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Abstract

A general method for the synthesis of polyspirsnes cone
taining eyclobutane rings is described. The method involves
condensation of sodiomalonic esters with derivatives of trimethylw
ene glycol to give cyelobutane-l,l-dicarboxylates, reduction of
these esters with lithium aluminmum hydride to the corresponding
1,l-dimethylol eyclobutane, and the use of this substituted trie
methylene glyeol for a repetition of the cycle, By means of this
series of reactions spiro=(3,3)~heptane has been made.

The degradation of silver salts of certain types of aliphatic
carboxylic acids with bromine has been imvestigated, Halogen=-
substituted acids were found to give results that were dependent
upon the position of the halogen and the technique that was em=
ployed, Polyearboxylie acids, contrary to some previous reports,
were found to undergo the resction in fair yields, giving slkyl
polybromides. The cyclobutane ring was found to be ¢leaved during
the degradation if carried out as customarily described, but use
of lov temperature techniques gave cyclobutyl bromides in good
yields, The mechaniam of the reaction is the subjeet of some

speculation, but its synthetic usefulness seems considerable,
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PART I

SPIRO(3,3)HEPTANE



PART I

SPIRO=(3, 3)=HEPTANE

The firast formation of a spirane system wgs reported in 1899
by Meiser (1). He isolated spiroe(4,5)~decancne~6* (I) as the
product of a pinacolone rearrangement carried oﬁt on 1l,1'dihydroxy~
dicyelopentyl, a result which was later confirmed by Huckel (2),
Zelinsky (3) and others (4). Fecht (5) produced, in 1907, spiro-
(3,3)=heptane-2,6-dicarboxylic acid starting from pentaerythrityl

CN
/
2‘CH2-GO/ \GHZ“Cﬁz \2_n/c\cg\..cg’ ~2p H,COOR
N
I I III

#A note on nomenclature: There are two systems in popular
use for naming and numbering the spiranes., The approved system
now names them as spiro-(n,n')-alkanes, where n and n' are the
number of carbon satoms between the carbon common to the two rings.
The atoms are numbered clockwise, starting immediately to the right
of the spiro atom and giving the lowest possible number to the
spiro atam, An example, (IVa) is spiro=(2,3)~hexan«5-ocne~l-carboxylic
acid,

The older system is still used in some cases; the compound is
nemed as the spiro derivative of a cyclic system, That is, (IVDb)
would be called cyclopropane~l-spirocyclobutane~3!~one~2«carboxylic
acid, In some cases it is easler to use the second type of nomene
clature, as for example, in naming a series of splranes based on
cyclopropane, (Continned, bottom of page 2.)
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tetrabromide and malonic ester., This compound was the subject
of considerable debate over the possibility of its existing in
optically active d= and l-forms as do the allenes, In the 1930's
Backer and Shurink (6), and Janson and Pope (7) succeeded in isoe
lating the optically active acids and several derivatives of higher
rotatory power, illustrating clear-cut cases of "molecular" asyme
metry causing optical activity, even in the absence of what would
ordingrily be considered an asymmetric carbon atom,

The English school under Ingold and Thorpe, in an effort to
correlate reactivity of glutaric acids with the angles assumed by
substituents in the (3 wposition, synthesized and tested the stabi-
lity of a series of spirane diearboxylic acids, They made 2,3«
dicarboxycyclopropane=l-spirocyclopentane (8), (9), =spirocyclow
hexane (10), (11), -spirocycloheptane (12), (0ld nomenclature),
and some others, mostly by means of the sodio derivatives of the
Guareshi imides (II) with iodine, or by dehydrobromination of the

cycloalkane-leacetic, le < «bromoascetic esters (III),

Dispiranes are named according to the first system above,
Diapiro—(3,1,3,1)~decane is V

OH~GOOH GHnCGQH /FH
0—33::/ 2\01 4@ ay | / 2\c
ﬁﬁz i, R, A, oy

IVa IVb v
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The unsubstituted hydrocarbons have proved to be considerably
more diffieult to make and only the ones listed below had been ree
ported previous to the time of this investigation,
VI Cyclopropane-spirocyclopropane (13), (14)
VII Cyclopropane-spirocyclohexane (15)
VIII Cyclopentaneespirocyclopentane (3),(16)
I¥ Cyclopentane=spirocyclohexane (17),(18),(19)
X  Cyclohexane=spirocyclohexane (20)
No authentic dispirane hydrocarbons have been reported,
The simplest member of the spirane series, spiro-(2,2)=pentane
(VI), is easily accessible in a direct manner from a readily available
starting material, By treatment of pentaerythrityl tetrabromide
with zinc in acetamide with sodium iodidewsodium carbonate catalyst
(Hase=McBee procedure), yields of the spirane as high as 60% (21)
have been reported, Zelinsky (22) had claimed the preparation of
the compound as early as 1913, from ~[><Cﬂ2Br with zinc in
CHQBr
agueous ethanol, but his compound reacted vigorously with bromine
at 25°; the authentic material does not. He probably had methylene
cyclobutane, from a Whitmore~type rearrangement of the intermediate
carbonium ion. This type of rearrangement is known to ocecur in the
reaction of pentaerythrityl tetrabromide with zine in aqueous alcohol.
The presence of spiropentane in the mixture of hydroecarbons from the
reaction was first deduced by Murray and Stevenson (14) from Raman

spectra studies, Its structure was confirmed by electron diffraction

studies in these laboratories. (23).
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The API group (15) at the Ohio State University, in preparing
a series of cyclic hydrocarbons, made spiro-(2,5)-octane (VII) by
essentially the same procedure, using 1,l-dibromomethyleyclohexane
as starting material, Presumably the method can be extended to
other cyclopropane~containing spiranes,

| ] l _ <°ﬂz~°ﬁz\ .
CH ﬁz

¥I ViI
Much more devious procedures have been used in preparing
the other rez;orted spirane hydrocarbons, Chatterjee (16) has
claimed the preparation of two cyclopentane spiranes by the fol=

lowing scheme, which, in theory, can be used to make others,
gn

‘ an ,
- I ¥ CN
+ ©H,(COCEL), . Cl 00Et: -
| ><cn 2 255 e i s GHCHCH
COOEL
f-CoGEY
€0, ., [EtOH  Na-GeH, I x =G0, ,
\ S !
COOE% ool

s (] [

As can be easily understood from the scheme, the yields overall

are minute and the method will remain a lsboratory curiosity

The same can be said for another method which is of interest
as a general method for the preparation of n, n + l=spiranes (VIII),
The pinacol réduction products of the cyclic ketones can be cbe
tained (in yield of 1=-5%) by the action of magnesium or aluminum
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amalgams (17), (24)s (25)s Such a pinacol can then be rearranged
by 50% sulfuric ecid to the corresponding pinacoloney an unsyme
netriecal spiranoney which eany in turn, be reduced by the Wolffs

Kishner or the Clemmensen technique tc the corresponding spirane.

