroxide solution and filtered. Acidification
of the basic filtrate gave a light yellow solid, which was
crjrstallized from o-dichlorobenzene, giving a 71% yield of
the known 10-chloropyrazolanthrone, m.p. 346-347° (lit.
346-347°5, >360°3), identified by comparison of melting
point and infrared spectrum with those of an authentic
sample.

I-Amino-8-nitroanthraquinone. I-Chloro-8-nitroanthra-
quinone was treated with p-toluenesulfonamide, sodium
acetate, and cuprous chloride in boiling amyl alcohol,
giving a 95% vyield of crude I-toluencsulfonamido-8-nitro-
anthraquinone. A sample after crystallization from acetic
acid melted at 255.0-256.5°. This tosyl derivative was
hydrolyzed in 81% yield to the amine by warming it in
concentrated sulfuric acid for a few minutes, and pouring
the resulting solution into water. Crystallization from o-
dichlorobenzene gave red needles, m.p. 298-299° (dec.)
(lit. 294°6and 283-284°T8

(6) F. Ullmann, Enzyklopadie der technischen Chemie
Urban < Schwarzenberg, Berlin, 2er. Aufl,, 1928, Bd. I,
p. 493,

(7) E. Hefti, Helv. Chim. Ada, 14, 1404 (1931).
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A-Substituted Imides. Il. Potassium Naph-
thalimidc as a Reagent for the Identification
of Alkyl Halides!

Sister Mary Ambrose Devereux, S.X.J.M .,23and Hugh
B. Donahoe

Received August 17, 1059

Many reagents have been suggested for the
identification of alkyl halides.4Recent studies have
included M-substituted phthalimides5 and sac-
charins.6 Continuing work in this laboratory con-
cerned with .V-substitutcd imides possessing phys-
iological activity suggested that potassium naph-
thalimide might be a satisfactory reagent for this
purpose.

The derivatives were prepared by condensing
potassium naphthalimide and the appropriate
alkyl halide using dimethylformamide as solvent.
The reaction went smoothly for primary and secon-
dary chlorides, bromides, and iodides but yields
were low with the secondary halides. Tertiary
halides did not react.

The crude products were recrystallized from
various alcohols or alcohol-water mixtures. In each
case a white crystalline solid with a sharp melting
point was obtained. Attempts to determine saponi-
fication equivalents were unsuccessful as the imide
linkage resisted all attempts at hydrolysis.

Although the melting points of the products
(Table 1) were close together in the higher members
of the series, all were solids and could be used as
derivatives. Only M-methyl- and M-cthyl naph-
thalimide have been previously reported.7

(1) Paper I, J. D. Commerford and H. B. Donahoe,
J. Org. Chan., 21, 583 (1956).'

(2) Taken from a portion of the Ph.D. Dissertation of
Sister Mary Ambrose Devereux, S.X.J.M. (1957).

(3) Present address: College of the Holy Xames, Oakland,
California.

(4) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, The
Systematic Identification of Organic Compounds, John Wiley
and Sons, New York, N. Y., 1956, p. 242.

(5) J. H. Billman and R. V. Cash, J. Am. Chem. Soc., 76,
1944 (1954).

(6) E. E. Reid, L. M. Rice, and C. Il. Grogan, J. Am.
Chem. Soc., 77, 5628 (1955).

(7) G. F. Jaubert, lier., 28, 360 (1895).
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TABLE la
V-Alkylnaththalimides

458

A*-Alkyl Yield,0

Substituent % M.P.
Methyl 92 206.5*
Ethyl 838 154e
Propyl 90 158-159
Isopropvl 12 163-164
Butvl 95 96.5-97
sec-Butyl 4 111-112
Amyl 55 86
Isoamvl 57 104-105
1-Methylbutyl 4 69
Hexyl 75 81.5-82.5
Heptyl 0 70.5-71.5
Octyl 43 42.5-43.5
Nonyl 95 56.5-57
Decvl 95 52
Undecyl 80 53-53.5
Dodeevl 95 56-57
Benzyl 82 95-96

Nitrogen, %

Solvent*1 Formula Calcd. Found
A CVH.XO..
A C,HiiN02
B CH1,:,N02 5.86 6.14
C CiHINO; 5.86 5.63
B CIHIEN02 5.563 5.27
C C,rH,ANO02 5.53 5.43
C CnHINO2 5.24 5.10
C CIHIMNO, 5.24 5.11
D CIHiNO02 5.24 5.50
B clthlho? 4.97 5.24
C chano?2 4.74 479
A cZhZho? 452 4.50
C CaH»NO, 4.33 4.01
A cZlho?2 419 4.29
C Cl.ANO2 3.98 3.99
E cZh3no?2 3.83 3.85
B CIH1BX02 4.87 5.01

“ All molting points are corrected. 6 Crude yield based on potassium naphthalimide. ¢ Recrystallizing solvent: A = 95%
ethanol; B = isopropanol; C = isopropanol-water; D = methanol-water; E = methanol. d G. F. Jaubert, Ber., 28, 360
(1895) reported m.p. 205°. cG. F. Jaubert, op. cit., reported m.p. 148°.

EXPERIMENTAL

K-Alkijinnvhthalimid.es. In a small fask fitted with an
efficient reflux condenser were placed 2.35 g. (0.01 mol.)
of potassium naphthalimide,8 the appropriate alkyl halide
(0.01 mol.), and 15 ml. of dimethyl formamide. The mixture
was refluxed on a steam bath for 1 hr. and cooled, and the
precipitated potassium bromide was removed by filtration.
Cold water was added to the filtrate and the precipitated
¢V-alkyl naphthalimide was removed and dissolved in ether.
Any ether insoluble material was removed and the ether
(Ia_vagorated to give the crude product which was recrystal-
ized.

Department of Chemistry
St. Louis University
St. Louis 4, Mo.

(8) A M. Mattocks and O. S. Hutchinson, J. Am. Chem.

Soc., 70, 3474 (1948).

Tetrazole-Azidoazoinethine Equilibrium. 1.
Amino- and Hydroxypyridotctrazolcsl

J. H. Boyer and Il. W. Hyde

Received October 2, 1959

The predicted absence2 of tetrazole-azidoazo-
methine tautomerism for derivatives of pyrido-
tetrazole with certain strong electron donating
substituents has been established by examination
of 6- and 8-hydroxy- and 8-aminopyridotetrazole.
On treatment with sodium azide in the presence of
hydrochloric acid in refluxing aqueous ethanol,
2-chloro-3-amino- and 2-ehloro-3-hydroxypyridine*

(1) Partial support of this work by National Institutes
of Health Grant Nos. 11-2295 and CY-2895 and Office of
Ordnance Research, U. S. Army, Contract No. DA-01-009-
ORD-699 is gratefully acknowledged

TABLE |

Infrared Absorption (cm.-1) from IVBr Disks
(% Transmittance)

8-Amino- 8-Hydroxy- 6-1lydroxy-
pyridotetrazole pyridotetra zoic pvridotetrazole
(1 (HI

3401(35.0) 3059(18.0) 3448(51.8)
3300(32.5) 2994(18.2) 2564(27.0)
3195(34.9) 2793(25.6) 1923(51.7)
3096(39.6) 2660(24.0) 1786(55.6)
1639(30.5) 2475(40.0) 1656(48.0)
1570(39.3) 1894(74.8) 1570(49.4)
1497(36.9) 1835(79.2) 1553(40.7)
1414(42.6) 1764(78.6) 1515(28.5)
1381(43.2) 1631(34.5) 1431(23.7)
1361(45.0) 1585(6.5) 1350(29.0)
1318(48.6) 1502(18.9) 1311(23.7)
1232(56.5) 1429(15.7) 1259(37.6)
1220(37.7) 1393(30.0) 1211 (24.0)
1156(40.7) 1321(15.0) 1147(37.7)
1107(40.0) 1239(28.9) 1106(23.0)
1076(36.5) 1206(21.0) 1095(25.3)
1067(42.9) 1159(14.0) 1028(41.5)
938(50.0) 1104(34.3) 964(49.0)
841(39.0) 1067(45.4) 873(27.6)
716(28.0) 1044(47.2) 815(19.4)
701(46.5) 1016(24.6) 793(26.5)
693(47.4) 952(71.0) 768(32.4)

880(44.5) 696(46.4)

849(68.7)

794(44.0)

774(26.0)

744(21.3)

696(30.0)

are transformed into 8-amino- (I) and 8-hydroxy-
pyridotetrazole (I1) respectively. A similar reaction
with 2-chloro-5-aminopvridine occurs with the
unexpected replacement of the amino group with
the hydroxyl group. It is assumed that the func-
tional group has not migrated to another position
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TABLE 11
Preparation Of Pyridotetrazoles from 2-Chloropyridines
Analysis
Carbon,  Nitrogen, Nitrogen,

Chloro- Pyrido- % % %
pyridine tetrazole M.P. Yield, Molecular Calcd. Calcd. Calcd.
R R (dec.) % Formula Found Found Found
3-NH2 8-NIL (I)a 180-183 327 CAN, 44.43 3.73 51.86
44.34 3.86 52.30
3-N(COCH3)/ 8-NHCOCH3 207-210d 3e c,ii,nDd 47.45 3.99 39.74
47.66 4.22 39.23
3-OHc 8-OH (I1)*H >220 22 CdbN.,0 4411 2.95 41.26
44.18 3.15 41.40
5-NH2 6-OH (111)3 215-220 19~ CAN/) 44.11 2.95 41.26
44.39 3.01 40.70

a Samples in ethanol gave ultraviolet absorption recorded by a Beckman Quartz Spectrophotometer, Model DK. bBased
on 70% recovery of starting material.c Ref. 6. d Also obtained for the product from | and acetic anhydride. e Based on the
transformation of 55% starting material into 2-chloro-3-acetamidopyridine. 1From 8.5 g. (0.066 mol.) of 2-chloro-3-pyri-
dinol, m.p. 164-165°, 11 is obtained in 22% yield with 4.4 g. of an unidentified produce, m.p. 184-186° (dec.). Anal. Found:
C, 46.26; H, 3.38; N, 12.34. 0A. Binz and O. v. Schickh, Ber., 68, 315 (1935). * Based on 50% recovery of starting material.

and that the product is 6-hydroxypyridotetrazole
(.

-NHj
-OH
-0H

i n
Hoo o

I. R
AR

Similar attempts to obtain the other five un-
known hydroxy- and aminopyridotetrazoles from
corresponding halopyridines have been unsuccess-
ful. Halogen in 2-bromo-4-nitropyridine, 2-chloro-3-
acetamidopyridine, 2-bromo-4-aminopyridine and
2-bromo-6-aminopyridine resists displacement by
the azido group in acid solutions of hydrogen
azide. Chlorine in 2-chloro-3-acetamidopyridine is
unrcactive to silver azide and in 2-chloro-3-
aminopyridine is unreactive to hydrazine.

Infrared absorption (Table 1) in the region 1100
to 1000 cm.-1 for | (three bands), Il (four bands)
and Il (three bands) in potassium bromide disks
may be characteristic of the tetrazole ring;3
however, absorption in the region 770 to 730 cm.-1
in which tetrazole absorption has been found,3
is less consistent.

Since each of the three compounds is transparent
in the region 2160-2120 cm.“12in either potassium
bromide disks or Ar,iV-dimethylformamide solu-
tion it is concluded that tautomeric azide structures
arc not present in either the solid state or in certain
solutions.

Ultraviolet absorption for 8-aminopyridotetra-
zole in ethanol at 288 nm¥x (log e 3.17) and for 8-
hydroxypyridotetrazole in ethanol at 270 mx

(2) J. H. Boyer and E. J. Miller, Jr., J. Am. Chem. Soc.,
81, 4671 (1959).

(3) E. Lieber, D. Levering, and L. Patterson, Anal.
Chem., 23, 1594 (1951) report that tetrazoles absorb between
1100 and 1000 cm.-1 where up to three bands may occur
and in the 763 to 758 cm.-1 and 741 to 735 cm.*1regions.

(log t 3.70) represents expected bathochromic shifts
from absorption at 260 mu (log e 3.72) for pyrido-
tetrazole in ethanol. Two bands for 6-hydroxypyri-
dotetrazole in ethanol, one at 292 mii (log e 2.49)
the other at 260 m/x (log e 2.50), are assigned to the
tetrazole (I11) rather than tautomeric 2-azido-5-
hydroxypyridine4 in agreement with its lack of
infrared absorption in the region 2160 to 2120
cm.“1

EXPERIMENTALS

8 Aminopyridotetrazole. A solution of 1.0 g. (0.009 mol.)
of 3-amino-2-chloropyridine m.p. 80-81°,640 ml. of ethanol,
and 10 ml. of water was added to a solution of 1.0 g. (0.016
mol.) of sodium azide, ,7 ml. of ethanol, and 15 ml. of water.
After addition of 5.0 ml. (0.024 mol.) and 4.8.V hydrochloric
acid, the solution was refluxed for 96 hr. and evaporated to
bring about precipitation of a solid which recrystallized
from benzene as colorless needles, m.p. 180-183° (dec.),
0.10 g. (32%, based on recovered 3-amino-2-chloropyridine).
Repeated recrystallization raised the melting point to 184-
185° (dec.). Neutralization of the original filtrate gave 0.7
g. of crude 3-amino-2-chloropyridine, m.p. 77-79°. Analytical
data and other similar preparations are described in Table
Il.

Acknowledgment We are indebted to Mr. R. T.
O’Connor, Southern Regional Research Laboratory
for infrared absorption data.

Chemistry Department
Tulane University

New Orleans 18, La.

(4) Absorption at 285 mji (log e 2.1) has been reported
for phenyl azide in ethanol (yu. N. Sheinker and M. V.
Lomonosar, Doklady Akad. a7auk S.S.S.R., 77, 1043 (1951).
Chem. Abslr., 45, 6927 (1951).

(5) Semimicro analyses by Allred Bernhardt, Max
Planck Institut Miilheim (Ruhr), Germany. Melting points
are uncorrected.

(6) O. v. Schickh, A. Binz, and A. Schulz, Ber., 69, 2593
(1936)
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The Reaction of Two Oxazolo(4',5'-3,4)-
coumarins with Alkali

Charles H. Stammer

Received October 28, I>8))

In connection with structure studies on the
antibiotic novobiocin,}2 we examined th»- reaction
of the substituted oxazole | with t Ikali. Because of

Arndt’s3 report that the unsubstituted oxazole A
was converted to the coumarin AT by alkali, we
expected | to be converted into the known cou-
marin4 I1. However, Il was not the product ob-
tained. Present evidence discussed in this paper
indicates that the acid 111 was the product.

We prepared the oxazole | by the conversion of
IV2into O-acetyl | 1with boiling acetic anhydride.
Deacetylation of this material with two equivalents
of alkali gave the phenol | in 62% yield over-all.
When | was treated with excess alcoholic sodium
hydroxide at room temperature, the product was
more acidic (pK'a4.2) than Il (pI\'a5.3) and its

(1) J. W. Hinman, E. L Caron, and H. Hoeksema, J.
Am. Chcm. Soc., 79, 3789 (1957).

(2) C. H. Stammer, E. Walton, A. N. Wilson, R. W.
Walker, N. R. Trenner, F. W. Holly, and Iv. Folkers,
J. Am. Chem. Soc., 80, 137 (1958).

(3) F. Arndt, L. Louve, R. Un, and E. Ayca, Ber., 319
(1951).

(4) Compound IV is written in the chromone rather than
the coumarin form for reasons discussed in ref. 2.
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ultraviolet and infrared spectra were different from
those of Il. In view of the considerable stability of
the oxazole ring to alcoholic alkali,5 it seemed
likely that the lactone ring of | had been opened
giving the carboxylic acid Ill. The physical prop-
erties of 111 were consistent with this formulation.
Sublimation of A at 200° did not reform the lac-
tone ring, but treatment with boiling acetic an-
hydride did cause lactonization to O-acetvl I.

In view of these results, we examined the re-
action of the unsubstituted oxazole A with alkali.
The coumarin AT was prepared by the procedure
of Huebner and Link6and was converted into the
oxazole V with boiling acetic anhydride. AVhen
A was allowed to react with excess alcoholic sodium
hydroxide at room temperature, the product was
not AT but an isomeric compound more acidic
(pK'a 4.4) than AT (pK'a5.0). The ultraviolet and
infrared spectra of the new acid, formulated as
ATI, were different from those of AT and were con-
sistent with structure ATI. As in the case of the
acid 111, ATI could be sublimed at 150° unchanged.
However, lactonization occurred readily in boiling-
acetic anhydride to give ATI.

The results outlined above show that the oxazole
rings of 11l and ATI were not opened by alkali
forming an acctamido 4-hydroxycoumarin. The
available data indicate that the lactone rings were
cleaved giving oxazole carboxylic acids such as
11 and VII.

EXPERIMENTAL

T-Acelory-S-niethyl-S-mcthylojrazolo (4',5'S,4)coumarin (O
nceUjl 1). A mixture of 1.0 g. of 3-acetamido-7-aeetoxy-4-
hydroxy-8-mcthylcoumarin (1V) and 20 ml. of acetic anhy-
dride was refluxed for 2 hr. during which time the solid
dissolved. The solution was allowed to stand at room tem-
perature overnight. The crystalline precipitate, 0.64 o.
(66%), m.p. 211-212°,7was collected on a filter and dried.
This product, 7-acctoxy-8-methyl-2-methyloxazolo(4',5'-
3,4)coumarin, was the same as that obtained by refluxing
a solution of novabiocin acid in acetic anhydride.1Obtained
by the latter method and recrvstallized from ethyl acetate,
the compound melted at 208-209° and showed X' )00 321
mM (e 9330), shoulder 314 (e 10.7001, 307 (e 12,200), 284
(« 12,800), shoulder 275 (e 10,800), 212 (e 24,000).

Anal. Calcd. for ChHuNOs: C, 61.64; H, 4.06; X, 5.13.
Found: C, 61.34; H, 3.84; N, 5.37.

7-Hydroxy-8-methyl-2-methyloxazolo(4',5'-8,4)coumarin
(1). A slurry of 546 mg. (2 mmoles) of 7-acetoxy-8-methyl-
2-methyloxazolo(4',5'-3,4)coumarin in 5 ml. of ethanol was
cooled in an ice bath and four 1-ml. portions of LY sodium
hydroxide were added at 5-min. intervals. The solid did not
dissolve until the solution was diluted to 20 ml. with water.
The final pH of the solution was 10.5-11.0. The solution was
filtered and the filtrate was acidified to pH 4 with 25.Y
hydrochloric acid. The white precipitate, 437 mg. (95%),
m.p. 310-317° (dec.), was collected on a filter and dried.

(5) R. H. Wilej' [Chem. Revs., 37, 401 (1945)1 states that
2-methyl-5-phenyloxazole, analogous to I, is stable to
alcoholic potassium hydroxide at 200°.

(6) C. F. Huebner and K. P. Link, J. Am. Chem. Soc.,
67, 99 (1945).

(7) All melting points were taken on a Kofler.Micro Hot
Stage.
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The product was recrystallized from 1:5 water -dimethyl-
formamide giving 311 mg., m.p. 295-303° (dec.), of 7-
hydroxy-8-methyl-2-methyloxazolo(4',5'-3,4)coumarin  (1).
An analytical sample was prepared by recrystallization of a
small sample from 1:3 water-dimethylformamide and 1:1
water-dimethylformamide successively.

Anal. Calcd. for CAHINO4: C, 62.34; H, 3.92; N, 6.06.
Found: C, 62.22; H, 3.89; N, 6.51.

Other physical properties of | were: 316 mu («,
18,500), shoulder 295 (e, 9450), shoulder 249 (e, 10,150),
2440 (e, 10,500); pK? 9.6; X™* 572 (C=0), 6.03.

ometric titration of the compounds in 70% acetone-water
mixtures.

4-Carboxy-5-(2,4-dihydroxy-3-methylphenyl)-2-methyl-
oxazole (111). To aslurry of 231 mg. (1 mmole) of 7-hydroxy-
8-methyl-2-methyloxazolo(4',5'-3,4)coumarin (I) in 5 ml.
of ethanol was added 10 ml. of 0.6N sodium hydroxide. The
yellow-green solution was allowed to stand overnight at
room temperature and then evaporated in vacuo to about 3
ml. The solution was diluted to about 8 ml. with water and
acidified with 2.5;V hydrochloric acid. The precipitate
weighed 273 mg. When this material was heated on the Micro
Hot Stage, it changed crystal form at 115-125°, sublimed
at 180°, and decomposed at 290-300°. Two crystallizations
of this product from water gave 88 mg. of 4-carboxy-
5-(2,4-dihydroxy-3-methylphenyl)-2-methyloxazole, transi-
tion 228-233°, 290-300° (dec.)"

Anal. Calcd. for C,2H,,NO5: C, 57.83; H, 4.45; N, 5.62.
Found: C, 57.59; H, 4.40; N, 6.17.

Other physical properties were X’33H300 m/i (e, 13,200),
222 (i, 20,400); pK/ 4.2; X™*589 (C=0), 6.17.

For comparison with 11, we here record our physical data
on 3-acetamido-4,7-dihydroxy-8-methylcoumarin (I1): m.p.
280-281°; X'k°H 316 m« (*, 52701, 292 (e, 2660), shoulder
249 (e, 3160), 245 (e, 3210); pKa' 5.3; xf 6.09, 6.18.

When I11 was sublimed at 200-220° and ca. 0.1 mm., the
crystalline sublimate melted at 315-325° (dec.) with a transi-
tion 220-230°. Apparently no lactonization to | had oc-
curred. Refluxing acetic anhydride, however, converted 111
into O-acetyl | in 40 min. The crude product obtained melted
at 200-204° and its mixture with authentic O-acetyl |
melted at 204-209°.