< N\ Ui
6., ) 1.0
‘“32_)9/% + Mg-Hg—— (ng_)’/é-@ﬁz)n——“ga—;

OH
o w\/\ TN N
) X G, —— S G
Viii

It is of interest that an example of the same type of spiranone
{n = 4) has been produced (in much better yield) by the rearrangement
of 5y10«dihydroxy decalin or of octalin oxide under various conditions
by Haekel (2) and by Clemo {l;.)-. This type of rearrangement, from & bie
eyelic to a spiroeyclic system, is reversible under dehydrogenating
conditions, and the spiron(!;,s)'-decane and -decanone yield naphthalene
at temperatures of 2’75~BOG° in the presence of platimmecharcoal or
selenium catalysts, respectively (18), (19).

e QO
C¥) QCELDC%@

The first of the simple spirane hydrocarbons to be prepared was

reported by Norrds (20) in 1926, end its preparations shown below,
well 11lustrates the difficulties that were overcome in the early
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work in this field, The yilelds were small. Obviously a bebtter procedure
is needed for the reduction of the cyelie {3 =diketones that are often

intermediates in these syntheses.

0
HalEY -C0 FC1
(- GoocH, , OHf000E+), — 3 ( e

CO0B%
o O
Iy = e (om0
~Ce -

Since the start of this research; four spiranes not previously

reported have been synthesized in this laboratory under the direction
of Dr. E. R, Buchman, Dr. G. I. Fujimoto has made spiro(3,3)heptane
by the conversion of spiro(3,3)-heptane«2,b-dicarboxylic acid to the
eorresponding dibromide and reduction to the hydrocarbon. He has
also made spiro«(3,5)-nonemone by the reaction of pentamethylene
ketene with diazomethane. This reaction gives the two isomeric ketones,
spiro=(3,5)-nonanone~l and -nonanone~2, and these may be reduced to
the hydrocarbon, spiro-(3,5)-nonane, by the Wolff-Kishner technique.
Simmltaneously, D. H, Deutsch made spivow(3,5)-nonane by the
reaction of l,l«dibromomethylecyclohexane with malonic ester, fol-
loved by decarboxylation, conversion to the 2-bromospiro-(3,5)-
nonane, and reduction to the hydrocarbon, which proved to be identical
with that prepared by Fulimoto.
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Dr,Harry Walborsky was able to produce two dispiranes, die
spiro=(3,1,3,1)=decane (V) and dispiro(5,1,5,1)=tetradecane by a
nethod described later, which involves dimerization of the mono=
cyclic ketenes, The resulling diketones were reduced by Raney
nickel desulfurization of the thiocketals., Dr, Hershel Herzog has
also been able to reduce dispiro=-(3,1,3,1)=decane~5,10-dione to the
hydrocarbon (V) by the Ruzicka and Goldberg (28) modification of
the Wolff-Kishner technique.

A complete description of the spiranes and substituted spiro=
carbon systems that have been reported is given in Flsevier's
Eneyclopedia (26), so only a list of the systems that have been syne
thesized previous to this research need be given here.

Cyclopropane spirocyclo~propane, =pentane, ~hexane, -heptane

Cyclobutane spirocyclo-butane, —pentasne, ~hexane

Cyclopentane spilrocyelo-pentane, ~hexane

Cyeclohexane spiroeyclo-hexane, -heptane

Cyeloheptane spirocyclowoctane,

o reliable reports of any polyspiresnes, with the possible exception

of (IX), have been reported.

/CHZ‘GH (31‘12(3121¥ H -—CH2\L

CH, H
\ca ..co/ \ co” \CHZ-GH/ 2

X
The spiranes so far mentioned have been investigated with
respect to their interesting optical properties, their Raman spectra

and electron diffraction patterns, the stability of their acids,
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and their rearrangements into aromatic systems, Iowever, they have
much greater general interest than is represented by any one of the
gspecific studies that have been made., They present a very interest-
ing problem in pure synthetic chemistry, since very little is known
about the orientation and entropy relationships that are involved
in the closure of a second ring, and about the energy of that ring
once formed as evidenced by its stablility towards reagents, It is
especially interesting in the chemistry of spiranes containing
three and four carbon rings, where strain factors are important,
to gather information as to the reactions that can be employed, since
in this way valusble 1light can be shed on the mechanisms involved,
The chemical properties of the hydroecarbons and their
functional derivatives need to be studied further, The spirane
agystem, involving, as it does, atoms that are tied rigidly into
definite spatial relationships that can be relatively easily deter-
mined, presents an ideal system for the study of certain types of
reaction, just as the bridgehead syvstems have been put to good use
in the study of reactions involving displacements and rearrangements,
The rigidity and linearity of the molecules, especially in
the polyspirobutane series, ought to lead to unusual physical propere
ties as well., The speciras « infra-red and Ramen- ought to show very
characteristic features due to the elimination of certain modes of
vibrations involving rotetion and carboneesrbon bending, The mole
cules should have restricted forms of internal vibrations, since

the position or motion of any carbon atom at any time is determined
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and limited to an unusual extent by its rigid connections to all the
others, On the intermolecular scale, the motion of the molecules
will be restricted in some ways by the ease of approach and the ree
sultant closeness of other molecules, and in some ways inecreased
by the lack of tangling of freely rotating side chains, The vige
cosity~temperature relationships should be quite unusual, especially
in the case of the longer polyspiranes now being prepared. The
boiling points of the hydrocarbons may be ancmalous and the melting
points and densities should certainly be high due to the extreme
symmetry and the ease of fitting btogether of the molecules. Ispecie
ally the crystals of the higher members should be easily formed and
have very interesting packing patterns,
General Methods of Synthesis

Seme general methods of synthesis of monospirsnes (that is,
two joined rings) have been suggested in the historical deseription
above, It is of interest, however, to have methods that can be
used for extending the chain of rings beyond just two. The interest-
ing properties of the twoering spiranes oughlt to be accentuated in
the higher members. It is the purpose of this research to find a
method that will enable the chain to be extended indefinitely.