4-Carboxy-5-(2-hydroxyphenyl)-2-melhyloxazole (VII). A
slurry of 380 mg. (2 mmoles) of the 2-methyloxazolo(4',5'-
3,4)coumarin6V (m.p. 195-196°) in 10 ml. of ethanol was
treated with 20 ml. of 0.6M sodium hydroxide. A yellow-
green color formed in the solution and the oxazole slowly
dissolved. After 16 hr. at room temperature, the solution
was evaporated in vacuo to a volume of about 2 ml. and
acidified with concentrated hydrochloric acid. The crude
product, 380 mg. (92%), melted at 165-170°. After one
recrystallization from ethyl acetate, the 4-carboxy-5-(2-
hydroxvphenyl)-2-methyloxazole (VII), 175 mg., melted at
170-173°. After one further recrystallization from ethyl
acetate, the product had m.p. 171-174°; X33H 295 mix
(e, 5400), 262 (e, 8240), pKa' 4.4; X*i* 6.01, 6.18.

Anal. Calcd. for CnHINO04: C, 60.27; H, 4.14; N, 6.39.
Found: C, 60.44; H, 4.38; N, 6.47.

We obtained the following physical data on 3-acetamido-
4-hydroxycoumarin (V1) in order to compare it with the
acid VII obtained above: m.p. 229-230°, Xi80H 316 m/x
(«, 11,700), shoulder 295 (e, 9450), 282 (e, 8320); pH;
5.0; X™*5.93 (C=0), 6.13.

When the acid VII was sublimed at 150-160° and ca.
0.05 mm., the sublimate melted at 175-178°. Apparently
no lactonization to V, m.p. 195-196°, had occurred. How-
ever, when V11 was treated with refluxing acetic anhydride
for 30 min., a 64% vyield of oxazole V crystallized from the
solution.

Merck Sharp & Dohme Research Laboratories
Division of Merck & Co., Inc.
Rahway, N. J.

NOTES 461

The Isomerization of Some Aziridine Deriva-
tives. 111. A New Synthesis of 2-Imidazolines

Harold W. Heine and Howard S. Bender
Received September 28, 1059

Previous work in this laboratory has been con-

C . cerned with the isomerization of 1-aroylaziridines.12
(8)  All pK,, values are pH *>values obtained by potenti- For

example. I-p-nitrobenzoyl-2,2-dimethylaziri-
dine has been selectively isomerized to 2-p-nitro-
phenyl-4,4-dimethyl-2-oxazoline, 2-p-nitrophenyl-
5,5-dimethyl-2-oxazoline, or N-"-methallyh-p-ni-
trobenzamide by sodium iodide in acetone, con-
centrated sulfuric acid, or refluxing heptane re-
spectively. We now wish to report the synthesis
and isomerization of a new class of aziridine deriva-
tives, the I-(iV-arylbenzimidoyl)aziridines.

The I-(N-p-nitrophenylbenzimidoyl)aziridine (1)
and the I-(N-phenyl-p-nitrobenzimidoyl)aziridine
used in the present study were prepared by reaction
of the corresponding N-arylbenzimidoyl chloride
with aziridine in benzene containing triethylamine:

CH2— OIL

Cl CH2

1
Ar—C=N—Ar + H—l\/

' CH2

(CHIILN
Ar—C=N Ar

The N-p-nitrophenylbenzimidoyl chloride reacted
much faster with aziridine than did N-phenyl-p-
nitrobenzimidoyl chloride. Evidently N-arylbenz-
imidoyl chlorides are much less susceptible to
nucleophilic attack when a strong electron-with-
drawing group is attached to the benzimidoyl
moiety than when it is attached to the N-aryl
moiety.

The I-(N-arylbenzimidoyl)aziridines in acetone
solutions containing iodide ion or thiocyanate ion
smoothly undergo isomerization to 2-imidazolines.
Thus | was converted in over 90% vyield to 1-p-

nitrophenyl-2-pheny1-2-imidazoline  (11):
CH2— CH2
[ I-01SCN
p-0 NCAHAN=C— 0 BHs ------------ >
| Cll2—ch2
p-ohcthéd—n
C=N
CtHs

The structure of Il was confirmed by comparison
of infrared spectra and by mixed melting point

(1) H. W. Heme and 'L Proctor, J. Org. Chern., 23, 1554
(1958).

(2) H. W. Heine, M. E. Fetter and E. M. Nicholson,
J. Am. Chem. Soc., 81, 2202 (1959).
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with an authentic sample of Il prepared by the
method of Partridge and Turner.31n an analogous
experiment I-(V-phenyl-p-mtrobenzimidoyl)aziri-
dine was converted into I-phenyl-2-nitrophenyl-2-
imidazoline.

The 2-imidazoline is probably formed by a two
step process involving first a nucleophilic attack
of iodide or thiocyanate ion on the methylene group
of the aziridine ring to form an amidino ion llia
as an intermediate. This step is quite similar to the
opening of the ethylene oxide ring by iodide ion45
or thiocyanate ion6 to form the corresponding f}+
substituted alkoxide ions. The second step of the
process is the displacement of the iodide ion or
thiocyanate ion by the negatively charged nitrogen
of the resonance hybrid Mb:

I ~or 1fN
| p-ONCEH ,N=C—N-—CH:CH:2l <—>
SCN-
cthb
llia

p-ONCEH4AN—C=NCHZHA — > 1l

;|6
b

This mechanism requires the displacement of
thiocyanate ion from carbon which, while unusual,
is not entirely without analogy.789

Alternatively, the isomerization may also take
place by the addition of the iodide or thiocyanate
ion to the benzimidoyl carbon to give the inter-
mediate 1V -which subsequently cyclizes to the
imidazoline:

CH2— CH2
\

( cy
p-ONCEH4—N—C—CaHs — > 11
ij
v

2-Propanol can also be used as a solvent for
carrying out the isomerization. Thus | rearranged
to Il in over 94% vyield in 2-propanol containing
iodide ion. Under these same experimental condi-
tions, 1-p-nitrobenzoylaziridine isomerized to 2-
p-nitrophenyl-2-oxazoline in high yield. The latter
result was contrasted with methanolic solutions

(3) M. W. Partridge and H. A Turner, J. Chem. soc.,
1308 (1949).

(4) L. P. Hammett, Physical Organic Chemistry, McGraw-
Hill Book Company, Inc., New York, 1940, pp. 301-302.

(5) J. N. Bronsted, M. Kilpatrick, and M. Kilpatrick,
J. Am. Chem. Soc., 51, 428 (1929).

(6) P. L. Nichols, Jr., and J. D. Ingham, J. Am. Chem.
Soc., 77, 6547(1955).

(7) L. Hagelberg, Her., 23, 1083 (1890).

(8) H. P. Kaufmann, E. Gindsberg, W. Rottig, and It.
Salchow, Ber., 70, 2519 (1937).

(9) J. R. Siegel and D. H. Rosenblatt, J. Am. Chem.
Soc., 80, 1753 (1958).
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containing iodide ion whereupon 1-p-nitrobenzoyl-
aziridine formed methyl p-nitrobenzoate in 95%
yield.2

Acid catalyzed methanolysis of |-(V-p-nitro-
phenylbenzimidoyl)aziridine and 1-p-nitrobenzoyl-
aziridine gave, as expected, A-p-nitrophenyl-
V'-2-methoxyethylbenzamidine and -V-2-methoxy-
ethyl-p-nitrobenzamide respectively. The structures
of these two products were confirmed by inde-
pendent syntheses.

EXPERIMENTAL

I-(N-p-nitrophenylbenzimidoyl)aziridine. To a 300 ml.
flask equipped with a stirrer, drying tube and dropping
funnel was added 1.1 g. of aziridine, 5.05 g. triethylamine
and 70 ml. of dry benzene. Over the course of 1hr. a solution
of 6.52 g. of AFp-nitrophenylbenzimidoyl chlorideD (m.p.
113-114.5°) in 100 ml. of benzene was added. The mixture
was stirred at room temperature for 12 hr., the triethylamine
hydrochloride filtered, and the solvent evaporated. A crude
yield of 6.6 g. melting at 116-120° was obtained. The sub-
stituted aziridine was recrystallized in small portions from
2-propanol to give material melting at 132-134°.

Anal. Calcd. for CiHj3ND 2 N, 15.71. Found: N, 15.80.

I-(N-phenyl-v-nitrobenzimidoyl)aziridine. To a mixture of
2.2 g. of aziridine, 10.1 g. of triethylamine, and 70 ml. of
benzene was added slowly (1 hr.) a solution of 131 g. of N-
phenyl-p-nitrobenzimidoy! chloridellin 100 ml. of benzene.
The mixture was heated to 40° and stirred for 43 hr. The
triethylamine hydrochloride was filtered and the solvent
evaporated to give 13.1 g. of crude product melting at 81-
84°. Recrystallization twice and in small portions from
cyclohexane gave product melting 94-96°.

Anal. Calcd. for CuHnNatb: N, 15.71. Found: N, 15.75.

Isomerization of 1-(N-p-nilrophcny[benzimidoyl)aziridine
(). One hundred milligrams of 1 was added to 50 ml. of
acetone containing 274 mg. of sodium iodide. The mixture
was refluxed 3.5 hr., the solvent evaporated, and the residue
washed with water and filtered. The crude 1-p-nitrophenyl-
2-phenyl-2-imidazoline weighed 98 mg., turned slightly
amber on heating, and melted at 172-175°. A mixed melt-
ing point with an authentic, sample of the 2-imidazoline3
showed no depression of melting point. An infrared spectrum
of the crude product was identical with the spectrum of the
authentic sample. Other experiments using smaller quantities
of sodium iodide {e.g. 20 mg.) and the same reaction time
gave only slight, conversion. However, a 93% yield of crude
imidazoline was obtained using 100 mg. I, 50 ml. acetone,
and 20 mg. sodium iodide with a reflux period of 76 hr.

Isomerization of | by potassium thiocyanate. To a solution
of 50 ml. of acetone and 1 g. of potassium thiocyanate was
added 100 mg. of |. The mixture was refluxed for 47 hr., the
solvent evaporated, and the residue washed with water and
filtered. The crude I-p-nitropheny!-2-phenyl-2-imidazoline
weighed 94 mg. and melted at 169-174°.

Rearrangement of I-(N-phenyl-p-nilrobenzimidoyl saziridine
(V). One hundred milligrams of V was added to 50 ml. of
acetone containing 250 mg. of sodium iodide. The reaction
mixture was refluxed 3 hr. and worked up as described
above. A crude yield of 96 mg. of I-phenyl-2-p-nitrophenyl-
2-imidazoline melting at 102-104° was obtained. Mixed
melting point determinations of the isomerized product
with a sample of authentic I-phenyl-2-p-nitrophenyl-
2-imidazoline melted 102-108°. Infrared spectra of the two
samples were identical.

I-Phenyl-S-p-nitrophenyl-3-imidazoline. To a 200 ml.
round-bottom flask equipped with a condenser and drying

(10) O. Mumm, Ber., 43, 892 (1910).

(11) R. C. Shah and J. S. Chanbal, J. Chem. Soc., 651
(2932).
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tube were added 5.75 g. of phosphorus pentachloride and
6.85 g. of VV-2-bromoethyl-p-nitrobenzamide.2 The mixture
was heated for 120 hr. To this mixture was added 2.33 g.
of aniline dissolved in 70 ml. of benzene. After an additional
24 hr. of refluxing, the phosphorus oxychloride which was
formed and benzene were evaporated by means of a water
aspirator and water bath. The resulting brown oil was
poured into 250 ml. of hot water, the solution neutralized
with ammonium hydroxide, and the organic material ex-
tracted with chloroform. The chloroform extracts were
filtered through a norit pad and evaporated. The yellow
crystalline residue was recrystallized twice from 50%
aqueous ethanol and melted at 109-111°. A crude yield of
3.1 g. was obtained.

Anal. Calcd. for CEHIN3I2: N, 15.71. Found 15.71.

Acid methanolysis of I. To a mixture of 50 ml. of methanol
and 36 mg. of concentrated sulfuric acid was added 100 mg.
of 1. The mixture was refluxed 3 hr., neutralized with
several drops of 30% sodium hydroxide, the solvent evapo-
rated, and the residue washed with water and filtered. A
yield of 98.9 mg. of crude N p-nitrophenyl-N'-2-methoxy-
ethylbenzamidine melting at 87-89° was obtained. An infra-
red spectrum of the crude product was identical with spec-
trum of an authentic sample of the amidine. Recrvstalliza-
tion of the crude product from cyclohexane gave crystals
melting 95-97°.

N-p-nitrophenyl-N’-%-methoxyethylbenzamidine. To 3.25 g.
of W-p-nitrophenylbenzimidoyl chloride was added 1.60 g.
of 60% aqueous 2-methoxyethylamine. After the reaction
subsided, the mixture was allowed to cool to room tempera-
ture and 40 ml. of water was added. The mixture after stand-
ing overnight gave 3.4 g. of material melting at 80-85°.
Recrystallization from cyclohexane gave crystals melting
at 95-97°.

Anal. Calcd. for CEHIN3O3 N, 14.04. Found 14.51.

Acid methanolysis of 1-p-nitrobenzoylaziridine. To a solu-
tion of 14 mg. of 98% sulfuric acid in 60 ml. of methanol was
added 384 mg. of 1-p-nitrobenzoylaziridine. The reaction
mixture was allowed to stand 13 hr. at room temperature,
the solvent was then evaporated, and the residue was washed
and filtered. A yield of 422 mg. of A-2-methoxyethyl-p-
nitrobenzamide melting at 109-113° and having an infrared
identical with an authentic sample13was obtained.
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“1-Phenylazetidine” and an Unusual
Ilofmann-Martius Reaction

A. Fischer, R D. Topsom, and J V aughan

Received September 8, 1959

In 1899 Scholtzl claimed to have prepared 1-
phenylazetidine [N-phenyltrimethyleneimine (1)]
by the reaction of 1,3-dibromopropane with
aniline. Not only is this the sole recorded prepara-
tion of an azetidine from the reaction of a dihalide
with an amine,2 but on no other occasion has the

(1) M. Scholtz, Ber., 32, 2252 (1899).
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isolation of any N-arvl derivative of this ring been
claimed. Scholtz obtained the compound, in small
yield, as a low-boiling fraction when distilling his
main reaction product, which was A%V'-diphenyl-
trimethylenediamine (I1). Hanssen3 had pre-
viously prepared the diamine (1) by this method
but failed to distill it owing to extensive decomposi-
tion. Veer4later carried out the same preparation.
He differed from Hanssen in distilling the diamine
(I1) quite readily, and differed from Scholtz in
obtaining only aniline, and no trace of the cyclic
compound (1), in the very small first runnings of
his distillation.

In repeating Scholtz’s preparation, we found that
during the distillation of diamine (l1), the “low-
boiling” fraction could be separated into aniline,
and a material answering to Scholtz’s description
of the azetidine (1). This description, however, also
fits the secondary amine 1,2,34-tetrahydroquin-
oline (HI), with which the compound was readily
identified.

When the diamine (I1) was carefully freed from
acid (following Veer’s4procedure of repeated water
and ether extractions) it could, indeed, be distilled
unchanged, but the monohydrobromide of Il was
found to break down smoothly at 230-250° into
aniline and the reduced quinoline (I11). With
smaller amounts of hydrobromic acid present,
decomposition of Il was less rapid and although
breakdown was still perceptible with *“catalytic”
guantities, it was found convenient to use 0.1
mol. hydrobrcmic acid. Under these conditions
the yield of purified 111, over several runs, was 50%
of theory (on scheme below), with an apparently
guantitative yield of aniline.

It seems likely that formation of the compound
(1) is the result of an interesting Hofmann-
Martius reaction:

On this scheme, the results obtained by Hanssen,
Scholtz, and Veer are understandable, because
incomplete removal of acid from the diamine (11)
should result, at distillation temperature, in re-
action of the type postulated. It is of interest that
Scholtz prepared the o-tolyl analog of Il. His pre-
distillation treatment of this compound resembled
that of Veer and consequently no breakdown prod-
ucts of distillation were reported. We find that
addition of 0.1 mol. hydrobromic acid to this

(2) S. A Ballard and D. S. Melstrom, in Heterocyclic
Compounds (ed. Elderfield), John Wiley & Sons, Inc., New
York, 1950, Vol. 1, p. 87.

(3) A. Hanssen, Ber., 20, 781 (1887).

(4) W. L. C. Veer, Rec. Trav. Chim., 57, 989 (1938).
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diamine leads to smooth decomposition at 240°
to give 8-methyl-1,2,3,4-tetrahydroquinoline in
50-60% vyield. The recovery of o-toluidine appears
to be somewhat above that expected on the simple
reaction scheme.

It may be added that in the initial preparation of
11 by Hanssen’s route,8yield of the diamine could
be increased to 85% by use of excess aniline, re-
covery of which was satisfactory.

EXPERIMENTAL

X,X'-diphenyltrimethylenediamine (I1). On our scale of
preparation, high yields proved possible when the ratio of
aniline: 1,3-dibromopropane was ca. 10:1. Aniline (128.0
g.) and dibromopropane (25.0 g.) were hewed together on a
steam bath. After 30 min., solid aniline hydrobromide sud-
denly appeared in mass The material was diluted with 300
ml. diethyl ether and shaken with ammonia. The ethereal
extract was then washed with water, dried over anhydrous
potassium carbonate, and ether removed by distillation at
normal pressure. Distillation at 20 mm. allowed recovery of
aniline (102.2 g. = 97% of initial excess) and further
fractionation of the residue at 0.1 mm. gave 23.8 g. of the
required compound (I1) (85% theory, b.p. 189-192° at 1
mm. :ri'n 1.6257).

Rearrangement of I1. It was found convenient to work with
a molar ratio of hydrohromic acid: Ak.Y'-diphenyltci-
methylenediamine of 1:10. To 14.3 g. of Il was added 0.5
ml. hydrohromic acid (S.G. 1.7) and the mixture was heated
(oil bath) in a simple Claissen distillation apparatus under
12 mm. pressure. Between 230° and 240° (oil bath tem-
perature), nearly all the reaction material decomposed to
give 131 g. of distillate. This distillate was carefully frac-
tionated under reduced pressure to yield 6 g. aniline and 4.3
g. of 111 (51% of theory; b.p. 122-124°/15 mm., 130°/21
mm. ; hjulrochloride m. 180-181°; benzoylated under
Schotten-Baumann conditions to give benzovl derivative
m.n. 76°): lit, b.p. of 1,2,3.4-tetrahydroquinoline, b.p. 245-
250° at 755 mm.: hydrochloride, m.p. 181°; benzoyl deriva-
tive, m.p. 76°.

Rearrangement of K,N'-di-o-tohyltrimethylenediamine. To
16.3 g. of this diamine (prepared, in similar manner to II,
in 78% yield) was added 0.5 ml. hydrohromic acid in 25
ml. ether. After shaking well, the ether was removed, and
the residual liquid decomposed as for compound Il. Re-
arrangement took place smoothly at 240-250° (oil bath),
giving 14.6 g. distillate. Fractionation of this distillate
finally gave 7.75 g. o-toluidine and 4.85 g. of 8-methyl-
1,2,3,4-tetrahvdroquinoline  (53% yield). The reduced
quinoline (nts 1.5870) was fully characterized by a benzoyl
derivative m.p. 108.5°, hydrochloride m.p. 215°, and by
dehydrogenation (standard procedure using sulphur) to
8-methylquinoline (n™ 1.6148, picrate m.p. 205° unchanged
by addition of authentic sample).

Department of Chemistry
University of Canterbury
Christchurch, N. Z

The Rate of Hydrolysis of
1,2-Naphthoquinone-I -imine

Charles C. Irvinc,
Received August 10, 1959

Although the ease of hydrolysis of quinone
imines to quinones has been recognized qualita-
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tively,12 no quantitative data are available con-
cerning the rate of this reaction, as quinone
imines generally cannot be obtained sufficiently
pure for rate measurements. However, the avail-
ability of the pure o-quinone imine, 1,2-naphtho-
quinone-1-imine,3 has permitted a determination
of its rate of hydrolysis in aqueous solvents.

1,2-Naphthoquinone-l-imine was stable for
several hours in 95% ethanol but was rapidly
hydrolyzed to the o-quinone in alcohol-water mix-
tures which contained less than 75% ethanol.
The first order rate constants for the hydrolysis
of 1,2-naphthoquinone-l-imine are listed in Table
. After 1,2-naphthoquinone-l-imine had been
completely hydrolyzed (thirty minutes in 10%
ethanol), only 1,2-naphthoquinone could be de-
tected in the solution by ultraviolet spectrophotom-
etry.

TABLE |

R ate Constants for the Hydrolysis of 1,2-Naphtho-
gttinone-l-imtne in Aqueous E thanol at 25°

Ethanol

concentration 104Kk.,.,,,

(% by volume) (msec.-1)
95 0.57
75 1.3
55 4.8
40 8.7
25 14.9
10 34.8

In contrast to the moderate stability of 1,2-
naphthoquinone-l-imine in 95% ethanol, 1,2-
naphthoquinone-I-benzimide was unstable in this
solvent. The instability of 1,2-naphthoquinone-I-
benzimide in 95% ethanol was not due to its hy-
drolysis but to the formation of an adduct, N-
(x-ethoxy-2-hydroxy-I-naphthyl)benzamide, m.p.
160-161°. The isolation of this adduct has been
reported previously.4

Nevertheless, A™-acylated derivatives of 1,2-
naphthoquinone-l-imine were more resistant to-
wards hydrolysis in aqueous systems than the o-
quinone imine itself. 1,2-Naphthoquinone-I-benz-
imidc was stable for as long as two hours in 20%
aqueous dioxane. The quinone imide was also
stable in mixtures of 0.1 M phosphate buffer-
dioxane (8:2, by volume) of pH 6.1 and 7.3 for a
minimum of twenty minutes, this being the long-
est time interval over which observations were

(1) L. F. Fieser and M. Fieser, Organic Chemistry,
3rd Ed., Reinhold Publishing Corporation, New York,
N. Y., 1956, p. 715.

(2) N. V. Sidgwick, T. W. J. Taylor, and W. Baker, The
Organic Chemistry of Nitrogen, Oxford University Press,
Oxford, England, 1937, p. 97.

(3) A Luttringhaus and H. Wulff, Angew. Chem., 67,
274 (1955).

(4) C. C. Irving and II. R. Gutmann, J. Biol. Cliem., 234,
2878 (1959).
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made. Increasing the final pH to 8.3 in the buffered
solvent system resulted in the slow hydrolysis of
1,2-naphthoquinone-I-benzimide (rate constant:
0.67 X 10~!sec.-1 at 25°). The rate of hydrolysis
of 1,2-naphthoquinone-l-acetimide in the buffered
aqueous dioxane at pH 8.3 was almost three times
faster (rate constant: 1.80 X 10-4 sec.-1 at 25°)
than the rate of hydrolysis of 1,2-naphthoquinone-
I-benzimide in the same solvent system. After
a solution of 1,2-naphthoquinone-l-acetimide in
buffered aqueous dioxane at pH 8.3 had stood for
several hours, the visible spectrum of the solution
was identical with that of a solution of 1,2-naph-
thoquinone.

EXPERIMENTAL

12-
naphthoquinone-l-acetimide4 and 1,2-naphthoquinone-I-
benzimide6 were prepared by published methods. Dioxane
was purified according to Fieser.7 The visible and ultra-
violet spectra were recorded on a Beckman Model DR
Spectrophotometer.

1.2-  Naphthoguinone-I-inline in aqueous ethanol.
parison of the ultraviolet absorption spectra of 1,2-naphtho-
quinone and 1,2-naphthoquinone-I-imine is shown in Fig. 1.
The rate of decrease in absorbance at 259 mx was used to
measure the rate of hydrolysis of 1,2-naphthoquinone-
I-imine in aqueous ethanolic solutions. The concentration
of 1,2-naphthoquinone-l-imine was calculated from the
equation:

[QT], = E‘«-i~1 1_Q!£rf°

where
[Qlh = concentration (mol. per 1) of 1,2-naphtho-
quinone-l-imine at time, t
E( = absorbance at time, t
[Ql'lu = initial concentration (mol. per 1) of 1,2-naphtho-
quinone-l-imine
og = molar extinction coefficient of 1,2-naphtho-
quinone-l-imine at 259 mu (log e = 4.30)
€ = molar extinction coefficient of 1,2-naphtho-
quinone at 259 mp (log e = 4.17).
The first order rate constants were calculated from the

data obtained from the plot of the log of the concentration
of 1,2-naphthoquinone-I-imine versus time in minutes. The
rate plots were linear for the time intervals observed: 60
min. for 95-40% ethanol, 30 min. for 25% ethanol and 10
min. for 10% ethanol.

1.2-
benzimide in aqueous dioxane. 1,2-Naphthoquinone-l-acet-
imide and 1,2-naphthoquinone-l-benzimide have absorp-
tion maxima at 360 my in aqueous dioxane (20% dioxane
by volume). The position of the maxima did not shift as
the pH of the solution was changed from 6.1 to 8.3. The
concentrations of solutions of 1,2-naphthoquinone-l-acet-
imide (log eMd = 3.58) and of 1,2-naphthoquinone-l-benz-
imide (log eib = 3.68) were determined from their absorb-
ancies at 360 my. Since the rate of hydrolysis of these

(5) L. F. Fieser, Org. Syntheses, Coll. Vol. Il, John Wiley
and Sons, Inc., New York, N. Y., 1943, p. 430.

(6) R. Adams and J. M. Stewart, J. Am. Chem. Sac., 74,
5876 (1952).

(7) L. F. Fieser, Experiments in Organic Chemistry,
3rd Ed., D. C. Heath and Company, New York, N. Y.,
1955, p. 285, procedure (a).

A com-

Naphthoquinone-l-acetimide and 1,2-naphthoquinone-I-
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Naphthoquinone,6 1,2-naphthoquinone-I-imine,3 1,2-

Wavelength , nya

Fig. 1 Ultraviolet absorption spectra of 1,2-naphtho-

quinone (1) and 1,2-naphthoquinone-l-imine (2) in 95%
ethanol

quinone imides was only slight, absorption at 360 my due
to the hydrolysis product, 1,2-naphthoquinone, was neg-
ligible during the initial time periods.8

R adioisotope Service

Veterans Administration Hospital and
Department of Physiological Chemistry
University of Minnesota

Minneapolis

(8) Present address: Radioisotope Service, VA Medical
Teaching Hospital, Memphis 15, Tennessee.

2-Imino-4-oxo-5-thiazolidineacetic Acid and
Its Derivatives

A. N Arakelian, H D unn,\]r., L L Grieshammer, and
I,. E. Coteman

Received October 33, 1959

Tambachland Amdreash2in 1894-1895 reported
that thiourea reacts in the enol form with maleic
acid or fumaric acid to yield the 2-imino-4-oxo-5-
thiazolidineacetic acid, 1. Structure was proved

SH
chcon hzc=nh
1 11
chcon hzicsnh?2
HN- -c=o0
I
HN=C CH CH.COH

(1) R. Tambach, Leieb. Ann., 280, 233 (1894).
(2) R. Andreash, lionatsch., 16, 789 (1895).
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TABLE |
2-1XIINO-4-OXO-5-THIAZOLIDIXEACETIC ACID AND DERIVATIVES
Yield, Nitrogen, % Sulfur, %
Itern Reactant Solvent 'S M.P. Calcd. Found Calcd. Found
1 Maleic acid Alcohol 22 246 dec.” 16.05 16.00 18.43 18.32
2 Fumaric acid Alcohol 74 244 dec. 16.05 15.80 18.43 18.25
3 Maleic anhydride Methyl ethyl 94 246 dec. 16.05 16.10 18.43 18.39
ketone
4 Diethyl maleate Alcohol 51 159-160.5s 13.80 14.00 15.80 16.20
5 A-Bi~dmaleimide Alcohol 66 184-185 18.30 18.30 13.90 14.20
6 A-Octylmaleimide Alcohol 73 193-195 14.20 14.70 11.20 11.20
7 Af-Decylmaleimide Alcohol 72 197-198.5 13.58 13.30 10.35 9.87
8 iV-Dodecylmaleimide Alcohol 84 197 11.80 12.20 8.98 9.08
1,3-Dibutylthiourea
9 Maleic anhydride Methyl ethyl 66 82-83 9.79 9.82 11.18 11.20
ketone
0210° dec., ref. 1 s 104-166°, ref. 3.
TABLE 11
Ultraviolet Absorption Spectra of
R'N-----C=0
X=O  CH—CHoCOR
V
Item R R Xrag A ¢ x 10-3 A ma A ¢ x 10-3
1 —OH —II 2213 21.9 2503 9.6
2 —OH —H 2217 21.2 2507 9.4
3 —OH —H 2218 20.9 2510 8.9
4 —O0C215 —I1 2218 20.5 2500 9.7
5 —nhc4i9 —H 2215 23.4 2504 9.9
6 —nhch,, —II 2216 20.5 2511 8.7
7 —NHC,dH2 —H 2218 21.2 2508 9.2
8 —nhclh3 —H 2211 22.2 2503 9.7
9 —OH —C<H, 2200 16.6 — —

hv ring degradation. Recently, Japanese workers3
reported that diethyl maleate reacts with thiourea
to give the ethyl ester of I. Benzoyl peroxide was
used as catalyst and a low yield of product was
obtained. The AT-ethylacetamide derivative of |
was reported by Marrian,4 who treated A-ethyl
maleimide with thiourea.

In the course of study in our laboratory, we have
made a more complete investigation of the reactions
of thiourea with maleic acid, fumaric acid, maleic
anhydride, diethyl maleate, and a series of N-
alkylmaleimides. The resultant compounds were
characterized by melting point, chemical analysis,
and the infrared and ultraviolet absorption spectra.

Table 1 describes the various 2-imino-4-0xo-5-
thiazolidineacetic acids and derivatives prepared
from thiourea. Fumaric acid, maleic acid, diethyl
maleate, and the four iV-alkylmaleimides reacted
readily in an alcohol solvent (ethanol-methanol
(8:19)m() to give the desired products. Reaction
was slow or incomplete in methyl ethyl ketone.
Maleic anhydride, on the other hand, reacted well

in methyl ethyl ketone but gave very little reaction
in the alcohol solution. Reaction of 1,3-dibutyl-
thiourea with maleic anhydride in methyl ethyl
ketone gave the product, Il, which is also de-
scribed in Table I.

0
/
CH—C Il H
\ .
O + CHNCSNCJII9— >
[
CH—C
I
0
CHYN—C=0
C419N=C CH—CH,COH

The ultraviolet absorption data of these com-
pounds are shown in Table Il. Compounds pre-
pared from thiourea absorbed at 2211-2218A
and 2500-2511A while the parent compound from
1,3-dibutylthiourea and maleic anhydride absorbed

(3) A Nagasaka, R. Oda, and S. Nukina, J. Chem. Soc. only at 2200A. The absence of the 2500A absorp-

Japan, 57, 169 (195-1).
(1) D. Il. Marrian, J. Chem. Soc., 1797 (1949).

tion in Il indicates that this peak is probably due
to the tautomerism in the cyclic structure, I,
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—C—N—C—,
TR
H NH
—C=N—C—, >—C—N=C—
| I 1 |
OH NH 0 NH2

which would be prevented by replacement of the
AFhydrogen atoms by butyl groups.

EXPERIMENTAL

The compounds were prepared by heating equimolar
amounts of reactants to reflux in either methyl ethyl ketone
or the ethanol-methanol solvent for 3-38 hr. Analytical
samples were purified by recrystallization from ethanol.
All melting points are unoorrected. The ultraviolet absorp-
tion spectra were determined in ethanol using a Beckman
DK-2 recording spectrophotometer.

Acknowledgment. The authors wish to thank Mr.
H. Ferber for the chemical analysis of the com-
pounds reported in this paper.

Chemical Research Laboratory
The Lubrizol Corporation
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Organic Sulfur Compounds. 11.1 Synthesis of
Indanyl Aryl Sulfides, Sulfoxides, and Sul-
fones

Alexis A. Oswald

Received October 26, 1959

Cracked petroleum distillates contain indene
and aromatic thiols23 and it is possible that an
addition reaction between these compounds can
occur. Therefore, a study of these compounds was
undertaken with emphasis on the ease with which
addition is accomplished and to determine the
properties of the resulting indanyl aryl sulfides.

It was found that aromatic thiols readily add
to indene even in the absence of any added per-
oxide catalyst. The addition yielded the same sul-
fides in the presence or absence of peroxide catalyst.
It is assumed, therefore, that thiol-indene addition
reactions normally proceed by a radical mechanism.
The addition products are formulated as 2-indanyl
derivatives, since the ionic addition of acids gives
l-indanyl derivatives.45The 2-indanyl aryl sulfides
obtained are white crystalline compounds soluble
in hydrocarbons. An aliphatic thiol, n-butanethiol,
reacted with indene at a much slower rate than

(1) For the preceding communication of this series, see
J. Org. Chem., 24, 443 (1959).

(2) A. N. Sachanen, The Chemical Constituents of Petro-
leum, Reinhold Publishing Corp., New York, N. Y., 1945,
p. 265.

(3) G. S. Windle, Petroleum Refiner, 23, No. 2, 83 (1944).

(4) W. J. Pope and J. Read, J. Chem. Soc., 101, 758
(1912).

(5) R. Weissgerber, Ber., 44, 1436 (1911).
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aromatic thiols. The reaction product, 2-indanyl
butyl sulfide, is a colorless liquid.

As expected, these sulfides can be oxidized by
hydrogen peroxide to the corresponding sulf-
oxides and sulfones which are less soluble in hydro-
carbons in the order mentioned. 2-Indanyl-4-
tolyl sulfoxide was also prepared by adding equiv-
alent amounts of 4-toluenethiol and cumene hy-
droperoxide to an n-heptane solution of indene.
In this case, the hydroperoxide at first acted as a
catalyst for addition, and then as an oxidizing
agent for the sulfide formed. Some physical proper-
ties and analytical data of the compounds synthe-
sized are shown in Table I.

1-Indanyl aryl sulfides were also synthesized by
treating I-chloroi:idane6 with sodium thiopheno-
lates in benzene-isopropyl alcohol. The ]-indanyl,
phenyl, and tolyl sulfides prepared were colorless
liquids. They had slightly lower boiling points at
2 mm. pressure than the corresponding 2-indanyl
aryl sulfides. The main absorption peaks in the
spectra of I-H and I1I-1V, shown in Table I,
were the same. However, triplets between 5.2 and
5.6 i had peaks at slightly different wave length.
To get a more convincing proof of the difference
between the 1- and 2-indanyl derivatives, the 1-
indanyl sulfides were oxidized to the correspond-
ing sulfones. The latter were white crystalline com-
pounds melting at slightly lower temperatures
than their 2-indanyl isomers. Mixed melting-
point determinations of the isomers gave a definite
depression.

EXPERIMENTAL

Materials. The indene and mercaptans used in the experi-
ments were vacuum distilled under nitrogen before use.
The hydrogen peroxide was a Merck reagent (Superoxol)
in the form of a 30% aqueous solution. The solvents were
c.p. reagents.

Synthesis of 2-indanyl aryl sulfides. A 15-100% solution
of 0.1 mole of aromatic mercaptan in n-heptane was added
to 11.6 g. (0.1 mole) of freshly distilled indene. Although
the initial reaction was exothermic, it was necessary, after
a few nours, to heat the mixture on a water bath to complete
the addition. The products were recrystallized from n-
heptane or alcohol. The yields and some physical and
analytical data are listed in Table I.

The experimental procedure described above was repeated
with 4-chlorothiophenol and indene in the presence of 0.76
g. (0.05 mole) of cumene hydroperoxide (added to the indene
before the thiophene!). The same sulfide was obtained in a
yield similar to the experiment without the hydroperoxide.
This latter experiment supports a radical mechanism of the
mercaptan addition to indene.7

Synthesis of 2-indanyl aryl sulfoxides. The 2-indanyl aryl
sulfide (0.1 mole) was dissolved in a mixture of 40 ml. acetic
anhydride and 20 ml. acetic acid. To the solution, 0.1 mole

(6) 1-Chloroindane was synthesized according to Weiss-
gerber5 by the introduction of hydrogen chloride into cool
indene. It was observed that at the low temperature, 1 mole
of indene adsorbed about 2 moles of hydrogen chloride while
the mixture turned red. (Details in Experimental.)

(7) E. Muller, Methoden der organischen Chemie (Houben-
Weyl), G. Thieme Verlag, Stuttgart, W. Germany, 1955,
Vol. 9, p. 120.
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TABLE |
Indanyl Sulfides, Sulfoxides, and Sulfones
Tndanyl-SOx—R’
Yield® B.P." Calc.

No. -Indany!l X K Formula Yio) M.p." (2 mm.) C 1l S
I 2 0  Phenyl cHiws 86 46-47 135-137 79.65 6.20 14.1
IF i 0 Phenvl CiHnB 67 127-128 79.65 6.20 141
i 2 0 4-Tolyl CHI®B 90 86-86.5 140-142 80.00 6.67 13.3
v i 0 4-Tolvl CiH,&8 69 135-136 80.00 6.67 133
Ve 2 0 4-Chlorophenvl  CitH1C1S 89 90-91 69.08 5.02 123
VI 2 0 2-Naphthyl chB 91 99-100 8261 579 116
VIl 2 0 re-Butyl cih,& 93 118-119 75.67 8.79 155
Vili 2 1 4-Tolyl CuH.i0S 89 107-108 75.00 6.25 125
1X» 2 1 4-Chlorophcnyl  CisH1B0C1S 87 97-98 65.08 4.73 116
X 2 2 Phenyl CIH,<05 91 107-108 68.77 5.46 124
Xl 1 2 Phenvl C,HnXS 84 105-106 68.77 5.46 124
XI1 2 2 4-Tolyl clh il A 134.5-135.5 7059 5.88 11.8
X111 1 2 4-Tolvl clhx 98 132-133 7059 5.88 118
XIVv" 2 2 4-Chlorophenyl  c1h B Zis 95 137.5-138.5 6153 4.47 109
XV 2 2 2-Naphthyl CHDXS 97 140-141 7399 523 104
XVI 2 2 re-Butyl clhi®X 89 61-62 6551 7.61 134

° Without the use of any catalyst. * Uncorrected. cn\° 1.6306. d nZ 1.6193. e Calcd.

Cl, 136, Found: CI, 138. ' n®

1.5475. >Caled.: Cl, 12.8. Found: Cl. 12.7. " Caled.: Cl, 12.1. Found: Cl, 12.3.

of hydrogen peroxide was added in the form of an aqueous
30% solution. The reaction mixture was allowed to stand for
3 days at room temperature. After the oxidation was com-
plete, the solution was diluted with water which precipitated
the crude sulfoxide. The 2-indanyl sulfoxides obtained in
this manner were purified by recrystallization from alcohol.
The yields, physical and analytical properties of the com-
pounds so obtained, are shown in Table 1.

In another experiment, the addition of 2.1 g. (0.1 mole)
of 4-toluenethiol to 11.6 g. (0.1 mole) of indene was followed
by a mixture of /-butyl hydroperoxide (about 18 g., 0.2
mole) and di-Z-butylperoxide (about 6 g.) prepared according
to Milas and Surgenor.8 After the addition of the peroxide,
the reaction mixture was heated on a steam bath for 3 min.,
which caused gas evolution and color change. The heating
was, therefore, discontinued, and the mixture was cooled to
room temperature, where it was allowed to stand. After
3 days, the low boiling compounds (di-Z-butylperoxide, t-
Inityl alcohol) were removed by distillation on a steam bath
at 10 mm. Then the residue crystallized to a red mass, which
after repeated recrystallizations from benzene-n-heptane
and alcohol gave 12 g. (49.5%) colorless 2-indanyl-4-tolyl
sulfoxide (m.p. 106.5-107.5°).

Synthesis of 2-indanyl aryl sulfones. An acetic anhydride-
acetic acid solution of 0.1 mole of indanyl aryl sulfide and
0.2 mole of hydrogen peroxide, was heated on a water bath
for 15 min. The reaction mixture was then diluted with water
to precipitate the raw 2-indanyl aryl sulfone, which was
purified by recrystallization from alcohol. The vyields,
physical and analytical properties of the compounds are
tabulated.

The addition of n-hutanethiol to indene. (a) In the absence
of peroxide catalyst. A mixture of 11.6 g. (0.1 mole) of indene
and 9 g. (0.1 mole) of n-butanethiol in a round-bottom flask
was purged with nitrogen. Then the flask was closed, and
the reaction mixture allowed to stand for 10 days. A mer-
captan determination of the mixture, after 3 and 10 days,
showed 75.7 and 68.1% of the original mercaptan concen-
tration. After 10 days, the reaction mixture was fractionated
in canto. After the removal of the unchanged n-butanethiol
and indene, 6.1 g. (93% based on the amount of converted
butanethiol) of indanyl butyl sulfide, b.p. 218-219° (2
mm.), n2, 15475, was obtained. Some further analytical
data of the product are shown in Table 1.8

(8) N. A. Milas and D. M. Surgenor, J. Am. Chetn. Soc.,
68, 205(1946).

(b)  In the presence of peroxide catalyst. To the mixture of

indene and n-butanethiol described in (a), 0.7 g. (0.005
mole) of cumene hydroperoxide was added. The resulting
mixture became warm after 2 hr. standing. A mercaptan
determination of the reaction mixture after 3 days showed
26.7% of the original mercaptan still present. A subsequent
vacuum distillation yielded 135 g. (89% based on the
amount of converted butanethiol) of indanyl butyl sulfide,
b.p. 216-218° (1.9 mm.), re®? 1.5474. The infrared spectrum
of this product was identical with the product obtained
without any added peroxide catalyst under (a).

The peracetic acid oxidation of both sulfide products
resulted in 2-indanyl re-butyl sulfone, m.p. 61-62°, in 89
and 87% vyield, respectively. A mixed melting-point deter-
mination of the two products gave no depression. Their
infrared spectra were identical. Some of the analytical data
obtained are shown in Table I.

Synthesis of 1-chloroindane. Gaseous hydrogen chloride
was introduced into 58 g. (0.5 mole) of cool indene; a method
used by Weissgerber,6 except that a Dry Ice-acetone mix-
ture instead of salt-ice was used for cooling. The indene was
cooled as low as possible without freezing it. During the
introduction of the hydrogen chloride, the freezing point
of the mixture decreased and finally a viscous red liquid
resulted at —60° which had adsorbed about 36.5 g. (1 mole)
of hydrogen chloride. This liquid, on coming to room tem-
perature, released about 182 g. (0.5 mole) of hydrogen
chloride and became almost colorless. On vacuum dis-
tillation, it yielded 68.7 g. (90%) 1-chloroindane, b.p. 103°
(20 mm.). About 7.5 g. of viscous, orange liquid remained
as a distillation residue.

Anal. Calcd. for C<H,CL: Cl, 23.1. Found: CI, 22.8.