In the preparation of ecyclobutane spiranes two general
methods have proved of considerable value. Briefly, they are: (1)
condensation of sodiomalonic esters with substituted trimethylene
halides; and (2) dimerization of ketenes., In the study of method (1),

the preparation of the starting materisls, the finding of the optimum
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condition for ring formation, and the conversion of the products
into starting materials for the next step have made up the three
phages of the present work,

The second method will be considered first briefly, since
it is not the author's work and will be reported at length else=
vhere (29). The scheme is shown below applied to the problem of

building up polyspirene 'moleculese

gt S0C1, NEt
atozc~><a§coga' + KO —y , — R'OC <R>GOGH —2 —2

R10,0- (B DsC=0 —>R'0,0 X X(R> Cop! e 0,6 (AR > 60,8

The sterting material can be a eycloalkane diecarboxylic acid die
ester (if it is available) in vhich case{Rycan represent cyclow
butane, cyclohexane, ete, Or it may ltself be a spirane diaecid,
such as Fecht's spiroe(3,3)eheptane«2,6-dicarboxylic acid, At this

date three cases have been studied (see above).

1. Q—-coaz _ s

2. {__y—oom — XX
3. R0~ > > com ~—__ana,‘,c<><><.><><>cmga

The reduction step is the critical one. A Raney nickel desulfuri-

zation of an intermediate thioketal has been successful in cases (1)
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and (2), and in case (1) the Wolff-Kishner method is known to be
applicable, The synthesis of eleven and twenty-three Ping =containe
ing spiranes will be attempted by Dr, Buchman's group. Not all
members of the series are available by this method., Only the three,
seven, fifteen, ete,, ring spiranes would be obtainable from eyclo-
alkane diacids; only five, eleven, twenty-three, ete, ring spiranes
from an initial monospirane diacid,

The second method is completely general. It can be outlined

as followss

H.X COCR » CHL, 0
- NaOR ‘ LiAIH
X g~ 5 XX gy 288 KX

X _ NaOR CodR
_%><><‘§22X + O, (cooR), —=—> Neong

If the sbtarting méterial is trimethylene bromide, the reactions will
result in adding one cyclobutane ring at a time, If the starting
material is pentaerythrityl tetrabronide, two cyclobutane rings will
be added each time,

In both methods the final step to a parent hydrocarbon is the
replacement of the carboxyl groups by hydrogen. This can be carried
out by the degradation of the silver salt of the acid with bromine
to give the alkyl bromide, which can in turn be reduced by hydrogen
at atmospheric pressure using Raney nickel catalyst in the presence

of sodium methylate in methanol,
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In the process of this research we have successfully made
1,1=dimethyleyclobutane from 1,l-dicarbethoxyeyclobutane by
lithium aluminum hydride reduction, and have converted this glycol
to the ditosylate, which was then reacted with nalonic ester to give
the diester of spirow(3,3)-heptane-2,2-dicarboxylic acid, The di-
acid was readily decarboxylated to the moncacid, which was, by
use of the Hunsdiecker technique, converted to the bramide, The
hydrocarbon was obtained from the bromide by catalytic hydrogena-
tion at atmospheric pressure, in alkaline solution, The physical
propertles , ineluding the infré—red spectrun,of the hydrocarbon
were determined, and were found to be practically identical with
those of the spiroe-(3,3)~-heptane prepared from the Fecht acid by
Dr, Fujimoto. The overall yield from trimethylene bromide was only
2.3%, with the quantities used, but the yield of <::><::>(000Et)2
from <::>>(COQEt)2 was 28.5%, That is, one cyclobutane ring can be
added to a spirane chain by this method with an expected yield of

28, 5%,

Experimental Observations
The preparation of 1,l-dicarbethoxyecyclobutane has been dee

seribed many times, most recently and with the best yields (60%)

by Cason (30). In addition to the standard preparation from trie
methylene bromide, the condensation using trimethylene tosylate and
sodiomalonic ester was tried in a single run, The reaction was
more sluggish than with bromide, but the yield was fair (25% as

compared with 35«37% from the bromide under the ususl conditions),



The glycol, l,l-dimethyloleyclobutane, has been reported
only once previously (31), made by a Bouveault-Blanc reduction of
the 1l,l=diester, from which it was & minor product (10%4) with
methyloleyelobutane the prineipal product. Lithium aluminum
hydride reduction of the 1,l-diester gave 81% of the desired glycol.
The product is extremely soluble in water and very hygroscopie,
however it could be extracted with ether from a concentrated salt
solution made by adding sodium chloride to the sulfuric acid sclue
" tion obtained in the working up of the lithium aluminum hydride
reduction product, The glycol, as cbtained under ordinary condie
tions, is a viscous liguid, which can be purifed to yield a low=
melting solid., The ditosylate of this is easily made by reaction
at 0° of tosyl chloride and the glyeol in pyridine, It is g white
erystalline material, obtainable in 94% yield from the glyeol,

Several efforts were made to obtain the l,;l-dibromomethyle
cyelobutane, but with no success, Although successful reaction
of 2,2-dimethylolpropane (32)(,.1 %,l«dimethylolcyelopropane (22)
and l,ladimethylelcyclohexane;é;th phosphorus tribromide have been
reported, all efforts to carry out this reaction, or the corresponde
ing one with thionyl bromide resulted only in tarry masses, Ree
action with 60% hydrogen bromide in a sealed tube at 25° using
acetic acid as solvent led to a dark-blue material which lost
hydeogen bromide spontaneously and gave rise to a monobromide of
uncertain constitution. 4 pierate made from the reaction product
of this monobromide and trimethylamine (a very slow reaction) gave

analytical figures in agreement with the composition 015H23H497,
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which possibly indicates rearrangement to a compound of structure

@)y

H,=CH
T 27 o= cmr
CH _=CH
2 2
X
The exchange reaction of sodium bromide with the glycol ditosylate

was tried in diethylene glycol and in diethylene glycol dimethyl
ether, but only decompositlion resulted., Evidently the resultant
dibromide, if formed at all, is unstable, It is interesting to
note that 1l,l-dimethylolecyclohexane ditosylate undergcoes the exe
change readily (29). However, several examples of rearrangements
of cyelobutyl earbinols under acid conditions have been reported
(33), (34).

Since the dibromide was not available, the condensation of
the ditosylate with sodiomalonic esters was sttempted, (Braber,
Pribyl and Lott (35) have reported the successful formation of die
subsbituted malonates from the tosylate of eyclobutyl earbinol
and substituted malonic esters in 18-87% ylelds,) The reaction
was successful in this case also, giving 34%(with diethyl malonate)
and 38%(with di-isoamyl malonate) of somewhat impure spiro-(3,3)-
heptanew2,2-dicarboxylic acid esters,

The impure diester was saponified and gave 53% of pure
erystalline diacid, The diaeid was decarboxylated by heating to
200° and gave a 95% yield of liquid monoacid. The silver salt of
this monoacid, after drying thoroughly, was rescted with bromine
in carbon tetrachloride at 10°, under which conditions decarboxylation

took place slowly to give 2~bromospiro-(3,3)-heptane.
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Fig, l.- Tnfrared absorption of spiro(3,3)-heptane. Uprer curve, .03 mm. layer;

lower curve, .l mm, layer,
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The moncbronide, by use of a eatalytic hydrogenation method
deseribed by Prelog and Selwerth (36) to reduce 1,3-dibromoadamantane
4o the hydrocarbon, took up 90% of the theoreticdl amount of hydrogen and
gave rise 0 a 574 yiold of the spirane hydrocarbon. The infra-red
absorption of .03 and .1 mm, layers of the material in sinilar cells

are shown in Figure 1.

Experimental Procedures,¥
1s1-Dicarbethoxyeyelobutane:

I. (37) Sodium (176 pey 7.6 moles) wes dissolved in 3 1, of
sbsolute ethanol in a fivewllter, thresenseked flask fitted with a
“rubore, ™ half-moon stirver and two reflux condensers topped by caleiun
chloride drying tubes. Eli Iilly and Co. diethyl malonate {607 ge,

3.8 moles) wes poured in and the mixture stirred for a few minutes,

To the warn (50-60°) solutlon was added through a dropring fumnel which
had been put in place of one of the condensers, 768 g. (3.8 moles) of
Eagtman Fodak Co. vhite lgbsl trimetlyslene Lromide, over sbout a ten
mimte period. The reaction mixture warmed to aboutb 75". The flask was
heated on the stesm bath about two hours, with stirring. Sodium bromide
precipitated after about two to three mimies, The condenser is replaced
with a takeoff head and ethanol was stripped off at about 100 mm, pres-
sure. When ethanol had practically ceased to come off, heating was dise
conbinued and the mixture was cooled. The insoluble organie layer was
vashed once with water in a separatory funnel, and the water washed once

M W GE e e e oM s WS OE WA W WY TH ©A M N AR VS W el WE A WW PR BE @5 WD e W R s ey s @ e W

*Analyses by Dr. A. BElek, los Angeles. Unless otherwise noted,
melting points are uncorrected.
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with ether. The organic layers were combined and déried with caleium
ghlovide, The ether vas siripped off and the product wss distilled.
Sepe dibromide was recoversd {ca. 20 g.)y some diethyl malonate
{ca. ;0 ge)y and the desired product was collested at 64«‘?6“ ab Le5 mme
The yleld was 32&8‘%, e8e 250w70 ey 1%5 1_.432. If the recovered eth-
anols malonate and dibromide are used in a subsequent run the yleld ean
be reised about 57

II. Sodium (#.6 Zey 0.2 mole) was dissolved in 100 ml. of
absolute ethanoly then, while the solutlon was refluxed, 16 g. (0.1
mole) of diethyl malonete and 38.4 g« (0.1 mole) of trimetbrlene tosylate
(38)s mepe 92-3%mixed with 100 ml. of absclute ethanol, were sdded through
the condenser. After addition, refluxing was contimued for four hours,
The contents of the flask were cooled to 10° and filtered., The sodium
tosylate, after washing once with cold ethsnol, welgbed 37.5 2.5 calcue
lated 3848 ge.; this salt was completely soluble in cold water, il.e., no
unreacted tosylate, From the filtrate, ethanol was removed through a
12" Vigreux column at atmospherie pressure. The residue was transe
ferred to a Claisen flask and distilled through 2" of glass helices.
There was obtained 7.8 g. of diethyl malonate, and 5 g. (257) of product,
bape 67-8%/2 miey 0 1.431.

ITT. (39)e Sodium (23 ge.s 1.0 mole) was dissolved in 250 ml.
of sbsolute ethanol, 160 g. (1.0 mole) of diethyl malonate was next
added and then finally 157.5 g (1.0 mole) of trimethylene chlorcbro=
nidey bape 140-2°/760 mme, wes added over a period of ten mimites at
15-20° with cooling., The flask was slowly heated to 70° over a period
of two hours and maintsined at 70° for two additlional hours. 4 solubtion
of 23 go (1.0 mole)of sodium in 325 ml. of sbsolute ethenol was then



added, using suction, through the dropping fumnnel, The flaskecontents
were heated to reflux and maintalned at this temperature for four
hours. The mixture was worked up as in I; yield 94 g. (47%), n§51.4325.
1,1-Dimethyloleyelobutane (ef. 40):