Synthesis of 1-indanyl aryl stdfides. An aromatic thiol
(0.1 mole), was dissolved in 1:1 benzene-isopropvl alcohol
and allowed to react with 2.3 g. (0.1 mole) of sodium. To
the resulting sodium thiophenolate was added 15.3 g. (0.1
mole) of 1-chloroindane in 50 ml. of benzene. The precipita-
tion of sodium chloride from the reaction mixture started at
room temperature. To complete the reaction, the mixture
was refluxed for 6 hr. Then it was washed with water, 5%,
aqueous sodium hydroxide and water, dried, and distilled
in vacuo. After the removal of benzene, the 1-indanyl arvl
sulfides were obtained as colorless liquids. Some of the
_[I)_mt/)sliczlil and analytical data of the products are shown in

able I.

Synthesis of 1-indanyl aryl sulfones. 1-Indanyl aryl sulfide
(0.05 mole) was dissolved in a mixture of 30 ml. of acetic
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TABLE | (Continued)
TnDANYL Sri.FIDES, SULFOXIDES, AND SULFONES
Tndanyl-SO,—R’
Found Infrared Absorption Peaks
No. c H S (Microns)
| 80.11 6.25 13.9 5.27 544 6.3 5.58 9.2 9.38 9.78
IP 79.18 6.24 14.0 5.22 5.33 6.3 5.53 9.2 9.38 9.78
1l 80.72 6.67 13.3 5.27 5.46 6.25 5.60 9.18 9.84
\A 79.56 702 13.4 5.25 555 6.25 9.1S 9.84
Xe 68.79 5.17 119 5.26 5.43 6.35 9.15 9.9
VI 83.23 5.89 11.2 524 543 6.15,6 3 5.57 9.15 9.8
VIE 75.47 8.97 154 5.24 5.42 6.21.6.27 5.57 9.13 9.76
VIl 74.59 6.34 12.8 6.25 7.68 7.87 9.25 9.75 9.9
IN" 64.64 4.83 114 6.3 7.6 7.85 9.2 9.7 9.9
X 69.01 5.83 11.8 6.3 7.65 7.8 8.75 9.23 9.8
Xl 68.94 5.53 12.9 6.21, 6.28 7.65 7.75 8.85 9.25 9.79 10.01
Xl 70.41 5.91 113 6.25 7.7 8.8 9.25 9.9
X1 70 01 5.95 n4
XIv' 6173 4,75 10.9 6.3 7.6 7.85 8.75 9.25 9.9
XV 74.08 5.51 9.7 6.15,0.3 7.65 7.8 8.75 9.35
XVI 65.73 7.69 12.8 6.21,6.3 7.60 7.78 8.85 8.95

anhydride and 10 ml. of acetic acid. Aqueous 30% hydrogen
peroxide (11.4 g., 0.01 mole) was added to the sulfide solu-
tion at 5°. Then the reaction mixture was kept at that tem-
perature for 24 hr., and at room temperature for an addi-
tional 48 hr. After the completion of the reaction, the
crystalline 1-indanvl aryl sulfone was precipitated by care-
ful addition of crushed ice. The crude crystalline product
was filtered and twice recrvstallized from 00% aqueous
ethanol. The yields obtained and some of the physical and
analytical data of the products obtained are shown in Table
|

When 1-indanyl aryl sulfides were oxidized with the same
reagents on a water bath, a smaller yield of the sulfones
was realized due to some decomposition.

Acknowledgments. The author wishes to thank
J. L. Tiedje and C. B. Rupar for many helpful
discussions, F. Noél for the technical assistance,
A. J. Stephenson for the infrared analyses, J.
Eagen and the late C. H. Stein for the elemental
analyses.
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Carcinogenic Amine Derivatives Containing
Nitrogen-1512

Muriel Daiilgard
Received October S3, 1959

Several carcinogens have been found to bind to
the protein of tissues in which they cause cancer.
Since some chemically related noncarcinogens have

(1) This investigation was supported by Research Grant
C-1066 from the National Cancer Institute, National
Institutes of Health, Public Health Service.

(2) Presented before the Meeting-in-Miniature, Florida
Section, American Chemical Society, St. Petersburg, Fla.,
May 8-9, 1959.

also been found to bind to protein, this interaction
may well be a necessary but not sufficient require-
ment for the production of tumors.3

In order to study this further, the synthesis of
three carcinogens labeled with nitrogen-15 was
undertaken. These were 4-acetylaminobiphenyl-
iV 4'-fluoro-4-acetylaminobiphenyl-A05 and N-
(7-hydroxy-2-fluorenyl)acetamide-Als a weakly
carcinogenic metabolite of the strong carcinogen,
.\V-2-fluorenylacetamide.

2-Nitrofluorene-ABhad been prepared previously
in this laboratory4 by nitrating fluorene with
aqueous nitric acid-.V5 using acetic anhydride to
remove the excess water. No reaction occurred
when this method was used with biphenyl. When
the reaction was carried out in sulfuric acid solvent
or when potassium nitrate-W6 and sulfuric acid
were used as the source of nitric acid, the material
either failed to react or was sulfonated. The only
effective nitrating agent proved to be 100% nitric
acid-.Vh The procedure used for nitrating the
biphenyl derivatives was based on the method
of Maki and Obayashi.6 The desired para isomers
were separated from the ortho isomers and un-
changed hydrocarbon by trituration with hexane,
in which the para isomers are not soluble. 2-Acet-
oxyfluorene was nitrated by a modification of the
procedure described by Bryant and Sawicki.6
The nitro compounds were reduced and acetylated
by the usual methods as described in the Ex-
perimental section.

(3) For detailed discussion see E. K. Weisburger and J. II.
Weishurger, Advances: in Cancer Research, Vol. 5 .1 P.
Greenstein and A Haddow, editors, Academic Press, Inc.,
New York, 1958, p. 3S2.

(4) M. F. Argus and F. E. Ray, Cancer Research, 11,423
(1951).

(5) T. Maki anl K. Obayashi, J. Chem. Soc. Japan. I ml.
Chem. Soc., 54, 375 (1951); Chem. Abstr., 48, 2011 (1954).

(6) H. Bryant and E. Sawicki, J. Org. Chem., 21, 1322
(1956).
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Biological testing of these compounds will be
carried out by Drs. H. P. Morris and Helen Dyer
at the National Cancer Institute. The results will
be published elsewhere.

EXPERIMENTAL

Preparation of 100% nitric acid, (a) Isotopic nitric acid,7
(6.79 g.; 0.108 mole as 52.72 g. of a 12.88% solution contain-
ing 62.8 atom % nitrogen-15) was carefully neutralized,
with cooling, by addition of 4.32 4. (0.103 mole) of sodium
hydroxide dissolved in the minimum amount of water. The
water was removed by distillation and the dry salt was
treated with concentrated sulfuric acid (18 ml., 0.32 mole).
Distillation at atmospheric pressure gave 5.6 g. (0.089
mole) of 100% nitric acid-VBb.p. 80-83° (82% recovery).

(b) Potassium nitrate (14.2 g.; 0.07 mole) containing 97.0
atom % nitrogen-157 and 31.1 ml. (0.56 mole) of concen-
trated sulfuric acid gave, upon distillation, 7.1 g. of 100%
nitric acid-JV-bh.p. 78-82° (81% recovery),

4'-Fluoro-/r nitrobiphenyl-Nu. A solution of 100% nitric
acid-V5(5.6 g.; 0.09 mole containing 62.8 atom % nitrogen-
15) in 5.6 g. of glacial acetic acid was added dropwise with
stirring to molten 4-fluorobiphenyl (18.4 g.; 0.107 mole, 20%
excess), keeping the temperature between 75-82°. Acetic
anhydride (12 ml., 0.13 mole) was then added slowly to
remove water of reaction. The mixture was kept at 80° for
4 hr., then poured into ice water. After standing overnight
the solid was removed by filtration, washed several times
with water and then three times with 100-ml. portions of
hexane. Crude vyield of t'-fluoro-t-nitrobiphenyl-V® was
9.8 ¢. (50% based on the nitric acid used). Recrystallization
from 175 ml. of ethanol gave 5.5 g. (28%) m.p. 125-126°
(lit.,8m.p. 123°).

4'-Fluoro-4-acetylaminobiphenyl-Nu. 4'-Fluoro-4-nitrobi-
phenyl-iV5 (5.5 g.; 0.025 mole) in 150 ml. of warm ethanol
was hydrogenated at low pressure using 0.05 g. Adams’
platinum oxide catalyst. The yellow solution was filtered
free of catalyst into 20 ml. of concentrated hydrochloric acid.
The ethanol was removed by distillation, the residue was
taken up in hot water containing a little hydrochloric acid,
and the solution filtered through a thin mat of charcoal.
Potassium acetate was added to the solution just to tur-
bidity, then acetic anhydride (25 ml.) was added, followed
by potassium acetate to pH 5-6. Stirring was continued for
2 hr. and after standing overnight the 4'-fluoro-4-acetyl-
aminobiphenyl-W» which had precipitated amounted to
2.65 g. (46.5%) m.p. 206° (lit.9 m.p. 205-206°).

4-Nitrobiphenyl-Nu. To molten biphenyl (15.9 g.; 0.103
mole) at 75° was added dropwise with stirring a solution of
5.4 g. (0.086 mole) of 100% nitric acid containing 97.0 atom
% nitrogen-15 in 5.4 g. of glacial acetic acid, keeping the
temperature below 80°. When the addition had been com-
pleted acetic anhydride (12 ml., 0.13 mole) was slowly added
to remove water of reaction, then the mixture was kept at
75-80° for 4 hr. After pouring into ice water and leaving over-
night, the water was decanted from the semisolid yellow
residue, the residue was triturated three times with 50-ml.
portions of hexane to remove unchanged biphenyl and 2-
nitrobiphenyl and recrystallized from ethanol, giving 6.0 g.
of 4-nitrobiphenyl-W3 (35.3% based on the nitric acid con-
sumed), m.p. 113-114° (lit., D m.p. 114°).

4-Aminobiphenyl-Nu. A mixture of 4-nitrobiphenyl-V5
(6.0 g., 0.03 mole), 175 ml. of ethanol, 2.1 g. of calcium

(7) Obtained from the Isomet Corp., Palisades Park,
N. J.

(8) T. Van Hove, Bull. soc. chim. Belg., 32, 52 (1923);
Chem. Abstr., 17, 3026 (1923).

(9) E. C. Miller, R. B. Sandin, J. A. Miller, and H. P.
Rusch, Cancer Research, 16, 525 (1956).

(10) F. Bell, J. Kenyon, and P. H. Robinson, J. Chem.
Soc., 1926, 1239.
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chloride dissolved in 41 ml. of water, 63.6 g. of zinc dust,
and 2.0 g. of Norit were refluxed for 3 hr., 1.0 ml. of 85%
hydrazine hydrate was added and the mixture filtered to
remove the zinc, the residue being washed twice with 25-ml.
portions of hot ethanol. The alcoholic filtrates were poured
into 2 1 of water and allowed to stand overnight. The white
precipitate of 4-aminobiphenyl-Ar5 was filtered off and
washed well with water, then air-dried. Yield was 4.6 g.
(90%) m.p. 53-54° (lit.,Lm.p. 50-52°).

4-Acetylaminobiphenyl-NB6 4-Aminobiphenyl-iV5 (4.6 g.;
0.027 mole) was dissolved with heating in 60 ml. of benzene,
decanted from a little insoluble material and treated with 5
ml. of acetic anhydride. A precipitate began to form im-
mediately. After refluxing for 15 min. the clear solution was
allowed to cool slowly to room temperature. The white
crystals which formed were filtered and washed several
times with water, giving 5.2 g. (91%) of 4-acetylamino-
biphenyl-WB m.p. 171° (lit.22 m.p. 171-172°) and contain-
ing 97.0 atom % nitrogen-15.

2-Nitro-7-acetoxyfluorene-NIL The literature procedure6
was modified as follows: A mixture of 5.6 g. (0.025 mole)
of 2-acetoxyfluorene and 22.5 g. (0.375 mole) of glacial
acetic acid was heated to 80° to effect solution, then allowed
to cool to 50°. A solution prepared by adding 1.6 g. (0.025
mole) of 100% nitric acid containing 97.0 atom % nitrogen-
15 to 12.8 g. (0.125 mole) acetic anhydride in an ice bath
(exothermic reaction) was then added to the 2-acetoxy-
fluorene solution and an exothermic reaction set in. When
the temperature reached 75° the mixture was cooled in an
ice bath. After the initial exothermic reaction had subsided
the mixture was kept at 70-75° for 5 min., then allowed to
stand overnight. The yellow solid was filtered, washed with
water until the filtrate was no longer acidic and dried, giving
54 ¢. (80.6%) of 2-nitro-7-acetoxjrfluorene-V5 m.p. 192-
193° (lit«, 191-192°).

N-(7-Hydroxy-2-fluorenyl)acetamide-N66 To a boiling
solution of 2-nitro-7-acetoxyfluorene-V5 (5.4 g.; 0.02 mole)
in 11 of ethanol was added slowly over a period of 1 hr. a
solution of 41.7 g. (0.22 mole) of stannous chloride dissolved
in 350 ml. of concentrated hydrochloric acid. The solution
was concentrated to one-third its volume, then brought up to
one-half its original volume with concentrated hydro-
chloric acid and allowed to stand overnight. The precipitate
was filtered and dissolved in 200 ml. of hot water containing
a few drops of stannous chloride-hydrochloric acid solution.
The solution was filtered through a mat of charcoal and then
brought to pH 5-6 with potassium acetate. After addition
of 40 ml. of acetic anhydride the mixture was allowed to
stand overnight. The precipitate of Ar(7-hydroxy-2-
fluorenyl)acetamide-VBcontaining 97.0 atom % nitrogen-15
amOl)Jnted to 2.8 g. (48%) m.p. 229-231° (lit.,3m.p. 230-
232°).

Cancer Research Laboratory
University of Florida
Gainesville, Fla.

(11) G. T. Morgan and L. P. Walls, J. Soc. Chem. Ind.,
49, 15T (1930).

(12) J. A. Miller, R. B. Sandin, E. C. Miller, and H. P.
Rusch, Cancer Research, 15, 188 (1955).

(13) J. H. Weisburger and E. K. Weisburger, J. Chem.
Soc., 1954, 758.

A Preparation of 10-Hydroxydecanoic Acid
F. L. Bentonland A. A. laiess

Received August 21, 1959

The synthesis of 10-hydroxydecanoic acid has
been accomplished by three methods.2-4 The one
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reported by Lycan and Adams is the most direct
but requires four steps:

CH2CH-(CH28COOCH3
ch2o  +(CH28COOCHS3

watgr\
(a?:gtic .1]
acid /
Hs + Pt
OHC-(CH28COOCH3-----—-- >
it) NaOH

The method reported herein eliminates two of
these steps, conversion of methyl undecenoate
ozonide to the aldehydo ester, and catalytic hydro-
genation of the hydroxy ester. Instead, the ozonide
is reduced directly to methyl 10-hydroxydecanoate
with sodium borohydride. 10-Hydroxydeeanoic
acid is then obtained in an overall yield of nearly
sixty per cent by saponification of the ester.
Although reduction of ozonides has been ac-
complished with lithium aluminum hydride,5
sodium borohydride was employed to avoid con-
comitant reduction of the ester moiety.6

EXPERIMENTAL

10-Hydroxydecanoic acid. A solution of 20.0 g. of methyl
10-undecenoate in 60 ml. of ethyl acetate, maintained at a
temperature of —50 to —60°, was treated approximately
for I'A hr. with a slow stream of ozone in oxygen until ozone
was detected in the exit gases. The solution of ozonide7was
then added rapidly (within 2 min.) to a vigorously stirred
ice cold mixture of 6.0 g. of sodium borohydride and 120 g.
of tetraethylene glycol dimethyl ether. The mixture was
stirred for 2 hr. at ice-bath temperature and an additional
hour at room temperature after which it was poured into
11 of water containing 30 ml. of concentrated hydrochloric
acid. The hydrolysis mixture was saturated with salt; the
oil which formed was separated and the aqueous fraction
extracted with three 100-ml. portions of diethyl ether. The
combined oil and ether extracts was washed successively
with water, aqueous sodium carbonate, and water and dried
over anhydrous magnesium sulfate. After removal of ether
by evaporation under reduced pressure, the residual oil
was heated at reflux temperature for 30 min. with 50 ml.
of 20% aqueous sodium hydroxide. The saponification mix-
ture was then steam distilled until turbidity and odor were
no longer detected in the distillate, after which it was cooled
in an ice bath and acidified with 1:1 aqueous hydrochloric
acid. The resulting precipitate was filtered, washed with
water until free from mineral acid, and dried. It was dis-

(1) Present address: Department of Chemistry, St
Mary’s College, Notre Dame, Indiana.

(2) A Grim and T. Wirth, Her., 55, 2206 (1922).

(3) P. Chuit, F. Boelsing, J. Hausser, G. Malct, Helv.
Chim. Acta, 9, 1074 (1926).

(4) W. H. Lycan and R. Adams, J. Am. Chem. Soc., 51,
625 (1929).

(5) F. L. Greenwood, J. Org. Chem., 20, 803 (1955).

(6) N. G. Gaylord, Reduction with Complex Metal Hy-
drides, Interscience Publishers, Inc., New York, 1956, page
500.

(7) The ozonide solutions were kept cold at all times and
no difficulty was experienced in handling them under these
conditions. As an added safety precaution, however, opera-
tions may be carried out behind an explosion-proof shield.
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solved in hot ethylene dichloride, filtered to remove a small
amount of insoluble material, and allowed to recrystallize.
In this manner, 12.0 g. (59%) of a colorless crystalline
product, m.p. 75-76°, was obtained.

Avoid Neut. equiv. Calcd.: 188.2. Found: 189.2. Hydroxyl
value. Calcd.: 9.02. Found: 9.15.

Central Research Laboratories
Armour and Co.
Chicago 9, I11.

(8)  The authors are indebted to Mr. L. D. Metcalfe for
these analyses.

Conformational Analysis of
the Prins Reaction

E dward E. Smissman and Donald T. Witiakl
Received September 8, 1959

It has been shown that the Prins reaction gives
stereospecifically (rans-2-hydroxymethylcyclohex-
anol when cyclchexene is employed as the olefin.Z3
In an effort to elucidate the initial conformation
of the products of this reaction we have employed
the rigid (rans-A2octalin4system ().

It is generally agreed356that the first step in a
Prins reaction involves the addition of a proton to
a neutral formaldehyde molecule. The stereospecific
trans addition of the hydroxy and the hydroxy-
methylene groups to the double bond of a cyclic
olefin argues against a free carbonium ion but
can be rationalized on the basis of a solvated cyclic
intermediate. By comparison with other addition
reactions involving cyclic intermediates, i.e. bromi-
nation, the product would be predicted to exhibit a
diaxial conformation7of the hydroxy and hydroxy-
methylene groups. Our results confirm the above
postulation.

Under the conditions of the Prins reaction, trans-

A2octalin, 1, gave irans-2-hydroxymethyl-3-hy-
droxy-irans-decalin, 1l. The conformation of this
compound was proved in the following manner:
The mono-tosylate, 111, was prepared and subse-

quently displaced by cyanide ion. The latter re-8

(1) Wisconsin Alumni Research Foundation Fellow 1957-
1959.

(2) E. E. Smissman and R. A. Mode, J. Am. Chem. Soc.,
79, 3447 (1957).

(3) A T. Bloinquist and J. Wolinsky, ./. Am. Chem. Soc.,
79, 6025 (1957).

(4) (& W. S. Johnson and V. Bauer, in press, (b) H. B.
Henbest, M. Smith, and A. Thomas, J. Chem. Soc., 3293
(1958).

(5) C. Price, Reactions at Carbon-Carbon Double Bond,
Interscience Publishers, New York, 1946.

(6) V. Franzen and H. Krauch, Chem. Ztg., 79,
(1955).

(7) D. H. R. Barton and R. C. Cookson, Quart. Rev., 10,
44 (1956).
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action was performed in dimethyl sulfoxide solu-
tion8and gave an uncrystallizable nitrile (4.43 ju).
The nitrile was subjected to alkaline hydrolysis
and yielded a hydroxy acid, 1V.

The acid, 1V, was identical in all properties with
one prepared by Johnson and Bauer®through the
opening of 2,3-epoxy-irans-decalin, V, with the
anion of malonic ester, followed by hydrolysis
and monodecarboxylation. This method could
only give rise to a diaxial product, 1V, hence the
Prins product, 11, must have the diaxial conforma-
tion.

ch2h
% Toluene-
HCH sulfonyl
H+ chloride
.. OH
1
1 e :CH(COOE)j
.0 29:CH

3. H+A

EXPERIMENTAL

irans-2(a)-Hydroxymethyl-3(a)-hydroxy-irans-decalin, 1. A
mixture of 12 g. (0.4 mole) paraformaldehyde, 90 ml. glacial
acetic acid, and 2 ml. sulfuric acid was heated to 85° while
stirring. After solution was effected the temperature was
lowered to 65° and 19 g. (0.14 mole) trans-A2octalin was
allowed to drop into the stirred reaction mixture over a
period of 0.5 hr. The mixture was then stirred at room tem-
perature for 10 hr. and subsequently diluted with 150 ml. of
water anil extracted with three 150-ml. portions of ether.
The combined ether extracts were then washed with 200 ml.
water and with saturated sodium carbonate solution until
the ethereal solution was neutral. The ethereal solution was
then washed with 200 ml. of water and dried over anhydrous
magnesium sulfate. The ether was removed and the residual
oil was dissolved in a solution of 12 g. sodium hydroxide in
150 ml. ethanol and refluxed for 2 hr. The reaction mixture
was diluted with 300 ml. water and extracted with three 200-
ml. portions of ether. The solution was dried, the ether
removed, and the residual oil crystallized on standing.
ItecrystuUization from benzene yielded S g. (25%) of the
product, m.p. 159-160°.