1,1=Dicarbethoxyeyclebutane, (100 g., 0.5 mole), b.p. 67-8°/1.5 mm,,
n§5 1.4320, vas dissolved in 100 ml. of dry ether (dried over sodium),
and dropped into a solution of 22,8 g. (0.6 mole) of lithium aluminum
nydride (Metal Hydrides Corp.) powder in dry ether (600 ml.), in a
twowliter, three-necked flask equipped with a "tru-bore" half-moon
stirrer and a reflux condenser topped with a calcium chloride tube
and a dropping funnel, Addition was at such s rate that a slov ree
flux of ether was maintained even with good stirring and exbternal
ice-water cooling, About one hour sufficed for the addition., The
reaction was very vigorous, especially initially, After the eddition
was completed the reacticon mixture was gllowed to warm to room tempere
ature and ves stirred for aboubt fortyefive mirvtes, Then water
(ebout 20 ml,) was added cautiously through the drepping fumrel,
with external ccoling. Then enough 25% sulfuric acid was added to
make the solution acid to congo red paver, again with cooling, There
vas a voluminous precipitate of lithium and aluminum basic sulfates,
About 50 g. of sodium chloride was added and the mixture stirred to
dissolve as much as possible. The ether was then siphoned off,
500 ml, more sdded and this procedure was repeated twice, giving a
total volume of ahout two liters of ether., The ether solution was

stripped of solvent on the steam bath and the viscous residue was
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put into a Clalsen flask and distilled, Water was taken off up to
50°/1 mm,; then some traces of unchanged ester came off at about
60°/1 mm.; and product vas taken off at 80°-2°/1 mm, The yield was
81.9%, gés 1.4781, m.p. 32,5=33,5° (corr,), after recrystallization
from isopropyl ether at o°.

Anal., Caled, for 06316023 C, 62,023 M, 10.43. Found:

C, 61.,91; H, 10.43.

An alternative procedure for working up the lithiuwm aluminum
hydride reduction product was to bring the salt solution aifter the
initial addition of water to pi 4 with hydrochloric acid and then to
evaporate to dryness with g stream of air on the steam bath, The ree
sultant moist salts were extracted with boiling ethanol two or three
times, The combined extracts were then distilled as above, The

yield was approximately the sane,

Ditosylate of 1,1-Dimethylolevelobutane:
1,1-Dimethyloleyclobutane (116 g., 0.1 mole) was dissolved in

70 ml, of Merck reagent pyridine and the solution was cooled to 0°

in a large-mouthed Erlenmeyer flask. Recrystallized p-toluenesulfonyl
chloride (45.5 g., 0+22 mole), (Fastman Kodak Co. white label, re=
erystallized from ligroin, discarding insoluble material) was added
portionwise over about one~half hour with stirring, Pyridine hydroe
chloride precipitated alter about five to ten minutes. The mixture
was allowed to stir and warm to room temperature overnight, Ten
milliliters of water was added to destroy any excess sulfonyl chloride

and the mixture was allowed to stir for one-half hour, Finally it



«19=-
was poured into 500 ml. of cold water; after a few minutes the
.§¥°duct erystallized out, It was filtered off and dried, yield
39 3, (94%), m.p. 82-92°, This material was recrystallized from
_50;95% ethanol giving an 85% recovery of pure ditosylate, m.p. 92-3°,
Anal, Caled, for C2OH2496823 C, 56,60 ;3 H, 5.66 o Founds
¢, 56,75 H, 5.76.

LsleDibromomethylevelobutane:

I, 1,l-Dimethyloleyclobutane was mixed at 0°, according to
Whitmore (32), with phosphorus tribromide., At this temperature no
reaction occurred. OUn heating to 10--15o an explosive reaction took
place and insoluble tar was produced, An attempht was made to carry
out this reaction at 60°, and again only insoluble tars were found,

I, 1,l-Dimethyloleyclobutane (11.6 g., 0.1 mole), 41.6 g.
(0.2 mole) of thionyl bromide and 100 ml. of pyridine were mixed and
the resultant product ailowed to stand overnight at room temperature,
After removal of the remaining thionyl bromide at 560, only a dark
brown, totally insoluble polymeric %tar was left.

IiI, Sodium bromide (10 g., 0,08 mole) was suspended in re=
distilled HEastman Kodak Co, white label Aiethylens glycol und the
suspension heated to 135-1400. Ditosylate of l,le«limethylolcyclo=
butane (16.9 g« 0,04 mole) was added portionwise. The mixture turned
black after about ten minutes; heating was continued for three to
four hours, The product was poursd into water and extracted with
carbon tetrachloride., The extract, after removal of solvent was

digtilled in vacuo yielding a fraction, b.p. ca. 400/75 mn, ,
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dgﬁ 1,20, n§5 l.44e Obviously this material is too low~boiling and
%ig low in molecular refraction to be the desired dibromide; it may
be a rearranged product of dehydrobromination, (See below, IV).
When this reaction was tried at lower temperatures, unchanged
tosylate was recovered, It was also tried in diethyl carbitol
(decomposition of the solvent occurred using diethylene glycol) bub
~without success.
IV, An approximately 60% hydrobromic acid solution, obtained

- by saturating 100 ml., of water at =52 with gaseous hydrogen bromide,
was placed in a relatively thin-~walled pyrex ampule, There was

added 11,6 g. (0.1 mole) of glycol and, after sealing the ampule was
allowed o rise slowly to room tenperature, After about one hour a
sacond phase had developed, which reached its maximum volume in about
twenty-fowr hours, At the ond of this time, this olly topelayer was
brown in colorpy after forty--sight hours it vas blue-black., The
smpule was cooled and opened and the contents extracted with carbon

- totrachloride. The extract was washed with biesrbonste solution and
with water and the still deeply colored solubion was drised with mage
negium sulfute., The solution epparently loses hydrogen bromide
spontaneously; 1t was distilled taking off solvent at atmopheriec pres-
sure, The material collected at 83-6° at 10 mm, veighed 10 g. (41%);
a second fraction which later solidified, b.p. 95-105°/1 rm., vas
also obbained, The above 10 g. fraction lost hydrogen bromide spone
taneously on standing and was partially converted to a dark tar. On
redistillation after two months an apparently homogeneous monobromide,

3435 245 bepe 39-410/1 mm., was obtained. Based on the slow reaction
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of Ehia material with trimethylamine, and an analysis of a picrate,
Q,p, 132.30, formed from the product of this reaction, (Caled. for
015320H497= C, 48.8; H, 5.46. Founds C, 49.03 H, 5,38) it was
ggsumed to be a vinyl bromide formed by rearrangement, possibly to

i;urdmgf.lmbromomethylcyclopentane, with subsequent loss of hydrogen
bﬁamide.

After dissolving 68 ge (3.0 moles) of sodium in two liters of
isoeamyl alcohol (redistilled Bastman Kodak Co. practical grade)
in g fivewliter, three-necked-flask fitted with a "tru-bore" half-
moon shirrer and a total-reflux, variable-takeoff condenser, 232 g.
(1.45 moles) of Eli Lilly end Co, diethyl malonate was added, The
flask and contenis were heated, taking off ethanol for about two
hours at a slow rate, until the temperature at the head resched
l30°; the total amount tuken off was aboub 300 ml., Hext taere was
added 526 g. (1.25 uoles) of ditosylate of 1,l-dimetlyloleyclobutane
through a third neck while the malonuate solution wes meintained at
about 100°, The mixture was refluxed with stirring for forty=two
hours, then cooled and filtered {o separate the sodium tosylate
precipitate. The filtrate wvas stripped of iso-asumyl alcohol on the
stean bath at 20 mm. down to a total volume of about 400~500 ml, and
ﬁhe residue was cooled and washed with water. The wash water was
extracted once with ebher and the extract added to the organic phase
and the ether solution was dried with magnesium sulfate. On distile
lation, alcohol, otc. ceme off up to 110°/15 mm., then about 70 g.

of recovered malonate, ete. up to 1100/1 mme A& good middle cut of
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di-isosmyl spiro-(3,3)-heptane«2,2-dicarboxylate was taken at
123-5%/1 m., 153 go (37.6%), n5° 14770, &2 0,980,

Anal. Caled, for 01933204! C, 70,313 H, 9.95. Founds
G, 70.043 H, 10.30.

This presumably pure material turned out, upon saponification,
0o be contaminated with some ester or lactone of undetermined consti-
“ tutian.. However, yields reported of the diacid and of the moncacid

are based upon assumption of 100% purity for this material,

Potassium hydroxide (56,0 g., 1.0 mole) was dizsolved in 500 ml.
of gbsolute ethanol, The solution was placed in a besker, cooled to
about 50-60° and 81 g (0.25 mole) of the di-iscamyl ester was poured
in with stirring, About thirty seconds after the addition was come
pleted the mixture set to a semi-solid mass, which was then hegted
in the steambath for forty-five minutes., The reaction mixture was
cooled, filtered and the di-potassium salt was washed once with
about 500 ml. of absolute ethanol to remove any residual potassium
hydroxide and also iscamyl aleohol, The salt was then dissolved
in a minimum emount of water, and hydrochlorie acid, dilubted with
enough water to dissolve all of the potassium chloride formed, ums
added with cooling. The solid diacid precipitated and was recrystallized
from hot water. The yleld, after reerystallization, was 26.5 g. (57.6%),
m.p. 200-2° (dec.), The diacid erystallized from hot water in pure

white siggurateshaped crystal agglomerations, pyranids of square
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blocks of decreasing size with & square hole in the center of each,
except for the top block, which is solid,

Anal, Caled, for %51204: G, 58.693 H, 6.49. Founds
G, 58.69; H, 6.58,

The pebromophenacyl ester of this diacid was made by the rew
action of the sodium salt and pwbromophenseyl bromide in dilute
ethanol, It vas reerystallized from 70% ethanol, m.p. 140.5-141°
(corr,).

Aoal. Caled, for CpglnOgBra: ©, 52,105 H, 3.83. Founds
¢, 52.17; 5, 3.96.

An oily layer was noticed upon acidification of the solid
potassium salts, This was originally assumed %o be the monoacid,
resulting from partial decarboxylation, but subsequent study of its
reactions and physical properties proved it not to be, although it
has approximately the same boiling point and is aseldie. Its consti-

tution has not been determined,

> Aeid:

A 20.5 g. (0,11 mole) portion of the sbove dicarboxylic acid
was heated st 205° for fifteen minutes, until earbon dioxide evolue
tion had ceased., The product was digtilled at reduced pressure
through a one-inch helixepacked columnj there was collected l4.4 g.
(95% yield) of monoearboxylic acid, m.p. 22,75-23" (eorr.)s bep.
79.560.0°/1 mm., 1371.4657, 4} 1,042, U.R.* calculateds 37.25;
founds 37.22,
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Anals. Calede for 08}{12023 Gy 68052; Hy 8:640 Found s
Cs 68150§ ﬁ. 8.650
The anilide of this acid was made by heating the acid with ani-
line at 170° for two hourss m.pe. 125+6°.
Anal. Caleds. for 6143170E: Cy 78413 Iy 7,91s Found:
Gy 78.05; H, 7.86.

&-Bromospiro-(3s3)-heptangs (ef. 41)

Potessium hydroxide (6 gss 0.1l mole) in 30 ml. of water was
added to 13.25 ge (0.098 mole) of spiro=(3,3)=heptene~2-carboxylic
acid until a pH of 7 was reached. The resulting solution of potase
sium salt, diluted to 75 ml., was added slowly to a vigorously stirred
solution of 17 g« (0.1 mole) of reagent grgde silver nitrate in 200 ml.
of water. The white precipliate was centrifuged off, washed once
each with water, methancl, mcetones and ether and dried overnighk
at 25° gt the vacuum of a Cenco Hyvae pump. DBefore using the silver
salt, it was ground, put in the vessel in which it was to be used,
and dried in vacuo to constant weight. The yield was 24 g. (ca.
100%).