Anal. Calcd. for CuH202: C, 71.69; H, 10.94. Found:
C, 71.93; 11, 10.35.

trans-2(a)-Tosyloxymelhyl-3(a)-hydroxy-trans-decalin, [11.
A solution of 20 ml. pyridine, 1 g. (0.006 mole) p-toluene
sulfonyl chloride, and 1 g. (0.005 mole) ira«.s-2(ct)-hydroxy-
methyl-3(a)-liydroxy-irans-decalin was allowed to react at
room temperature for 1hr. The solution was then poured into
an ice slurry of dilute hydrochloric acid. The resulting pre-
cipitate was filtered and recrystallized from Skellysolve B.
White needles, m.p. 103.5-104° were obtained in a yield of
110 g. (55%).

Anal. Calcd. for CigH®04S: C, 62.93; H, 7.46; S, 9.88.
Found: C, 63.40; H, 7.43; S, 9.47.

trans-2(a)-Cyanomethyl-3(a)-hydroxy-trans-decaln. Astirred
mixture of 1.0 g. (0.003 mole) of the monotosylate, I11, 1.2
g. (0.18 mole) potassium cyanide, and 20 ml. dimethyl-

(8) S. Winstein and S. G. Smith, Tetrahedron, 3, 317
(1958).
(9) W. S. Johnson and V. Bauer, in press.
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sulfoxide was heated at 210° for 5.5 hr. The reaction mixture
was diluted with 150 ml. of water and extracted with three
100-ml. portions of ether. The ethereal extracts were then
washed with two 75-ml. portions of water and dried over
anhydrous magnesium sulfate. The ether was removed and
the residual oil would not crystallize. Attempts to purify
the oil by distillation failed. The infrared spectrum was in
good agreement with the expected product and a sharp
nitrile band at 4.43 y was observed.

trans-2(a)-Carboxymethyl-3(a)-hydroxy-trans-decalin, V.
The crude nitrile was dissolved in 20 ml. of a solution of 10%
sodium hydroxide in diethylene glycol and heated at 170°
for 3 hr. The reaction mixture was diluted with 100 ml.
water and extracted with two 150-ml. portions of ether.
The aqueous layer was made acidic with 5N HC1 and
extracted with three 100-ml. portions of ether. The ether
solution was then washed with water and dried. The ether
was removed and the residual oil was chromatographed on
a silicic acid-chloroform column using chloroform as the
eluant. The acid was removed from the column as a distinct
yellow band with 50% ethanol in chloroform. The solvent
was removed and the residue crystallized on standing.
Recrystallization from ethyl acetate gave 0.3 g. (50% based
on the tosyl compound) of white crystalline material, m.p.
115-116°. There was no depression of melting point on ad-
mixture of this acid with that prepared by Johnson and
Bauer. The infrared spectra were superimposable.

Anal. Calcd. for CiHZ03: C, 67.89; H, 9.50. Found:
C, 68.26; H, 9.40.

Acknowledgment. We are grateful to Dr. W. S.
Johnson and Dr. V. Bauer for a sample of trcms-2-
(a)-carboxymethyl-3(a)-hydroxy-frans-decalin.
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Madison, V is.

Some Reactions of
1,1,1-Trichloro-2-propanoll

O. Il. Pierce, E E F risch, and D D Smith2

Received September 1d, 1351)

The dehydration of Il lI-triehloro-2-propanol
has been studied by various researchers who have
assigned to the product either the structure 3,3,3-
trichloro-I-propenes~s or 1,1,2-trichloro-I-propene.6
In this laboratory it was found that dehydration of
the alcohol with phosphorus pentoxide did produce
I, 1,2-trichloro-lI-propene in confirmation of the
work of Kirrmann.s Reaction of I,1,l-trichloro-2-
propanol with alumina at elevated temperatures
or with zinc chloride in hydrochloric acid solution

(1) Presented before the Organic Division, 132nd Meet-
ing of the American Chemical Society, New York, Septem-
ber, 1957.

(|2f) Present address: Aerojet-General Corporation, Azusa,
Calif.

(3) E. Vitoria, Bull. Akad. roy. Belg., 11, 1087 (1904).

(4) M. S. Ivharasch, E. H. Rossin, and E. K. Fields,
J. Am. Chem. Soc., 63, 2558 (1941).

(5) A. L. Henne and A. M. Whaley, J. Am. Chem. Soc.,
64, 1157 (1942).

(6) A Kirrmann and J. Oestermann, Bull. roc. chim.
France, 15 (5), 168 (1948).



MARCH 1960

gave 1,1-dichloroacetone in low yield resulting
from dehydrochlorination rather than dehydration.

EXPERIMENTAL

Preparation of 1,1I-trichloro-2-propanol. Methylmag-
nesium bromide (24/ solution in ether) was added to a cold
ethereal solution of chloral. The hydrolyzed mixture was
dried and distilled, b.p. 69-71°/25 mm., m.p. (from ligroin)
46-48°. The average yield of several preparations was 75%.
The structure of this material was confirmed by nuclear
magnetic resonance spectroscopy.

A Reaction with alumina. The alcohol was heated and
swept by means of a stream of nitrogen into a one-inch
diameter glass tube packed with 8 mesh alumina. The tube
was heated over the length of its packing by a tube furnace,
one foot in length. The temperature of the reacting surfaces
was maintained between 200-250°. The exit end of the tube
was connected to a Dry Ice-cooled trap. At the conclusion
of the reaction, the product in the trap was washed with
water, dried, and distilled. The product thus obtained had
the properties: b.p. 115°, ?r3 1.4440. It was shown by
infrared analysis to contain a carbonyl group, and a qualita-
tive test for chloride ion following sodium fusion was
positive.

Anal. Calcd. for ChHsCLO: Cl, 55.8; C, 28.3. Found:
Cl, 55.8; C, 28.8.

The 2,4-dinitrophemdhydrazone was prepared: m.p.
(from ethanol) 110-112°.

Anal. Calcd. for CsHsCbN'iCh: X, 182. Found: X,
17.0.

The semicarbazone was prepared, and found to behave
as follows on heating: sintering at 163°, melting with decom-
position between 173-175°.

Anal. Calcd. for CJLCbXXO: Cl, 36.5. Found: CI, 35.8.

The vyield of 1,1-dichloroacetone was poor, only 18 g.
(0.14 mole, 28%) being obtained from 79 g. of the alcohol.

B. Reaction with zinc chloride-hydrochloric acid. A solu-
tion of zinc chloride (136 g., 1 mole) in concentrated hydro-
chloric acid (100 ml.) was prepared and a few grams of the
alcohol was added. The mixture was heated to reflux and
the remainder of the alcohol (82 g., 0.5 mole) was added
slowly. After 5 hr. the mixture was distilled with steam. The
organic layer was separated, dried, and distilled to yield
135 ¢. (21% yield) of 1,1-dichloroacetone, b.p. 115°, n#b
1.4440. The infrared spectrum of this material was super-
imposable on that obtained from the material from A above;
a mixture of semicarbazone derivative with that from A
melted without depression.

C. Reaction with phosphorus pentoxidc. An intimate mix-
ture of the alcohol (92 g., 0.56 mole) with excess phosphorus
pentoxide was heated until no more distillation occurred.
The resulting distillate was redistilled from phosphorus
pentoxide then fractionally distilled. Three fractions were
obtained: Fraction A (17 g.), b.p. 105-112°; Fraction B
(13 g.). b.p. 112-115°; and Fraction C (34 g.), b.p. 115-
116°, €25 1.4790.

Fraction C was identified as 1,1,2-triehloro-I-propone by
its physical properties and by comparison of its infrared
spectrum with that from an authentic sample of 1,1,2-
trichloro-1-propene.6

Fractions A and B were shown to contain, respectively,
69% and 80% 1,1,2-trichloro-l-propene by infrared anal-
ysis. The remainder of the material appeared to be a mix-
ture of an acid chloride and anhydride.

The yield of 1,1,2-trichloro-1-propene was 69% based on
the pure material in all fractions and 41% based on Fraction
C alone.

Dow Cornino Corporation
Fluorine Research Laboratory
Midland, Mich.

NOTES 473

Cyclic Analogs of DDT-like Compounds
A Kaluszyner
Received July 16, 1959

In view of the current theories on the correlation
between geometrical structure and biological activ-
ity of the insecticides of the DDT group,lit seemed
of interest to compare the insecticidal properties of
lI-diaryl-2,2,2-trichloroethanes (I) and of the
corresponding fluorenes (I1). Unlike I, compounds
of type Il have a completely rigid molecular struc-
ture.

Attempts to prepare 9-trichloromethylfluorene
(11, It = H) by chlorination of 9-methylfluorene,
by addition of hydrogen chloride to 9-dichloro-
methylenefluorene or by reaction between 9-
fluorenyl sodium and carbon tetrachloride, failed.2
Another route we explored and which is analogous
to the well known conversion of benzilic acid into
9-fluorene-carboxylic acid under the influence of
aluminum chloride, is the reaction of the recently3
described diphenyltrichloromethylcarbinol (I, R
= H; It" = OH) with aluminum chloride. While
in benzene mainly tarry material was formed,
the reaction in carbon disulfide as solvent gave,
in addition to much polymeric material, a com-
pound of m.p. 164-166°, which was identified as
a,a,a",a'-tetrachlorobibenzyl. Analogous rearrange-
ments are known.%

Eventually, 3 - chloro - 6 - methoxy - 9 - tri-
fluoromethylfluorene (I111) and I-(p-chlorophenyl)-
I-(p-methoxyphenyl)-2,2,2-trifluoroethane (IV, X
= H) were used for the comparative experiments.
The choice of (111) and (IV, R = H) seemed reason-
able since replacement of the para-chlorine atoms in
DDT by methoxyl groups does not destroy the
insecticidal activity.5

(1) R. Riemschneider in Advances in Pest Control Re-
search (Interscience Publishers Inc., New York 1958), Vol.
2, p. 307.

(2) E. J. Greenhow, A. S. Harris, and E. X. White, J.
Chem. Soc., 3116 (1954).

(3) E. D. Bergmann and A. Kaluszyner, J. Org. Chem,,
23,1306(1958).

(4) W. L. Walton, J. Am. Chem. Soc., 69, 1544 (1947).

(5) E. A Prill, A Hartzell, and J. M. Arthur, Science,
101,464(1945).
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Compound (I11) has been prepared before;68
compound 1V, R = Il was obtained by the re-
duction of I-(p-chlorophenyl)-I-(p-methoxyphenyl)
2,2,2-trifluoroethanol (IV, R = OH), which in
turn was synthesized by the reaction between p-
chloro-co,a),Gj-trifluoroacetophenone and p-methoxy-
phenylmagnesium bromide.

Attempts to prepare (IV. R=H) by the reaction
between 1- (p - methoxyphenyl) - 2,2,2 - trifluoro-
ethanol and chlorobenzene or between I-(p-
chlorophenyl)-2,2,2-trifluoroethanol and anisole in
the presence of concentrated sulphuric acid, failed.

The biological tests carried out by Dr. A S
Tahori (Israel Institute of Biological Research)
showed that for a housefly strain of moderate re-
sistance to DDT, compound IV was six to seven
times more active (LD® = 10-12y per fly) than
compound 111 (LD® = 7oy per fly). Cyclization
and the ensuing greater rigidity o: the molecule
thus reduce the insecticidal activity.

EXPERIMENTAL

Reaction of diphenyltrichloromethylcarbinol and aluminum
chloride. To diphenyltrichloromethjdcarbinol3(7.6 g.; 0.025
mol.) in carbon disulphide (90 ml.), anhydrous aluminum
chloride (10 g.; 0.075 mol.) was added with stirring. The
mixture was refluxed for 3 hr., cooled, and decomposed
with ice, followed by cold water (100 ml.) and concentrated
hydrochloric acid (50 ml.). The organic solution yielded
on evaporation a brown solid (1.2 g.), which was treated
with ethyl acetate, leaving 0.25 g. undissolved. The insol-
uble material did not melt at 300° and was not further in-
vestigated. The ethyl acetate solution was concentrated
and the residue purified by sublimation. Colorless crystals
melting at 164-166° were obtained; the compound was
identified as a,a,a',a'-tetrachlorobibenzyl6by mixed melt-
ing point.

p-Chloro-ai,u,ai-trifluoroacetophencme. To the Grignard
reagent prepared from p-bromochlorobenzene (144 g.; 0.75
mol.) and magnesium turnings (18.2 g.; 0.75 mol.) in ether
(300 ml.), trifluoroacetic acid (28.5 g.; 0.25 mol.) in ether
(70 ml.) was added at 5-10°. After decomposition with 5%
hydrochloric acid, separation of the organic layer and dis-
tillation in a Todd column, the desired ketone (30.5 g.; 58%)
was obtained, b.p. 182-184° (lit.9: b.p. 180-183°).

1-(p-Chlorophenyl)-1-(p-rmthoxyphenyl)-2,2,2-trifl uoro-
ethanol (IV, R = OH). To a solution of p-methoxyphenyl-
magnesium bromide, prepared from p-bromoanisole (28 g.;
0.15 mol.) in ether (70 ml.), toluene (35 ml.) was added,
the ether removed and a solution of p-chloro-w,a>,«-trifluoro-
acetophenone (15.6 g.; 0.075 mol.) in toluene (35 ml.) added
slowly. After the usual treatment, the carbinol (IV. R = OH)
(15.6 g.; 66%) boiled at 170-173° (4 mm). The product
was purified by chromatography on alumina (solvent:
petroleum ether; eluent: ether-petroleum ether) and dis-
tilled again.

Anal. Calcd. for CEHICIF302: C, 57.0; 11, 3.8. Found:
C, 56.9;H, 4.0.

I-(p-Chlorophcnyl)-I-(p-methoxyphenyl)-2,2,2-trifluoro-
ethane (IV, R = H). (a) A mixture of the foregoing com-

(6) S. Cohen, J. Am. Chem. Soc., 79, 1499 (1957).

(7) S. Cohen and A. Kaluszyner, Experientia, 13, 236
(1957).

(8) L. V.Johnson, F. Smith, M. Stacey, and J. C. Tatlow,
J. Chem. Soc., 4710(1952).

(9) A Kaluszyner, S. Reuter, and E. D. Bergmann, J.
Am. Chem. Soc., 77,4164 (1955).
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pound, (IV, R = OH) (9.5 g.), glacial acetic acid (20 ml.),
water (0.3 ml.), red phosphorus (3.0) and iodine (1.3 g.)
was refluxed for 250 hr. The mixture was cooled, filtered,
poured into water, neutralized with sodium bicarbonate
solution, extracted with ether, and distilled. A slightly
yellowish viscous oil (6.9 g.; 77%), b.p. 150-155° (2 mm.),
was obtained. re?5 1.5440, dll 1.324; MR, calcd. 71.87; MR,
found, 71.64. The compound slowly crystallized from pe-
troleum ether and melted at 50-51°.

Anal. Calcd. for CIH,Z1FD: C, 60.0; H, 4.0. Found:
C, 59.6; H, 3.9.

(b) p-Methoxy-w.o;,w-trifluoroacetophenone was prepared
in 70% vyield by the same procedure as the p-chloro com-
pound; b.p. 115-120° (25 mm.) (lit.1): 70-70.5° (2 mm.)).
Reduction of this compound with lithium aluminum hy-
dride in ether gave a 79% yield of I-(p-methoxyphenyl)-2,2,-
2-trifluoroethanol, b.p. 102-103° (3 mm.); ra® 1.4740;
(1it.10 b.p. 87-88° (1 mm.); «® 1.4743). From the reaction
of this product (5.2 g.) with concentrated sulfuric acid
(50 ml.) and chlorobenzene (8 ml.), no defined products
could be isolated.

(c) In the analogous condensation of I-(p-chlorophenyl)-
2,2,2-trifluoroethanol9 with anisole (with or without acetic
acid as diluent), only the starting materials were recovered.

Scientific Department
Ministry of Defence
Tel-Aviv, Israel

(10) R. Fuchs and G. J. Park, J. Org. Chem. 22, 993
(1957).

Dehalogenation in the Elbs Reaction
Ernst D. Bergmann and Jochanan B lum
Received August IS, 1959

In the course of a study of fluoro-derivatives of
carcinogenic polycyclic hydrocarbonsl attempts
were made to prepare 6-fluoro-20-methylchol-
anthrene (1) and 3-fluoro-1,2,5,6-dibenzanthracene
(1) by pyrolysis (Elbs reaction) from 4-methyl-7-
(4-fluoro-I-naphthoyl)hydrindene  (I11) and 4-
fluoro - 2 - methyl - 1 - (2 - naphthoyl) naphtha-
lene (1V), respectively. The only defined products
which could be isolated (in 5 and 10%, respectively)
were 20 - methylcholanthrene and 1,2,5,6-dibenz-
anthracene, the fluorine-free parent compounds
of the desired substances. It appears difficult to
rationalize the hvdrogenolysis of the C—F bonds
in these reactions. It is significant, however, that
in both 111 and 1V the fluorine atom is in the para-
position to the carbonyl group. If one assumes in
the Elbs reaction an intermediate as follows:

1 oil

H H

in accordance with Cook2and Fieser and Dietz,3the
intermediate could tautomerize

(1) E.D. Bergmann, J. Blum, S. Butanaro, and A. Heller,
Tetrahedron Letters, No. 1, 15 (1959).
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creating a nonaromatic fluorine atom and thus
facilitating its elimination. Similar schemes have
been suggested in other abnormal reactions.5

It is recalled that the synthesis of the chloro-
and methoxy-analogs of | also resulted at least
very largely in the elimination of the substituents,6
while 2- and 3-methoxy-6-8 and 3-chloro-20-
methyl-cholanthrene8 could be obtained without
difficulties.

EXPERIMENTAL

4-Methyl-7-(4-fluoro-1-naphthoyl)hydrindene  (111).  Fol-
lowing Fieser and Seligmann’s work9 for the synthesis of
methylcholanthrene, 50 ml. of dry benzene and 17 g. of
4-methyl-7-cyanohydrindene9d in 80 ml. of benzene were
added to a Grignard solution prepared from 4 g. of mag-
nesium and 27 g. of 4-fluoro-I-bromonaphthalene in 100
ml. of ether. The reaction mixture was refluxed and stirred
for 12 hr. and decomposed with cold 18% hydrochloric
acid. The organic solvents were then removed by steam
distillation and the remaining imine hydrochloride of 111
was filtered and hydrolyzed by refluxing it for 3 hr. with a
mixture of 100 ml. of hydrochloric acid, 200 ml. of water,
100 ml. of glacial acetic acid, and 120 ml. of toluene. The
aqueous layer was extracted with toluene and the combined
toluene solutions were treated with steam in the presence
of 10% sodium hydroxide solution. A dark oil was obtained
which was dissolved in benzene, dried, and distilled. The
fraction boiling at 205° (0.5 mm.) was a viscous oil which
crystallized quickly upon trituration with ether. From

(2) J. W. Cook, J. Chem. Soc., 487 (1931).

(3) L F. Fieser and E. M. Dietz, Ber. deut. chem. Ges.,
62, 1827 (1929). Cf. C. D. Hurd and J. L. Azorlosa, J. Am.
Chem. Soc., 73, 37 (1951).

(4) For a review of the Elbs reaction, see L. F. Fieser,
orq. Reactions, 111, 129 (1942).

(5) E.g., for the transformation of 9,10-dichloro-9,10-di-
pheny1-9,10-dihydroanthracene into 2-chloro-9,10-diphenyl-
anthracene. E. D. Bergmann and O. Blum-Bergmann,
J. Am. Chem. Soc., 59, 1439 (1937). C. Dufraisse, A. Etienne
and J. Salmon, Bull. soc. chim. Beiges, 62, 21 (1953).

(© L. F. Fieser and V. Desreux, J. Am. Chem. Soc., 60,

2255(1938).

(7) J. W. Cook and C. G. M. de Worms, J. Chem. Soc.,
1825(1937).

(8) L. F. Fieser and B. Riegel, J. Am. Chem. Soc., 59,
2501 (1937).

(9) L. F. Fieser and A. M. Seligmann, J. Am. Chem. Soc.,
58,2482(1936).
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methanol, beautiful crystals of m.p. 123° were obtained.
Yield, 22 g. (95%).

Anal. Calcd. for CojHnFO: C, 82.9; H, 5.6; F, 6.2. Found:
C, 82.8; H,5.7; F 60.

Pyrolysis. The foregoing ketone (18 g.) was pyrolyzed for
40 min. at 410°. The product was dissolved in benzene and
flash-distilled under 2 mm. pressure after drying. Thus,
13 g. of a product was obtained which upon addition of
ether to its benzene solution deposited yellow crystals
(0.85 g.) of m.p. 180-181° (lit.9 m.p. 179.5-180°). The an-
alysis and properties showed that 20-methylcholanthrene had
been isolated; yield, 5%.

Anal. Calcd. for CZHi6: C, 94.0; H, 6.0. Found: C, 93.6;
H, 6.0.

Bv working at somewhat lower temperatures (365°) one
can raise the yield to about 15%, but even under these condi-
tions no fluorine-containing substance could be isolated.