Herck resgent bromide, (16 ges Ol mole), which had been washed
with concentrated sulfuric acid and filtered through a filter bed of
phosphorus pentoxide, was dissolved in 150 ml. of dry carbon tetre-
chloride (dried by distillation end standing over "drierite") in
e 300 ml., three-necked, standard-tapered flask, equipped with
"{rubore” halfe-moon stirrery; and bulb-type reflux condenser. Before
turning on the water in the condenser, the solution was heated until

some of it boiled out of the top of the condenser, thus elimirating
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the last traces of water from the apparatus, The condenser was
fitted with a calcium chloride tube and a bubble-counter, and the
eooling-water was turned on, The 50 ml, round-bottomed flask contain-
ing the silver salt was now connected by means of a flexible rubber
tube to the third neck of the flask and the flask cooled to «20 to
«25%, The silver salt was slowly introduced into the reaction ves=
sel over a period of six hours, Carbon dioxide evolution was slow,
especially at first., When about 90% of the silver salt had been added,
the bromine color had been nearly discharged, so five grams extra of
bromine was added., At the end of addition the flask was allowed to
warm to 25° overnight, Some bromine color persisted. The silver
bromide was filtered off and washed once with carbon tetrachloride.
The filtrate was washed with 10% aqueous sodium bisulfite and with
10% aqueous sodium biecarbonate solution, and dried with magnesium
sulfate, Carbon tetrachloride was removed by distillation through a
sixeinch helixepacked column and the residue was distilled from a
Claisen flask with a one=inch helix column. There was obtained
7¢5 g+ (43%) of monobromide, b.pe. 594 5=6045°/14 mm., m.p. (macro),
=38 to ~36%, na’ 1.4935, 4, .34

Angl, Caled, for C7H11Br: C, 48,003 H, 6¢34 Founds C, 48.4;
H, 6,53,

Spiro-(3,3)-heptane: (ef, 36).

The solution prepared by dissolving 1.9 g. (0,08 mole) of clean
sodium in 25 ml, of special reagent grade methanol (distilled from
magnesium)in a 125 ml, centrifuge tube was cooled to OO, and there was

added 7 g. (0.04 mole) of spiroheptyl bromide and three grams of
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freshly prepared Raney nickel (Adkin's Weé) in three to four ml, of
methanol., The tube was connected to an atmospheric pressure hydrogenaw
tion apparatus and put in a shaker. Before shaking, the air space
above the reaction mixture was ovacuated and filled with hydrogen.
It wgs found that the reaction vessel became noticeably warm upon shake
ing, so occasionally during the first part of the reaction the shaker
was stopped and the vessel cooled with ice-water., The feuction tenpere
ature never exceeded 40°, In the first forty minutes 480 ml, of hy-
drogen were taken up (roughly 50% of theory) and a total of 840 ml,
(90.5%) in three hours and twenty minutes, by which time the uptake
had vractically ceased,

The catalyst was centrifuged off and washed with methanod,
The combined methanol solutions were distilled and a binary mixture of
methanol and the hydrocarbon, boiliang at 56.5—80, collected, The binary
separated into two phases and the bottom cily layer was removed with
a pipette., Upon addition to the other phase of twice its volume of
water, an oily phase came tc the top zud wus separated. The water
phase was extracted with alcoholefree ether and the combined oily
phases were dried with calcium chloride, The ether was taken off up
to 450 and nothing else came over up to 91.750. Ninety per=cent of the
distillate boiled in the range 93.5-93.75°/750 mm. and there was no
nigher boiling fraction. The yield was 2,12 grams, 57.3% of theory;
8’ 1.4331, di5 0.816; M.R.%> caleulated: 31.10; Found: 30.61.

(Compare these constants with those found for Fujimoto's spiro-(3,3)-

heptane, ng> 1.4323, ai5 0.797, M.R.>” found: 31.30.)
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The infra-red spectra of this compound and = that of Fujimoto
were measured and compared, They were found to be so similar that,
to avoid repetition, only the curve obtained with the sample dew
scribed here is illustrated, (Figure 1.)

Swmarys

1, Spiro=(3,3)~heptane has been made and a few of its physi=
cal properties determined, The synthesis was accomplished via
1,l«dicarbethoxycyclobutene, 1l,ledimethyloleyclobutane, and the new
compounds spirow=(3,3)=heptane=2,2«dicarboxylic acid, the correspond=
ing monocarbexylic acid and 2«bromospirow(3,3)~heptane,

2. Cyclobutane rings have been made by the reaction of itrie
methylene glycol tosylates and sodiomalonic esters.

3. A general method and an experimental teehnique for making

polyspiroecyelobutanes are deseribed,
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PART II

THE HUNSDIECKER DEGRADATION OF CARBOXYLIC ACIDS

The designation "Hunsdiecker degradation" has been given to
the reaction
RCOO- Ag + X, ——* RX+ AgK + oo,
where X represents halogen, usually bromine; the metal usually used
is silver., The reaction is more general than is sometimes recognized;

its usefulness is still being extended., It should be noted that the

above equation may be only a special case of the more general equation

RC00- Ag + XY —> RY + AgX + CO,.
The metal may be any of several of the alkali metals, siiver,
mercury or thallium (I). In the cases studied to date, X has been
a halogen ion carrying a positive charge, and Y a negative ion or
radical. Examples in addition to the halogens, are ICL (1) and
CI1CN (2), Research is also in progress in this laboratory on the
cases in which XY is NOC1l and Nozcl.

Variation in the Regroup nresents possibilities that have
not yet been investigated widely. The researches of Hunsdiecker,
Hunsdiecker and Vogt that led to their basic patent (3) in 1937
and the full report that followed in 1942 (4) constitute the only

general studies yet made. In these they deseribed the reaction of
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several types of substituted silver alkylearboxylates with bromine
and chlorine, It has been the purpose of this research to extend

our understanding of the reaction and to find in what ways it can

be appropriately used for the synthesis of various types of alkyl

bromides.