I-Fluoro-3-met‘aylnaphthalene. The diazotization of 9 g. of
1- amino-3-methylnaphthalene hydrochloride, prepared by
the reduction of the nitro-eompound,1* was carried out
with 15 ml. of concentrated hydrochloric acid, 20 ml. of
water, and 3.5 g. of sodium nitrite at 0°. To the clear solu-
tion, 10 ml. of 56% fluoboric acid was added and the pre-
cipitate filtered after 30 min. Thermal decomposition of the
salt gave a dark oil which was dissolved in benzene, washed
with alkali, dried, and distilled. B.p. 123° (20 mm.); yield,
5¢ (62%).

Anal. Calcd. for CuHsF: C, 82.5; H, 5.6; F, 11.8. Found:
C,82.3:H,5.7; F, 11.7.

4-Fluoro-2-methyl-I1-{2-naphlhf>yl)-naphthalene (I1V). To a
mixture of 4.5 g. of I-fluoro-3-methylnaphthalene, 4.5 g. of
2- naphthoyl chloride, and 50 ml. of carbon disulfide, 4.5 g.
of aluminum chloride was added. The mixture was stirred
at 0° for 5 hr. and decomposed by addition of 20 ml. of
cold 18% hydrochloric acid. Upon distillation with steam,
a brown oil remained which crystallized after trituration
with petroleum ether. The solid was treated with hot 10%
sodium carbonate solution, dried, and recrystallized suc-
cessively from glacial acetic acid and ethanol. Thus 7.2
g. (91%) of almost colorless crystals of m.p. 136° was
obtained.

Anal. Calcd. for C2Hi50O: C, 84.1; H, 4.8; F, 6.0. Found:
C, 83.8; H, 5.0; F, 6.5.

Pyrolysis. The pyrolysis of 4 g. of the foregoing ketone
was carried out at 420° for 1 hr. and the product flash-
distilled at 2 mm. pressure. The distillate whs dissolved in
hot benzene and separated upon cooling as glistening,
yellowish platelets of m.p. 260-262°. They were identified
bv analysis as 1,2,5,6-dibenzanthracene (lit.7, m.p. 266°).
Yield, 0.35 g. (10%).

Anal. Calcd. for CZH14 C, 95.0; H, 5.0. Found: C, 94.7;
H, 5.4.

Department of Organic Chemistry
The Hebrew University
Jerusalem, Israel

(10) V. Vesely and J. Kapp, Rec. Irav. chim., 44, 360
(1925).

Preparation of L-Xylose

E. Dimant and M. Banayl

Received May 28, 1959

L-Xylose has been prepared from D-glucose by
Reichstein ct al} The preparation involved oxi-

(1) Fart of a thesis to be submitted to the Senate of the
Hebrew University in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy.
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dation of n-glucose to D-glucosaccharic acid, with
subsequent reduction of D-glucosaccharic acid y-
lactone to L-gulonic acid - -lactone, a id degradation
of the calcium salt of the latter acid with hydrogen
peroxide to L-xylose.

Vargha3very markedly simplified the preparation
of L-xylose by oxidizing 2,4-benzalo-sorbitol with
lead tetraacetate to 2,4-benzal L-xylose which was
extracted from the oxidizing mixture with ethyl
acetate and crystallized. Subsequent hydrolysis of
the benzal moiety with 15% acetic r.cid resulted in
the formation of the free sugar.

L-Xylose is a starting material in a chemical
synthesis of L-ascorbic acid.2 New interest in this
sugar arose when it was found that the L-aldo-
pentose sugar is an intermediate in the normal meta-
bolic breakdown of L-ascorbic acid in the guinea
Pig-6

9I'his note describes a simplified preparation of
L-xylose from 2,4-benzal-D-sorbitol.

EXPERIMENTALG

Benzal sorbitol. Benzal sorbitol was prepared according to
the directions of Vargha.30ne rccrystallizarion from ethanol
gave needles of m.p. 172-17.3°, yield 50-60°! of theory.

L-Xylose. A 135-g. sample of 2,4-benzal-D-sorhitol
(0.05.1/) was suspended in 50 ml. hot dioxane. Water, 50
ml., was added to the hot suspension with stirring, and warm-
ing was continued until all the solid had dissolved. After
cooling to 35-45°, 100 ml. of 0.51/ periodic acid solution
was added, mixed well, and the solution kept in the re-
frigerator for 30 min. The excess periodate and iodate formed
were reduced to iodide by bubbling a slow stream of hydro-
gen sulfide through the solution for approximately 45 min.
The solution turned brown (iodine) and then colorless again
with the appearance of a cake of sulfur and sometimes
a drop or emulsion of benzaldehyde. The solution was
decanted from the sulfur cake into an Erlenmeyer flask and
the sulfur treated with a little hot water and hydrogen sul-
fide gas to extract the sugar derivative and reduce the
iodine which adhered to the sulfur. This extraction was
repeated twice.

Hydrolysis of 2,4-benzal-L-xylose was performed by im-
mersing the combined water extracts in a boiling water hath
for 1 hr. The cloudy solution obtained was decanted from a
drop of oil (benzaldehyde) which settled to the bottom of
the flask. Silver carbonate, 20 g., was added to the cooled
solution to precipitate iodide ion. The suspension was
swirled occasionally and usually left overnight,. A filtered
aliquot of the supernatant solution usually contained
soluble silver ion and the pH of the solution rose to 5.0-6.0.
The solution was boiled with carbon (Norit, A) filtered by
suction and the filtrate freed of silver ion with hydrogen
sulfide. Vacuum filtration with carbon (Norit A) gave a
clear, colorless solution, which was concentrated in vacuo
to approximately 150 ml. The concentrate was sometimes
cloudy and was extracted in liquid-liquid Soxhlet extraction
apparatus for 24-48 hr. w-ith freshly distilled ether. A slight

(2) T. Reichstein, A Grlssner, and R. Oppenauer, Helv.
Chim. Ada, 16, 1019 (1933).

(3) L. V. Vargha, Ber., 68, 18 (1935).

(4) P. C. Chan, R. R. Becker, and C. G. King, J. Biol.
Chem., 231,231 (1958).

(5) Melting points were taken on a Fisher-Johns melting
point apparatus. Analyses were carried out ty Drs. G. Weiler
and F. B. Strauss, Microanalytical Laboratory, Oxford.
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white precipitate containing sulfur sometimes deposited
during the ether extraction.

The extracted solution was treated with carbon (Norit A)
and concentrated in vacuo (50°) to a sirup, which was dried
in a desiccator over phosphorus pentoxide. After recrystal-
lization from absolute ethanol and standing in the refriger-
ator, white prisms were obtained within 24 hr. Yield 6.2 g.,
80% of the theoretical, m.p. 142°.

h-Xylose-2,4-dinitrophenylhy(Irazone. A suspension  of
0.01.1/ 2,4-dinitrophenylhydrazine (1.98 g.) in 200 ml.
ethanol was added to 0.01.1/ L-xylose (1.5 g.), dissolved in
5 ml. of water and refluxed for 12 hr. The solution was fil-
tered when warm, kept at room temperature overnight
and the clear solution was concentrated in vacuo to dryness.
The residue thus obtained, a mixture of red plates and yellow
needles, was extracted with 50 ml. of hot ethyl acetate and
filtered. Upon recrystallization of the undissolved fraction
from ethanol-water (1:1) red plates and yellow needles
were formed. By fractional crystallization from ethanol-
water (1:1) pure yellow needles, m.p. 165°, were obtained.
The melting point of the D-isomer as recorded by Lloyd
et al.6is 162-163°.

Anal. Calcd. for C,HhOsN4: C, 40.00; 11, 4.24: X, 16.96-
Found: C, 39.51; H, 4.01; N, 16.85. C, 39.81; H, 4.08, X,
16.80.

I-Xylose p-nitrophenylhydrazonc. A 1.5-g. sample of p-
nitrophenylhydrazine (0.01M) was dissolved in 100 ml.
ethanol. To the clear solution 1.5 g. L-xylose (0.01.1/) was
added and the solution was heated to boiling. The solution
was kept at room temperature for 1 hr. and concentrated
under reduced pressure to a crystalline mass. The crystals
were washed with cold water, then with cold ethanol and
reerystallized from ethyl acetate as prismatic needles, m.p.
152°.

Anal. Calcd. for CuHrO«”: C, 46.31; H, 5.26; XI, 14.73.
Found: C, 46.46; H, 5.48; N, 14.70.

(ij-xylo)-1,S,8,4-tetrahydroxybulylbenzimidazole  hydrochlo-
ride (l-xylose benzimidazole hydrochloride). Barium L-
xylonate was prepared according to the directions of Moore
and Link.7 A 1.7-g. sample of L-xylose yielded a white
hygroscopic barium salt which was washed by three cen-
trifugations in methanol. The salt was suspended in 20 ml.
of water and a slight excess of L.V sulfuric acid was added.
Precipitated barium sulfate was removed by centrifugation
and the supernatant liquid was concentrated under reduced
pressure. The sirup obtained was dissolved in ethanol (5
ml.). To the cloudy solution, 55 ml. «.-butanol, 0.9 g. o
phenylenediamine dihydrochloride and 0.6 g. o-phenylene-
diamine were added, and the mixture was then refluxed for
8 hr.

The solution obtained after filtration was concentrated
under reduced pressure to about 30 ml. The crystallization
of L-xylo-benzimidazole hydrochloride was spontaneous; the
crystals were twice crystallized from n-butanol as long
prisms, m.p. 180°. [, —15.5° (c, 2; HsO). Huebner et
al.1report m.p. 181-182°, [n]a, +17.3 (c, 2; HA), for the
D-isomer.

Anal. Calcd. for C,,H,DMNZXL: C, 48.1; H, 5.5; N, 10.2.
Found: C, 48.3; H, 5.5; X, 9.8.

D epartment oe Biological Chemistry
The Hebrew University

Jerusalem, Israel and

Institute for Biological Research

N es-Zionia, Israel

(6) E. Alon Lloyd and D. G. Doherty, J. Aw. Chem.
Soc.., 74, 4214 (1952).

(7) S. Moore and K. P. Link, J. Org. Chem. 5, 637
(1940).

(8) C. F. Huebner. R. Lohmar. R. J. Dimler, S. Moore,
and K. P. Link, J. Biol. Chew., 159, 503 (1945)
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Instability of the Butenylcadmium
Reagent

Jambs Cason and Ralph Fessendenl

Received October 30, 1959

Although organocadmium reagents have found
wide application for synthesis of ketones,2the only
alkyl radicals which may he utilized satisfactorily
are primary ones. Secondary or tertiary alkyl-
cadmium reagents are too unstable,3 even at 0°,
to allow their effective use in synthesis. It seems
probable that the principal route4of decomposition
of the cadmium reagent involves dissociation to
free radicals which disproportionate to a mixture
of alkane and alkene. Although it would be pre-
dicted that the crotylcadmium reagent would be
more prone to dissociate than an n-alkylcadmium
reagent, because of resonance stabilization of the
radical containing an allylic structure, the allyl
type of reagent might still prove sufficiently stable
for use in synthesis provided its structure involves
only the primary radical (I or the dialkenylcad-
mium structure) and no equilibration with the
secondary structure (I1). The nuclear magnetic

CH3—-CH=CH—CH2—Cd—X CIT—CH—CH=CH2

|
Cd—X
| 1

resonance spectrum of allylmagnesium bromide5
has been interpreted as indicating an equilibrium
between forms with either terminal carbon at-
tached to magnesium; however, the ultraviolet
spectrum of the Grignard reagent from cinnamyl
bromide6has a form suggesting the primary struc-
ture analogous to I.

Since work in this laboratory has been concerned
with utilization of the cadmium reagents in syn-
thesis,7the stability of the butenylcadmium reagent
has been examined. When the butenyl Grignard
reagent was treated in the normal manner for con-
version to a cadmium reagent,2 and the reaction
product was then treated with decanoyl chloride,
the only higher-boiling products of the reaction
appeared to be condensation products from the
acid chloride. A preparation was then examined

(1) Present address: Department of Chemistry, San Jose
State College, San Jose, Calif.

(2) J. Cason, Chan. Revs., 40, 15 (1947); D. A Shirley,
Org. Reactions, Vol. 8, John Wiley and Sons, Inc., New
York, 1954, p. 28.

(3) J. Cason and I1 S. Prout., J. Am. Cheni. Soc.., 66, 40
(1944).

(4) J. Cason, G. Sumrell, and R. S. Mitchell, J. Org.
('hern., 15, 850 (1950).

(5) J. E. Nordlandcr and J. D. Roberts, J. Am. Chcm.
Soc., 81, 1769 (1959).

(6) It. H. DeWolfe, D. L. Hagmann, and W. G. Young,
J. Am. Chem. Soc., 79, 4795 (1957).

(7) For the preceding report in this field, cf. J. Cason and
R. J. Fessenden, J. Org. Chem., 22, 1320 (1957).
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immediately after reaction of the Grignard rea-
gent with cadmium chloride. Treatment of the
solution with water at this point yielded only
coupling products of the butenyl radicals, and no
butene; therefore, it must be concluded that the
butenylcadmium reagent, if it is formed as such,
rapidly dissociates at the temperature of boiling
ether. Since the butenyl radical is relatively stable
to disproportionation, coupling results.

Preparation cf the butenyl Grignard reagent at
high dilution8 gave about 75% yield of reagent, as
judged by titration, and about 25% vyield of
coupling products. The mixture of isomeric octa-
dienes (I11, 1V, V) obtained as coupling products in

CHi=CHCH(CH3CH(CHj)CH=CH?2 1"
CHXH=CHCHZXH(CH3CH=CH?2 v
CRCH=CHCHXHZXH=CHCH3 \Y%

this preparation has been separated by distillation
and characterized in work by Young, Roberts,
and Wax.9Gas chromatographic analysis was used
in the present work to obtain the ratio between
isomers which is recorded in Table I. Although the
ratio of isomers differs somewhat from that ob-
tained previously by distillation, the order of abun-
dance of isomers is the same (IV>V>II1). After
the Grignard reagent had been treated with cad-
mium chloride, there was obtained 78% yield of
octadienes, and it is of interest that the ratio of

TABLE |

Isomer Distribution in Mixtures of Octadienes*

Distribution of Isomers,6

i v \Y
Coupling product after prep- 11 55 A
aration of Grignard re-
agent
Coupling product after reac- 10 50 40
tion with cadmium chlo- 145 49 36.5
ride’
Previously reported¥from 2 88 10

Grignard reagent

" Undistilled samples or unfractionated distillates were
used for injection into an 8 mm. 0.d. X 2 m. gas chromatog-
raphy column containing as partitioning agent about 5%
di-2-ethylhexyl phthalate on 30-60 mesh Celite firebrick.
At a temperature of 53°, with helium flow of about 50 ml./
min., retention times (from time of injection to maximum
in peak) for isomers Ill, IV, and V were respectively
2:33 (min., sec.), 3:00 and 4:26. 6 Per cent of an isomer
reported is the per cent of the area under all bands repre-
sented by the area under the band for that isomer. Bands
were assigned on the basis of the boiling points previously
reported,9i.e. the lowest-boiling isomer was assigned to the
band of shortest retention time. In addition, one run was
partially separated by fractional distillation (cf. Experi-
mental). ' Results given first are from the slow reaction
with cadmium chloride in a dilute solution in ether, while
those given second are in more concentrated solution (cf.
Experimental). d See ref. 9.

(8) IV. G. Young, A. N. Prater, and S. Winstein, J. Am.
Chem. Soc., 55, 4908 (1933).

(9) W. G. Young, J. D. Roberts, and H. Wax, J. Am.
Chem. Soc., 67, 841 (1945).
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isomers (cf. Table 1) is in essential agreement with
that obtained during preparation of the Grignard
reagent. Thus, whatever mechanism is involved in
the reaction of butenylmagnesium bromide with
butenyl bromide, the factors controlling isomer
distribution give results quite similar to those re-
sulting from coupling of the butenyl radical.

EXPERIVENTALD

Butenyl Grignard reagent was prepared according to the
procedure of Young, Prater, and Winstein8 from 1.5 moles
of magnesium turnings and 0.5 mole of crotyl bromide.ll
There was used a total of 1 1 of anhydrous ether, and the
bromide was added during about 4 hr.

Titration2 of the solution of Grignard reagent indicated
yields, in several runs, between 70 and 80%. In one run, the
solution of Grignard reagent was concentrated by distillation
of about 75% of the ether. Within the limits of experimental
error (£10%), the assay by titration remained unchanged.

In a run in which the Grignard reagent was decomposed
with water soon after it had been prepared, there was a
violent reaction and evolution of large quantities of gas
(not trapped). Work-up of the ether solution and distillation
yielded 8.1 g. (25%) of a mixture of octadienes, b.p. 99-
124°. This mixture was subjected to analysis by gas chro-
matography, with the results reported in Table I; no crotyl
bromide was present. The infrared spectrum of the octa-
diene mixture exhibited absorption bands at the following
wave lengths (y): 3.32, 341 (doublet), 6.05 6.82, 7.00,
7.25, 10.04, 10.32, 10.95.

Reaction of the butenyl Grignard reagent with cadmium
chloride. A solution of Grignard reagent prepared as de-
scribed above was transferred under nitrogen pressure to
another flask in order to remove the large excess of mag-
nesium. Assay of the transferred solution by titration was
the same within experimental error (£3%) as before trans-
fer. After there had been added over a 3-min. period 0.43
mole of anhydrous cadmium chloride, the mixture was
stirred and heated under reflux until the Gilman test for
Grignard reagent had become negative.RTitration12 of the
mixture after this period showed the presence of no material-
consuming acid.

To the mixture was added 100 ml. of water, then the ether
layer was separated, washed with water, and dried with
magnesium sulfate. The bulk of the ether was removed by

(10) Boiling points are uncorrected; distillations were
through a 65 cm. column of the simple Podbielniak design
(cf. J. Cason and H. Rapoport, Laboratory Text in Organic
Chemistry, Prentice-Hall, Inc., Englewood Cliffs, 1950, p.
237). Infrared spectra were recorded on a Baird spectro-
photometer, using thin films.

(11) Gas chromatography of the “crotyl” bromide on
silicone grease as partitioning agent indicated a composition
of 11% methylallyl bromide and 89%. crotyl bromide. Since
the Grignard reagents from these two bromides have been
found to be indistinguishable \rf. R. H. DcWolfe and
IV. G. Young, Chem. Revs., 56, 735 (1956)], it was deemed
not. worthwhile to separate the minor content of methylallyl
bromide.

(12) H. Gilman, P. D. Wilkinson, W. P. Fishel, and C.
H. Meyers, J. Am. Chem. Soc., 45, 150 (1923).

(13) The cadmium reagent gives a negative result in
this test [cf. H. Gilman and J. F. Nelson, Rec. trav. chirn,,
55, 518 (1936)]. In the dilute solution in which the Grignard
reagent was prepared, about 12 hr. elapsed before the test
was negative, but in a run in which the solution was con-
centrated to one-fourth volume the test became negative
after about 30 min. under reflux. The slow reaction with
cadmium chloride in dilute ether solution has been noted
on several previous occasions in this laboratory.
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fractional distillation and the residue was subjected to
analysis by gas chromatography (cf. Table I). DistillationD
yielded a total of 21.7 g. (78%) of octadienes, b.p. 99-124°.
This material was distributed in three main fractions: (1)
b.p. 99-109°, n2 1.4154-1.4209; (2) b.p. 110-114°, mib
1.4233-1.4259; (3) b.p. 118-124°, k2b 1.4302-1.4309. For
the isomeric octadienes (cf. formulas in text) there have
been reported:0 (111) b.p. 102°, n™ 1.4211; (1V) b.p. 111°,
nDd 1.4240; (V) b.p. 124°, nD 1.4336. Gas chromatography
of the three fractions showed incomplete separation, as
would be judged from the boiling point range; however,
bands for only three components were observed, and the
major band in each fraction was that expected from a cor-
relation of retention time with boiling point.

The infrared spectrum of this mixture of octadienes was
nearly identical with that exhibited by the mixture obtained
directly from the preparation of Grignard reagent.

In one run, before cadmium chloride was added, a gas
absorption line was arranged so that any exit gases would
pass through two tubes of bromine thermostatt.ed at 30°
and then through a trap cooled in Dry Ice. Periodically, the
flask and train were flushed with nitrogen. After the nega-
tive test for Grignard reagent had been obtained, the
bromine was decomposed with sodium bisulfite; no water
insoluble material was obtained. Also, no liquid was retained
by the cold trap. A new absorbing train was put in place
before water was added to the mixture. Again, no volatile
gases were recovered.

In the run in which reaction with cadmium chloride was
accelerated by concentration of the ether solution, results
were essentially the same as when the dilute solution was
utilized. Analysis of the octadiene mixture is included in
Table 1.

Chemical Laboratories
University of California
Berkeley, Calif.

Preparation and Spectra of
Some Dinitroparaffins

J. K. Stille and E ugene D. Vessell
Received November 4, 1959

The only method reported in the literature for
preparing a,w-dmitroparaflins has been the classical
Victor Meyer reaction in which the appropriate
diiodoalkane was treated with silver nitrite in an
ethereal solution.2A recent study has demonstrated,
however, that this reaction is really useful only for
the synthesis of primary nitroparaffins.3 This note
describes the preparation and spectra of a series of
mco-dinitroparaffins and a comparable secondary
dinitro compound.

The a,a)-dinitroparaffins can be successfully
prepared by treating the appropriate dibromo-
alkane with sodium nitrite in ATV-dimcthylform-
amide:

(1) This investigation was supported in part by a Re-
search Grant from Socouy Mobil Oil Company, Inc., Pauls-
boro, New Jersey.

(2) H. Feuer and G. Lest.on, Org. Syntheses, 34, 37 (1954).

(3) N. Kornblum, B. Taub, and H. Ungnade, J. Am.
Chem. Soc., 76, 3209 (1954); N. Kornblum, R. Smiley, H.
Ungnade, A. White, and S. Herbert, J. Am. Chem. Soc.,
77, 5528 (1955).
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TABLE |

Dinitro- Yield,” Infrared
paraffin % M.P. B.P. W29 (NO)) Cm.-'
1,6-D_initrohexane 42 36-37° 100-103°/0.3 mm. 1550 1385
1,5-Dinitropentane 29 113-11570.2 mm.* 1.4597° 1550 1383
1,4-Dinitrobutane 33 33.5-34.50i 1550 1379
1,3-Dinitropropane 6 I00-1017 0.5 mm.e 1.4635e 1550 1385

(25°)

2,5-Dinitrohexane7 7 51-52° 1538 1389
1357
1317

“ Pure compound. “ Lit.2m.p. 36.5-37.5°. e Lit.2h.p. 13471.2 mm., re® 1.4610. d Lit.2m.p. 33-34°. eLit.2b.p. 103°/
1.0 mm., n1 1.4638. 'Anal. Calcd. for CHIZND 4: C, 40.90; H, 6.87; N, 15.90. Found : C, 41.02; H, 6.96; N, 15.61.

NaNOi
R—CH(CH2,CH—R -==—> R—CH(CH,),CH
R=HCH3 n=1-4

The vyields of pure products decrease with de-
creasing size of the alkyl portion of the molecule and
a low yield is observed in the preparation of the
secondary dinitroparaffin, 2,5-dinitrohexane. Ap-
parently steric hindrance plays an important role
in this reaction and thus reduces the applicability
of the procedure for the lower members of the
series.4 (Table 1). The preparation of 1,6-diiodo-
1,6-dinitrohexane is also described.

Fig. 1 Ultraviolet spectra of dinitroparaffins in 95% eth-
anol
—O— 1,6-Dinitrohexane

------- 1,3-Dinitropropane
—e — 2 5-Dinitrohexane

------ 1,4-Dinitrobutane
....... 1,5-Dinitropentane

(4) D. Mooberry, Ph.D. Thesis,
(1954).

Fig. 2. Ultraviolet spectra of dinitroparaffins in dioxane

------- 1,3-Dinitropropane  —O— 1,6-Dinitrohexane
------- 1,4-Dinitrobutane  —e — 2,5-Dinitrohexane
....... 1,5-Dinitropentane

Aliphatic nitroparaffins are characterized by a
low intensity, broad absorption band in the ultra-
violet region at 270-280 m/i and a second high in-
tensity band which lies below 200 m/tAB6 No fine
structure is observed in the 280 mp band. Solvent
effects on the ultraviolet spectra of nitroparaf-
fins and for nitromethaneA7 In those studies
benzene, toluene, and dioxane were “active”
solvents and increased the intensity of absorption
as compared whh a series of nonactive solvents.
This perturbation has been considered to arise

(5) R. Hazeldine, J. Chem. Soc., 2525 (1953).

(6) N. Bayliss and C. Brackenridge, J. Am. Chem. Soc.,
77, 3959 (1955).

(7) H. Ungnade and L. Kissinger, J. Org. Chem., 22,

Purdue University 1088 (1957).

(8) G. Kortum, Z. Electrochem., 47, 55 (1941).
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either from a 1:1 complex formation with the
solvent or from a direct physical perturbation.

In this investigation the ultraviolet spectra of
the series of dinitroparaffins prepared were ob-
served in both 95% ethanol (Fig. 1) and in dioxane
(Fig. 2). The molar absorbtivities of these com-
pounds were approximately twice as great as those
reported for similar mononitroparaffins, indicating
that the nitro groups absorb independently with
little or no interaction in the molecule. Both bath-
ochromic and hyperchromic shifts were observed
with increasing chain length in the series. Less
solvent perturbation occurs with secondary nitro-
paraffins than with similar primary compounds.
No absorption band was observed near 380
when ethanol was used as solvent and therefore it
appears that no ionization of these compounds in
the solvents studied occurs.8 Thus the a,co-dinitro-
alkanes are considerably weaker acids than either
nitromethane or the j*em-dinitro compounds.

In the case of grem-dinitroparaffins, the molar
absorptivity is increased by the active solvents to
the extent that the 280 mp. band was completely
submerged.7With this series of a,0>-dinitroparaffins,
the molar absorptivities were increased only
slightly (9-10 absorptivity units) when dioxane
was employed as solvent. Of those compounds ex-
amined, 1,3-dinitropropane appears to be the
strongest acid in the series. This would indicate
that solvent perturbation in the case of gem-
dinitro compounds (stronger acids) involves a
considerable amount of 1:1 complex formation.
However, the small amount of solvent perturba-
tion of a,co-dinitroparaffins is probably the result
of active solvent molecules forming a cage in
close proximity to and surrounding the solute
(a physical perturbation).

Electrolyses of aqueous solutions of the acf-salt
of 1,6-dinitrohexane using a procedure described
by Bahner were unsuccessful in an attempt to pre-
pare 1,2-dinitrocyclohexane via oxidative ring
closure.9

EXPERIMENTAL

The dinitroalkanes (Table I) were prepared essentially
by the modified Victor Meyer procedure. DA representative
ﬁrocedure is described for the preparation of 1,6-dinitro-

exane.

1,6-Dinitrohexane. To 1.5 1 of freshly distilled dimethyl-
formamide at 0° were added, with stirring, 1SO g. (3.0 mol.)
of dry urea, 180 g. (2.61 mol.) of dry sodium nitrite, and
1464 g. (0.6 mol.) of redistilled 1,6-dibromohexane. The
mixture was allowed to stir at 0° for 90 min. after which
time 160 g. (1.27 mol.) of anhydrous phleroglucinol was
added to scavenge the nitrite esters formed. The reaction
mixture was allowed to warm to room temperature over a
period of 24 hrs. The mixture was then poured into 11 of
crushed ice and extracted with methylene chloride. The

(9) C. Bahner, U. S. patent 2,485,803, Oct. 25, 1949:
(‘hem. Abstr., 44, 2876 (19501.

(10) N. Komblum, H. Larson, R. Blackwood, D. Moo-
berry, E. Eliveto, and G. Graham, J. Am. Chem. Soc., 78,
1497 (1956).
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extracts were washed with water and a saturated salt solu-
tion, and then dried. The solvent was removed under re-
duced pressure and the residual liquid was fractionally dis-
tilled, b.p. 100-103°/0.3 mm. The distillate recrystallized
from absolute methanol at —78°.

1,6-Diiodo-1,6-dinitrohexane. To a cold solution of 8.4
g- (0.38 mol.) of the disodium salt of 1,6-dinitrohexane,
(prepared from the reaction of 1,6-dinitrohexane with
sodium methoxide in methanol) in 75 ml. distilled water
was added a cold solution of 114 g. (0.07 mol.) sodium
iodide and 19.2 g. (0.07 mol.) iodine in 100 ml. water.1l
Decolonization of the iodine solution was instantaneous and
was accompanied by the formation of a light yellow finely
divided precipitate. The precipitate was removed by filtra-
tion and washed with a cold solution of sodium iodide and
several portions of waiter to yield 10.4 g. (64%) of impure
1,6-diiodo-l ,6-dinitrohexane. The product was recrystal-
lized from petroleum ether (30-60°), from ethanol-water
and from carbon tetrachloride to yield pure product, m.p.
68.5-69.5°. The compound gave a positive qualitative test
for iodine.

Anal. Calcd. for CrHnNoOIL: C, 16.83; H, 2.36. Found:
C, 16.70; H, 2.21.

Ultraviolet absorption spectra. The ultraviolet absorption
spectra were determined for freshly prepared 2-3 X 10-2
molar solutions in purified solvents with a Cary Model 11
recording spectrophotometer. Cell corrections, determined
with pure solvent, were subtracted from the absorbancy
values.

State University of lowa
lowrA City, lowa

(11) L. Seigle, Ph.D. Thesis, Purdue University (1939).
(12) J. Kisperskv, H. Hass, and D. Holcomb, J. Am.
Chun. Soc., 71, 516~(1949).

Structure and Spectra. 1. Ultraviolet
Absorption Spectra of 2,4-Dinitrophenyl-
hydrazones of Aliphatic Dienones and Styryl

Ketones

Samuel Yaroslavsky
Received August 20, 1059

The ultraviolet absorption spectrum of 2,4-
dinitrophenylhydrazones of saturated and a,8-
unsaturated carbonyl compounds is character-
ized by two distinct bands at 250-260 mja and 350-
400 mg The absorption of the 2,4-dinitrophenyl-
hydrazones of styrvl ketones, where the a,8-
olefinic bond is conjugated to an aryl moiety, has
now been examined. In every case a third maximum
was observed at 300-310 m/i, not as a shoulder on
the two other bands, but as a separate band, usu-
ally having an absorption intensity lower than the
other two.

The spectra of some 2,4-dinitrophenylhydrazones
of styryl ketones are reported in Table I, and some
examples are described'in Fig. 1. It is seen that the
K-bands fall in the region 390-400 m/p which is
beyond that found by Braude and Jones' for

(1) E. A Braude and E. R. II. Jones, J. Chem. Soc., 498
(1945).
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TABLE |
Ultraviolet Absorption Spectra of 2,4-dinitrophenylhydrazones of Styryl Ketones mya
First Band K-Band Third Band
2,4-Dinitrophenylhydrazone of Formula  Arex € ex e 11 E
Benzalacetone6 | 258 15,600 395 40,100 307 14,800
Benzalacetophenone4 1 257 28,000 397 40,000 307 22,300
5-Carbethoxy-3-phenyl-2-cyclopentenone-2-
acetic acidll i 263 30,000 390 32,500 301 15,300
Ethyl 3-phenyl-2-cyclopentenone-2-acetateri v 208 23,000 395 34,000 300 15,800
Ethyl 3-/3-naphthyl-2-cyclopentenone-2-
acetate4 \Y 263 25,000 400 36,000 314 12,500

aAll measurements were made in chloroform, using a Beckman DU spectrophotometer. 4N. L. Drake and P. Allen Jr.,
Org. Syntheses, Coll. Vol. I, 77 (1951). c E. P. Kohler and H. M. Chadwell, Org. Syntheses, Coll. Vol. I, 78 (1951). dE. D.
Bergmann, S. Yaroslavsky, and H. Weiler-Feilchenfeld, J. Am. Chem. Soc., 81, 2775 (1959). €E. D. Bergmann and S.

Yaroslavsky, unpublished results.

Fig. 1 Ultraviolet absorption spectra of 2,4-dinitrophenyl-
hydrazones of styryl ketones: | Vv-—-.

2,4 - dinitrophenylhydrazones of a,13- unsaturated
carbonyl compounds. The characteristic shift to
longer wave lengths and the appearance of a third
ultraviolet absorption band constitute two criteria
which may help identify the 2,4-dinitrophenyl-
hydrazones of styryl ketones.

The spectra of the 2,4-dinitrophenylhydrazones
of the aliphatic dienone system have been examined
by Braude and Jones.1 The K-bands fall in the
region 390-400 m/i, found by us characteristic for
the 2,4-dinitrophenylhydrazones of styryl ketones.
As for the appearance of a third band, the results
are summarized in Table Il. In some cases there
appears a third ultraviolet band, while in others
not. A careful examination of the latter cases will
reveal the rule in the dienone system.

TABLE 11

A Third Band in the Ultraviolet Spectra of the
2,4-Dinitropiienylhydrazones of Aliphatic Dienones
(him)

Third

2,4-Dinitrophenylhydrazone of Formula Band
CHXH=C(CH3CH=CHCHO Vi 308
Furfural Vil 302
~-lonone Vili 309
a-lonone IX —
C(CH32=CHCOCH=C(CH32 X —
Benzophenone Xl —

Compound X is not a 2,4-dinitrophenylhydrazone
of a normal (long-chained) dienone, but of a cross-
coniugated one. According to Woodward2 and
Ruzicka3 cross-conjugated dienones absorb ap-
proximately as o:/3-unsaturated ketones, that is
about 50 mu lower than the normal dienones.4
Therefore 2,4-dinitrophenylhydrazones of cross-
conjugated dienones should show the same spectral
properties as those of a,/3-unsaturated ketones.

Benzophenone, carrying a phenyl group on each
side of a carbonyl radical, has the properties of a
cross-conjugated dienone. Indeed, its absorption
maximum (252 m/ri) falls in the region of a,i3
unsaturated ketones.

We may therefore conclude that every 24-
dinitrophenylhydrazone of a normal dienone sys-
tem (in contrast with 2,4-dinitrophenylhydrazones
of a cross-conjugated one) shows a third band in the
ultraviolet absorption spectrum. The only excep-
tion is the absorption of the 2,4-dinitrophenylhy-
drazone of /3-ionone. But as this ketone shows many
other abnormal properties (e.g., the K-band of its
2,4-dinitrophenylhydrazone is about 20 nyi lower
than that of i/*-ionone,1and the K-band of its semi-
carbazone is about 25 mj. lower than that of i/-
iononef) it cannot upset the rule.

One would expect longer conjugated 2,4-dinitro-
phenylhydrazcnes to contain the third band, too.
Indeed the 24-dinitrophenylhydrazones of the
two trienones furfurylidene diethyl ketone and
2,4,6-octatrienal cited by Braude and Jones,1
do show this band.

Department of Organic Chemistry
The Hebrew University
Jerusalem, IsraelB

(2) R. B. Woodward, J. Am. Chem. Soc., 62, 1208
(1940); 63, 1123 (1941).

(3) L. Ruzicka et al., Helv. Chim. Acta, 21, 1735 (1937).

(4) Cf. E. A 3raude and F. C. Nachod, Determination of
Organic Structures by Physical Methods, Academic Press,
N. Y., 1955, p. 155, Table 10.

(5) H. Ley and H. Wingchen, Ber., 67, 501 (1934).

(6) A. Burawoy, J. Chem. Soc., 20 (1941).
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Some Oxygen-Containing Ferrocenes
Stanley |. Goldbergx
Received June 18, 1950

In connection with this Laboratory’s research
program, the oxygen-containing ferrocene deriva-
tives, 1-VI, were prepared. Of these only 1Y, V and
VI have not been previously described.

Present interest in the known compounds, I, 11
and 111, lies in the methods used to prepare them.
Thus, 12was obtained from treatment of ferrocene
with oxalyl chloride in the presence of aluminum
chloride. Preparation of I by this reaction3is analo-

R, R2

gous to the similar reaction of benzene which yielded
diphenylketone.4

The diacid chloride, 11, was obtained from treat-
ment of ferrocenedicarboxylic acid with PC13
Use of this reagent instead of the more conventional
reagents, PCls or SOCI2 gave Il in almost quanti-
tative yield with no sign of decomposition.5 Suc-
cessful preparation of 11 was shown by treatment of
the crude product with methanol followed by iso-
lation and characterization of the known diester,
I1l. The yield, therefore, is reported for the pure
diester derivative.

While several accounts of the preparation of for-

(1) Present Address: Department of Chemistry, Univer-
sity of Illinois, Urbaria, lllinois.

(2) E. Csendes in M. Rosenblum’s Doctoral Disserta-
tion, Harvard University, 1953.

(3) R. Riemschneider and D. Helm, Ckem. Ber., 89, 155
(1956), reported that no reaction occurred between ferrocene
and oxalyl chloride in the presence of aluminum chloride.

(4) H. Staudinger, Chem. Ber., 41, 3558 (1908).

(5) After the completion of this work, A. N. Nesmeyanov
and O. A. Reuton, Doklady Akad. Nauk S. S. S. R., 120,
1267 (1958), described a very similar procedure for the
preparation of I1.
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mylferrocene have appeared in the literature67a,
preparation of LI'-diformylferrocene (1Y) has not
been reported. 1. the present work, Il was treated
with lithium tri-iert-butoxyaluminohydride, a rea-
gent known to effect conversion of acid chlorides to
the corresponding aldehydes.0 Although it was not
possible to obtain a pure sample of 1V, its existence
was strongly indicated by the infrared spectrum
prepared from the crude material. No absorption
was present in the 0—H stretching region, while a
strong band at 6.00 g was observed. Infrared ab-
sorption of the carboxyl-carbonyl in II'-ferrocene-
dicarboxylic acid, the starting material, occurs at
6.12 jull while that of the aldehyde-carbonyl in
formylferrocene is reported as occurring at 5.91 g,6
5.95 ¢,75.9-6.0 p8and 6.02 p.9 Additional evidence
which showed the product not to be the starting di-
acid was its total insolubility in aqueous base.

Compound V, obtained via treatment of ferro-
cene with diphenyl ether-4-diazonium chloride,
was of interest because it gave rise to an infrared
spectrum (KBr disc) which possessed a band near 9
p but not near 10 p (9-10 Rule). When the spec-
trum was obtained from a carbon disulfide solution
of V, however, both the 9-band and the 10-band
were present; so that the absence of the 10-band in
the former case was attributed to a solid state effect,
and not to an inconsistency with the 9-10 Rule.

Compound VI was prepared by the same tech-
nique as was V. In this case the diazonium salt of
3-phenoxyaniline was used, and the product ob-
tained, VI, contained two phenoxyphenyl substit-
uents. Presence of absorption at 9 and 10 microns
in the infrared spectrum of the liquid compound
showed it to possess an unsubstituted cyclopentadi-
enyl ring.22

EXPERIVENTALT

Reaction of Oxalyl Chloride and Ferrocene. Diferrocenyl-
ketone (I). To a vigorously stirred solution of ferrocene (5.58
g.; 30 m.moles) and 50 ml. of pure dry methylene dichloride,
cooled to 0°, was added anhydrous aluminum chloride (2.67
g.; 20 m.moles) in small portions over a 1 hr. period. A cold
(0°) solution of oxalyl chloride (1.27 g.; 10 m.moles) and
50 ml. of methylene chloride was slowly added (1 hr.) to the
above described suspension. The dark violet colored reaction
mixture was stirred while it gradually reached room tem-
perature (approx. 2 hr.). After the mixture was rapidly
poured onto 100 ml. of crushed ice and water, it was phase

(6) J. K. Lindsay and C. R. Hauser, J. Org. Chem., 22,
355(1957).

(7) M. Rosenblum, Chem. and Ind. (London), 72 (1957).

(8) P. J. Graham, R. V. Lindsey, G. W. Parshall, M. L.
Peterson, and G. M. Whitman, J. Amer. Chem. Soc., 79,
3416(1957).

(9) G. D. Broadhead and P. L. Pauson, Chem. and Ind.
(London), 209(1957).

(10) H. C. Brown and B. C. Subba Rao, J. Amer. Chem.
Soc., 80,5377(1958).

(11) E. F. Wolfarth, Anal. Chem.., 30, 185 (1958).

(12) M. Rosenblum and R. B. Woodward, J.
Chem. Soc., 80, 5443 (1958).

(13) All melting points are uncorrected. Analyses by
Hufman Microanalytical Laboratories, Wheatridge, Colo.

Amer.
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separated. The organic phase (deep red) was dried and
evaporated to a mass of orange-red colored crystalline ma-
terial from which unchanged ferrocene was separated by
means of vacuum sublimation. The red-colored residue,
after chromatography on alumina followed by several re-
crystallizations from benzene, gave rise to pure | (200 mg.,
0.5%), m.p. 206.5-207.0° (liter, 206-20802). This product,
when melted in admixture with a sample of I, prepared
via the Friedel-Crafts Reaction of ferrocene and ferrocenoyl
chloride, ¥Eexhibited no melting point depression; and, both
materials gave rise to identical infrared spectra.

Anal. Calcd. for C2HMeD: C, 63.39; H, 4.56; Fe, 28.1.
Found: C, 63.34; H, 4.47; Fe, 28.9.

1,I'-Bis(chloroearbonyl)-ferrocene  (I1). I,I'-Ferrocenedi-
carboxylic acid (276 mg.; 1.0 m.moles) was added to an
excess of PC13(approx. 10 ml.), and heated in an atmosphere
of dry nitrogen under reflux during 24 hr. At the end of
that time—the diacid was dissolved and the reaction mix-
ture assumed a deep red-coloration—the excess PCU was
evaporated in vacua, and the red solid residue obtained was
cooled to 0°. The crude 11 was carefully treated with metha-
nol—a procedure which gave rise to a vigorous reaction,
including evolvement of HC1 gas. The reaction mixture was
evaporated to dryness in vacuo, and the solid residue ob-
tained was found to be completely insoluble in aqueous base.
It did, however, dissolve in ether, and no trace of the ether-
insoluble ferrocene diacid was observed. The ethereal solu-
tion was evaporated to a red-colored residue which, when
chromatographed on alumina, yielded, from the benzene-
methanol (50:1) eluant, 11 (265 mg.; 88%). The product was
recrystallized from cyclohexane and gave orange-red colored
needles, m.p. 114.0-114.6° (lit., 116.5-117.5°, & 114-
H5°16.17,18).

Anal. Calcd. for CiHi4e04 C, 55.66; H, 4.67. Found:
C, 55.67, 55.56; H, 4.81, 4.69.

II'-DiformylJerrocene (IV). 11'-Ferrocenedicarboxylic
acid (2.76 g.; 10.0 m.moles) was converted to Il as described
above. The crude product, free of PC13and dissolved in 50
ml. of pure dry diglyme,9was cooled to —78° by means of
a Dry Ice-acetone bath, and slowly treated with a cold
(—78°) solution of lithium tri-teri-butoxyaluminohydride
(30 m.moles) and 15 ml. of diglyme during 1 hr. The mix-
ture, vigorously agitated by means of a magnetically oper-
ated stirrer, was allowed to warm to room temperature and
remain overnight. Addition of 200 ml. of a mixture of crushed
ice and water produced a mass of red crystalline precipitate
which was collected and triturated with several portions of
dilute sodium hydroxide solution to remove any unreacted
ferrocene diacid. After the residue was washed with water
to free it of residual base, it was treated with portions of hot
ethanol (total volume, approx. 300 ml.) which eventually
dissolved all but a trace of the material. The ethanolic solu-
tion was evaporated to a red crystalline residue, presumed
to be crude IV (1.75 g., 73%). This product decomposed
when heated above 200°. Its infrared spectrum (KBr disc)
was found to be different from that of the starting diacid.
The material was so difficultly soluble in the variety of sol-

(14) Unpublished data of M. Rausch, Monsanto Chemical
Co., Dayton, Ohio.

(15) M. Rosenblum, Ref. (1).

(16) R. A. Benkeser, D. Goggin, and G. Schroll, J. Amer.
Chem. Soc., 76, 4025 (1954).

(17) A. N. Nesmeyanov, E. G. Perevalova, R. V. Golov-
nya, and O. A. Nesmeyanova, Doklady Akad. Nauk S. S.
S.R., 97,459 (1954).

(18) R. B. Woodward, M. Rosenblum, and M. C. Whit-
ing, J. Amer. Chem. Soc., 74, 3458 (1952).

(19) 2,5,8-Trioxanonane, also known as the dimethyl ether
of diethylene glycol.
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vents tried, that a large volume of solvent (methanol or
ethanol were best) was necessary to dissolve a small sample.
Crystallization under these conditions could not be induced.
Attempts to purify the product by means of vacuum subli-
mation only resulted in its decomposition. Preparation of a
pure sample for combustion analysis was not possible, and
analysis of the crude material gave equivocal results.

4-Ferrocenyldiphenyl Ether (F). A solution of 4-aminodi-
phenyl etherd (2.97 g.; 16 m.moles) and 175 ml. of water
containing 10 ml. of cone. HC1, cooled to —5°, was treated
with sodium nitrite (1.28 g.; 17.5 m.moles) to form the
diazonium salt from the amine. The temperature of the
reaction mixture was not allowed to rise above 0°, excess
nitrous acid was destroyed by addition of urea and the mix-
ture finally neutralized with sodium acetate solution. This
solution of diazonium salt was then rapidly added to a cold
(0°) ethereal solution of ferrocene (3.36 g.; 16 m.moles) and
vigorously stirred during 30 min. After the blue-black colored
reaction mixture was allowed to warm to room temperature
(40 min.), it was phase-separated. The deep blue colored
aqueous phase was treated with zinc and cone. HC1 until
the blue coloration, characteristic of the presence of ferri-
cium ion,2L was discharged. Ether extraction of the leuco-
aqueous mixture yielded 1.89 g. of a soft dark-colored sub-
stance which was combined with similar material (2.32 g.)
obtained by evaporation of the original ether phase. This
crude product was then submitted to continuous extraction
by petroleum ether (40-50°) in a Soxhlet Apparatus during
5 days.

Evaporation of the petroleum ether extract yielded a
residue of orange-colored crystalline material (3.19 g.)
from which unchanged ferrocene (1.39 g.) was sublimed.
Several recrystallizations of the sublimation-residue from
n-propanol raised its melting point from 125-127° to 129.5-
130.5°, and afforded pure V (1.74 g.; 31%).

Anal. Calcd. for CMHIsFeO: C, 74.60; H, 5.12. Found:
C, 74.68, 74.61; H, 5.08, 5.00.

Bis(8-phenoxyphenyl)-ferrocene (VI). A solution of 3-
phenoxyaniline2 (3.70 g.; 20 m.moles) in 15 ml. of water
containing 50 m.moles of cone. HC1 was diazotized as de-
scribed above. The solution of diazonium salt was rapidly
added to a cold (0°) solution of ferrocene (3.72 g.; 20
m. moles) in 70 ml. of ether. The reaction mixture was worked
up as in the previous case, and the partially purified product,
VI, was obtained from a column-chromatogram of the crude
reaction product. Pure VI (883 mg.; 8.5%) whs collected
after two molecular distillations in a Spath Bulb. The red-
colored fluid slewly vaporized at 150° under a pressure of
0.05 mm.

Anal. Calcd. for C3HZFe02 C, 78.17; H, 5.02; Fe, 10.7.
Found: C, 77.82; H, 5.21; Fe, 11.0.

Acknowledgments. The author wishes to express
his thanks to Professor K. L. Rinehart, Jr. of the
University of Illinois for helpful suggestions during
the course of this work, and to Mr. F. F. Bentley
and associates of this Laboratory for infrared spec-
tra.

Wright Air Development Center
Wright-Patverson Air Force Base, Ohio

(20) Prepared by means of the reduction of 4-nitrodi-
phenyl ether according to the procedure reported by Hazlet
and Dornfeld, J. Chem. Soc., 1781 (1944).

(21) The oxidized form of ferrocene, or the dicyclopenta-
dienyl iron (111) cation.

(22) Obtained from The Merck Chemical Co., Rahway,
N.J.; m.p. 37.8-38.2°.
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New Synthetic Approach to
Benzo[f]quinolines and
Dihydrolysergic Acid
Sir:

The elegant total synthesis: of lysergic acid (I)
and syntheses of the corresponding dihydro com-
pound=and unsaturated ergoliness-s have been ac-
complished by various schemes which, with one re-
cent exception,s were based upon the general con-
cept of ring D closure after construction of a suita-
ble ABC tricyclic compound:-. or substituted AC
(naphthalene) system.as

COOH

We wish to report now a series of reactions, dif-
fering in principle from these methods, in which
ring C and then finally ring B of a dihydrolysergic
acid precursor are formed after establishing rings
A and D. The present approach involves some
methods which although not unprecedented, are
novel inasmuch as they have not been applied until
now to elaboration of this or any other type of
complex polycyclic compound. These methods in-
clude: (1) preparation of 5-phenyl-6-methyl-2-
pyridones, (-) means for conversion of the methyl
group in such pyridones (Il) to the pyruvic acid
side chain (I11) required for cyclization to a
benzo [flquinoline (IV), and (3) reduction of a-
chlorobenzoquinolines (IV. X = CI) to 1,4-dihydro
compounds (VI) which may be rearomatized to the
dechlorinated compounds (IV. X = H).

(1) E. C. Kornfeld, E. J. Fornefeld, G. B. Kline, M. J.
Mann, D. E. Morrison, R. G. Jones, and R. B. Woodward,
J. Am. Chem. Soc., 78, 3087 (1956).

(2) F. C. Uhle and W. A. Jacobs, J. Org. Chem., 10, 76
(1945).

(3) A Stoll and T. Petrzilka, Helv. Chim. Acta, 36, 1125
(1953).

(4) F. R. Atherton, F. Bergel, A Cohen, B. Heath-Brown,
and A H. Rees, Chem. & Ind. (London), 1151 (1953).

(5) W. A Jacobs and R. G. Gould, J. Biol. Chem., 126,
67(1938); 130,399 (1939).

(6) H. Plieninger, M. Schach von Wittenau, and B.
Kiefer, Ber. 91, 2095 (1958), have prepared a compound of
this type by Pschorr ring closure between rings A and D.

POOR

POOR

POOR

Compound Il (R = CN) (m.p. 296° dec. Anal.
Found: C, 74.25; H, 4.93; N, 12.9) was obtained by
condensation of :-hydroxymethylene-lphenylpro-
panone: with cyanoacetamide, and was hydrolyzed
to the acid Il (R = COOH) (m.p. 265° dec. Anal.
Found: C, 68.17; H, 4.89; N, 6.3). Treatment of
this acid with oxalyl chloride in the presence of
phosphorus oxychloride gave, after treatment with
water, a partly-complexed product consisting es-
sentially of the chelated enolic acid 11 (Il = Id)
(dec. from 190°; green ferric chloride test), which
was identified by the corresponding ethyl ester, 111
(R = C:Hf (m.p. 170°. Anal. Found: C, 63.88; H.
5.44; N, 4.05; deep green ferric chloride test; infra-
red in Xujol, 5.79, 5.94, s .12, and 6.21 j). Cycliza-
tion of 111 (R = ) with coned, sulfuric acid gave
IV (R = H; X = OH) (m.p. > 360°. Anal. Found:
X, 5.04), again better characterized as the ethyl
ester, IV (R = C:lls; X = OH) (m.p. 211°; Anal.
Found: C, 67.03; Id, 5.04; X, 4.17; infrared in
Xujol: 5.80, 5.88, 6.01, and 6.16 n). The tricyclic
structure for 1V was confirmed by absence of both
the ferric chloride test and the infrared mono-
substituted benzene peak (700 cm.-1) shown by 111,
and by the enhanced ultraviolet absorption at long
wave lengths. Compound IV (R = H; X = Old)
was converted to the corresponding chloro-acid
chloride (X = CI) with phosphorus pentachloride in
phosphorus oxychloride, and thence by treatment
with methanol to IV (R = CH3; X = CI) (m.p.

(7) G. N. Walker,  Org. Chem., 23, 34 (1958).
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188°; Anal. Found: C, 61.99; H, 3.69; N, 4.44;

Cl, 1.09; Xyadl 5.79 /i). Although nitration of
this chloroester gave V (R = CH3; X = CI) (m.p.

231° dec. Anal. Found: C, 54.9; H, 3.2; N, 7.4;

Cl, 9.6) which could be converted via palladium-

catalyzed reduction to VII (R = CH3; X = Cl)

(m.p. 306° dec. Anal. Found: C, 61.47; H, 3.03;

N, 9.15; Cl, 11.6), dechlorination of these com-
pounds was impracticable and it was therefore
necessary to proceed as follows. Reduction of IV
(R = CH3; X = CI) with sodium borohydride re-
moved the chlorine and reduced the benzo[f]-

quinoline to corresponding 1,4-dihydroderivate,

VI (R = CH3 (m.p. 218° dec. Anal. Found: 68.9;

H, 5.08; N, 4.74; infrared in Nujol, 3.05, 5.83 and

6.03 U which was aromatized with palladium-char-
coal in xylene to IV (R = CH3 X = H) (m.p.

150°. Anal. Found: C, 69.17; H, 4.50; N, 4.89;

infrared, 5.75 and 5.80 n). Nitration of the latter

compound in analogy with Jacobs’ experiments5
on similarly constituted compounds, led almost ex-

clusively to V (R = CH3; X = H) (m.p. 204°. Anal.

Found: C, 59.86; H, 3.66; N, 8.5), and subsequent

reduction and lactam ring closure, using palladium-

charcoal in acetic acid,8 afforded compound VII

(R = CH3; X = H) (Anal. Found: C, 69.04; H,

3.68; N, 10.06), identical, in respect to melting

point (302°), mixed melting point (undepressed),

infrared spectrum (identical, with ester and lactam

peaks at 5.80 and 5.84 My respectively), and ultra-
violet spectrum with an authentic specimen29 of
that compound. Hydrolysis gave the correspond-
ing acid,2VIlI (R = X = H) (m.p. > 360°. Anal.

Found: C, 68.0; H, 3.2; N, 10.6) which has been

converted2to dihydrolysergic acid.

A full account of this work and related studies will
appear in the future. We wish to express our sin-
cere appreciation to Mr. Louis Dorfmann and his
entire staff for microanalytical and spectral data,
and to Dr. E. Schlittler for unfailing encourage-
ment.

Chemical Research Division Gordon N. Walker

CIBA Pharmaceutical Products, | nc.
Summit, N. J. Barbara N. Weaver

Received February 4, 1960

(8) G. N. Walker, J. Am. Chem. Soc., 77, 3844 (1955).

(9) We are greatly indebted to Dr. Frederick C. Uhle of
Harvard Medical School for a generous sample of this com-
pound. The ultraviolet spectrum has been published (cf.
ref. 6).

Substitution Reactions of Derivatives of
2-Anthrol at the 1- and 3-Positionsl
Sir:
Discrepancies contained in recent workZ3on the
Fries rearrangement of 2-anthryl acetate (I)

(1) This study was supported, in part, by Grant G-7640
from the National Science Foundation and by a grant
from the Research Corp.
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prompt us to publish briefly the preliminary re-
sults obtained in our independent study4 of this
reaction and of the formylation of 2-methoxy-
anthracene (I1l1. Thus, both the hydroxyketone
(11), m.p. 218-219° dec., obtained3in 83% vyield
from the high-temperature rearrangement of 1, and
the hydroxyketone (1V), m.p. 112-113°, obtained2
in unspecified low yield from rearrangement in
nitrobenzene at room temperature, are reported to
be methyl 2-hydroxy-l-anthryl ketone, an ap-
parently rigorous proof of structure having been
offered in each case.

Both 111 and IV have been obtained independ-
ently in this Laboratory'l under roughly similar
conditions but in greatly different yields. Thus, the
Fries rearrangement of | in nitrobenzene (0.5 hr.
at room temperature) produced IV, m.p.I115-116.5°,
in yields of about 60%, whereas the high tempera-
ture reaction (1.5 hr. at 140°, no solvent) produced
I, m.p. 226-227° dec., in yields of 3-13%.
Mixture melting points of the methyl ethers and
acetates of 111 and IV have shown that they are
different isomers, and repeated attempts to obtain
11 in higher yield have failed.

The proof of structure described by Shah and
Sethna2 was independently employed by us,4 and
their assignment of the 2,1 orientation to 1V is con-
firmed. The 2.3 orientation is assigned to III,
since infrared spectra6revealed strong intramolecular
hydrogen bonding. The Dakin oxidation of Il to
1,2-anthradiol, which Jain and Seshadri3advanced
as proof of structure, conceivably could be ex-
plained by contamination with IV, which also is
formed in low yield from the high-temperature
Fries rearrangement.

Formylation of 11 with W-methylformanilide and
phosphorus oxychloride has afforded a mixture
(about 70% vyield) of approximately equal
amounts of two difficultly separable methoxy-
aldehydes, m.p. 192-1945° and 116-117°.
Separate demethylations produced, respectively,
the known 2-hydroxy-l-anthraldehyde3 (V), m.p.
and mixed m.p. 166.5-167°, and a new hydroxy-
aldehyde (VI), m.p. 228-231° dec., most probably
the 3,2 isomer since infrared spectra6 revealed
strong intramolecular hydrogen bonding. The 1,2
orientation of both IV and V was confirmed by
proton magnetic resonance spectra.6

The above work apparently represents the first
two examples of the formation of comparable

(2) N. H. Shah and S. Sethna, J. Org. Chem., 24, 1783
(1959).

(3) A C. Jain and T. R. Seshadri, J. Sci. Industr. Res.,
15B, 61 (1956).

(4) J. L. Ferrari and I. M. Hunsberger, Abstracts of
Papers, 136th Meeting of the American Chemical Society,
Sept. 1959, p. 21 P.

(5) Determined at the University of Illinois through the
courtesy of Dr. H. S. Gutowsky.

(6) Determined at the University of Illinois through the
courtesy of Dr. H. S. Gutowsky and Dr. A L. Porte.
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amounts of 2,3- and 2,1- isomers by substitution
into a 2-substituted anthracene. A rigorous chem-
ical proof of structure of 111 and IV is in progress
and will be reported later, along with details of
the above reactions and evidence (derived from
infrared and proton magnetic resonance spectra)
concerning the bond structure of anthracene.

John L. Ferrari
I. Moyer llcnsberger

Department of Chemistry
Fordham University
New York 58, N. Y.

Received February 3, 1960

The Synthesis of Triindole, and Mixed
Indole and Indole:Pyrrole Trimers

Sir:

The structure of triindole, the stable terminal
product from the acid-catalyzed polymerization of
indole, remained an enigma from "he time of its
discovery in 19131until 1954, when a structure was
proposed which could be derived through a plaus-
ible electronic mechanism.2 Based on the discovery
that it forms a Schiff base with benzaldehyde, and,
therefore, must contain a primary amino group,
Smith proposed the bisindole structure Ilia for
triindole. The mechanism proposed for the forma-
tion of triindole3 involves diindole as an inter-
mediate. The correct structure for diindole (1),
first proposed in 1954,2was confirmed by degrada-
tion in 1957.6We have now confirmed structure
Ilia for triindole by an independent synthesis.

In the manner common for formation of bis-
indoles, by condensation of indoles with aldehydes,6
an excess of indole condensed with o- nitrophenyl-
acetaldehyde6 in warm acetic acid solution (100°,
2 hr) to give 3,3'-[2-(2-nitrophenyl)ethylidene]-
bisindole (Ha) in 85% yield, light yellow crystals
from ethanol water, m.p. (softens above 205°)
208-209°; Anal. Calcd. for C2,HIIN 3 2(381.42): C,
75.57; H, 5.02: N, 11.02. Found: C, 75.64; H, 5.20;
N, 11.10; pnh 3450, pnos 1522, 1347 cm.-1 in
Nujol; Angtin 95% CZHBOH: 223 m/i (log « 4.84),
275 (4.12), 282 (4.13), 291 (4.08). Hydrogenation
of Ha at 2 atm. in methanol over Raney nickel
catalyst gave triindole (llia) in 77% vyield, m.p.
and mixed m.p. with an authentic sample,7 169-

(1) K. Keller, Ber., 46, 726 (1913).

(2) G. F. Smith, Chem. andInd. (London), 1451 (1954).

(3) For a further discussion of the mechanism of forma-
tion of triindole and mixed indole and indole:pyrrole
trimers, see \V. E. Noland and C. F. Hammer, J. Org. Chem.,,
25, forthcoming (1960).

(4) H. F. Hodson and G. F. Smith, J. Chem. Soc., 3544
(1957).

(5) E. Fischer, Ann., 242, 372 (1887).

(6) R. A. Weerman, Ann., 401, 1 (1913).

(7) O. Schmitz-Dumont, B. Nicolojannis, E. Schnor-
Eenber)g, and H. H. Saenger, J. prakt. Chem., 131, 146
1931).
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170.5°. The infrared spectra of the two samples in
Nujol were identical in every respect.

v,V
I, IV. Y = NOo
I, V. Y = NH2
lia, Ilia. R, = R2 =
lib, IlIb. R, = H, R, = CH3
lie, Illc R, = R2= CH3

In a similar manner (except at 50°, 17 hr.) were
prepared  2,2'-dimethyl-3,3'- [2-(2-nitrophenyl)-
ethylidene] bisindole (lib) in 87% yield, pale
yellow crystals from 95% ethanol, m.p. 231-
232.5°; Anal. Calcd. for CEHZNI 2 (409.47): C,
76.26; H, 5.66; N, 10.26; Found: C, 75.98; II,
5.89; N, 10.49; r\n 3380, rNo2 1530, 1365 cm.-1 in
Nujol; An in 95% CZHB0OH: 228 mM (4.80), 283
(4.18), 292 (4.14); 1I'2,2'-tetramethyl-3,3"'-[2-(2-
nitrophenyl)ethylidene] bisindole (lie) in 99% yield,
yellow crystals from 95% ethanol, m.p. 180-
181.5°; Anal. Calcd. for C28HZN3I2 (437.52):
C, 76.86; H, 6.22; N, 9.61; Found: C, 76.94;
H, 6.31; N, 9.83; rNo2 1523, 1357 (also strong
bands at 1381 and 1371) cm.-1 in Nujol; Ag¥ in
95% CZHB5OH: 230 npi (4.81), 287 (4.16), 294
(4.16); and 2,2'5,5'-tetramethyl-3,3-[2-(2-nitro-
phenyl)ethylidene] bispyrrole (IV) in 90% vyield,
golden yellow crystals from 95% ethanol, m.p.
(darkens above 185°) 217-218°; Anal. Calcd. for
CIH2N 302 (337.41): C, 71.19; H, 6.87; N, 12.45;
Found: C, 70.89; H, 7.06; N, 12.69; rNH 3330,
da21518, 1340 cm.-1 in Nujol; ultraviolet spectrum
in 95% ethanol contains only rising end absorption.

Hydrogenation as with triindole gave the
corresponding amines: Illb in 79% yield, colorless
crystals from methanol water, m.p. (softens at
175°) 245-246°; Anal. Calcd. for CBHEN 3(379.48):
C, 82.29; H, 6.64; N, 11.07; Found: C, 82.28;
H, 6.72; N, 10.99; f\h 3420 (strongest), 3350,
3190 cm.“1in Nujol; Aw* in 95% CZHS0OH: 229
m/i (4.82), 285 (4.18), 292 (4.15); Illc in 79%
yield, colorless crystals from methanol water, m.p.
182-183°; Anal. Calcd. for C~AH ™ (407.54):
C, 8251; H, 7.17; N, 10.31; Found: C, 8257,
H, 7.24; N, 10.06; d\h 3480, 3390 cm.-1 in Nujol;
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Anx in 95% CZHEOH: 231 (4.83), 289 (4.16),
294 (4.15); V in 65% vyield, colorless crystals
(which darken rapidly) from methanol, m.p.
(softens and darkens at 183°) 197-199°; Anal.
Calcd. for COHXN3 (307.42): C, 78.13; H, 8.20;
N, 13.67; Found: C, 77.98; H, 8.29; N, 13.70
rsH 3380 (strongest), 3320, 3240 cm.-1 in Nujol.
The melting point and infrared spectrum of the
latter showed it to be identical with indole :di-
2,5-dimethylpyrrole trimer,3thus confirming struc-
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ture Y for the mixed trimer by an independent
synthesis.

School of Chemistry W ayland E. Noranda

University of Minnesota Wirttiam C. Kuryla8

Minneapolis 14, Minn.
Received February 8, 1960

(8) It is a pleasure to acknowledge support of W. C. K.
through a Predoctoral Fellowship from the National Heart
Institute, United States Public Health Service. All melting
points were determined on a Kofler micro hot stage.
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