Following the report of Peligot in 1836 (5) that silver benzo-
ate, when treated with bromine, gives rise to meta-bromobenzoiec
acld, the esarly investigators expected that silver alkylearboxyle
ates would produce X ~bromoacids on similer treatment., Therefore,
when such a famous investigator as Kekulé (6), in 1861, was unsuce
cessful in brominating sucelnie acld by this technique, not much
attention was given to Borodine's (7) report in the seme year that
propyl bromide was obtained from silver butyrate and methyl bromide
from silver acetate, The following year Schutzenberger reported
that iodine monochloride with silver acetate gave silver iodide and
methyl chloride, tut the significance of the observation was not
grasped at that time,

It remained for Simonini (8), in the 1890's, to develop the
first workable technique for carrying out the reaction that is com=
monly referred to by his name, He discovered that in a considerable
number of cases iodine would resct with silver alkylearboxylates
to form quite stable complexes, which in turn could be relatively
easily decomposed, by heating to 100°, to give the alkyl alkyle
carboxylate, by a loss of one molecule of ¢arbon dioxide from



two moleeules of silver salt.

2R000Ag + I, —> RCOOR + 2Agl + CO,

The ester could be transformed by standard methods to yield some
of the starting acid, RCOOH, and the aleohol, ROH, which in turn
could be converted to the alkyl halide., This method provided a
fair conversion from & given acid to a product containing one less
carbon atom,

Birnbaum and Gaier (9) had attempted somewhat earlier to
carry out this type of degradation, but their interest was in di-
basic acids and since their technique involved rather exitreme cone
ditions, they isolated a miscellany of dehydration, decarboxyla=
tion and substitution products, Further studies of Birnbaum (10)
carried out at the time of Simonini's work, dealt with aromatie
acids, which, under the conditions used, underwent for the most
part substitubion in the aromatic ring.

The Simonimi reaction has been the subject of a consider-
able amownt of researeh and speculation (11), The initial product
of the reaction between a silver salt and 18dine at 80o or below
is an ether-soluble complex containing silver, lodine and acyloxy
radicals in varying proportions, In the simple case of lower
members of the aliphatic series the predominant species is (RCOO)QAgI.
There are other varieties of this type of intermedigte present also,
the amounts of which vary with the character of R and the temperature
(12, (13), If excess iodine be present, a silver-free complex is

formed, which has been described as (RCOO)BI. The species mentioned
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are isolable and are stable under anhydrous conditions for a cone
giderable period of time. They react with water, regenerating the
original acid. With excess of iodine at 80-120°, carbon dloxide
is lost and the prineipal produet is the alkyl iodide, although
some ester is always produced. On the other hand, the silver con-
taining complex is soluble in inert organic solvents and is ree
latively stable in solution up to about 80°. Above this temperature
decomposition gives rise to 50-70% of the ester, RCOOR, and usually
to some of the starting acid, Dibssic acids under these same cone
ditions (14) con give rise to lactones as a principal product,
with anhydride formation in some cases where steric facltors lessen
the 1likelihood of lactonigatlion,

It is interesting to note in this connection that in lactone
formation from dibasie acids with substitution on only one <A «carbon,
the carboxyl group is lost preferentially from the secondary carbon
atom, Windaus and Klanhardt (14) report that < =ethylglutaric
acid gives only Y -caprolactone, and not « -ethyle ¥ «butyrolactone,

The decomposition of the intermediate complex is evidently
almost completely a displacement reaction in the ordinary case,
Wieland and Fisher (12) decomposed the silver-iocdide-containing
complexes of types such as triphenylacetic acid, reasoning that the
intermediate triphenylmethyl radical, or triphenylacetoxy radical,
if such were produced, would either be visible or give rise to
characteristic reaction products., They could find no sign of free-
radical intermediates, triphenylmethyl triphenylacetate being pro=
duced in good yield, Similarly, Oldham and Ubbelohde (13) conducted

a seareh for free-radical dimerization products « i.e., R=-R and
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(RGOO)Q, but were able to isolate neither, Even though R* radi-
cals would probably have too short a life to meet another R' and
form the doubled hydrocarbon, it was demonstrated that the RCO0®
radicals under consideration were stable enough so that diacyl
peroxides should have been detectable if the reaction proceeded
according to a free-radical mechanism,

A large number of complex iodine-containing molecules, of
structure related to the Simonini complexes, were investigated by
Birckenbach and coworkers (15), (16). They found that the reaction
AgY + I, —> Agl + IY (or IYB) was quite a general one, and
that compounds could be formed not only where Y = RCOO, but also
vhen Y= CNO, CN, IOS’ NOZ’ ete,, giving a varlety of interesting
reagents, Birckenbach's group and Prevost (17), (18), with his co=
workers, almost simultaneously, found that these iodine complexes,
in which iodine acts as a positive ion, would add to olefinic
double bonds very rapidly even at «80°, Birckenbach investigated
the addition to cyclohexene of the nonworganic type preponderantly
and his work will not be discussed further here. Prevost's re-
searches were devoted to those complexes containing acyloxy groups.
He found that in the presence of a minimm amount of the silver
iodide complex the addition to ethylenic bonds gave predominantly
the lodohydrin ester adduct, but with an excess of the complex the
lodine was displaced giving a glycol diester., This proved to be a
good method for the synthesis of othervwise difficultly accessible

glycols and their derivatives, such as 1,2«dihydroxybutene=3,



The discovery that iodine in these complexes acted like a
positive ion - that it would, for example, react with silver methyl-
acetylide to give the iodine-substitution product, leiodopropyne =
led Prevost to investigate the properties of the corresponding
derivatives containing the other halogens to see if they, too, cone
tained positive halogen, He found that they behaved in a very simie
lar way, but that they contained no silver, He formulated them as
RCOOBr and RCOOCL, a view which is generally accepted todsy. They,
too, add to olefins and reset with alkynes as do the iodine complexes,
but they are much more reactive and unstable, and decompose readily,
even at falrly low temperatures,

Bockemiller and Hoffmann (19) investigated the kinetics of the
decomposition of the compounds formed by the reaction between
silver alkylearboxylates and bromine or chlorine, Their major
thesis was that organic hypohalogenites play an important part in
many reactions, The addition of chlorine to allyl chloride in
acetic acid, for example, gives 1,2-dichloro-3wacetoxypropane, ace
cording to them, through an acyl hypochlorite intermediate. They
stated that these acyl hypohalogenites are more reactive than the
free halogens; a statement born out by the reastion of RCOOBr
with chloroform to give trichlorobromomethane, and by the reaction,
noted in this research, of eyelobutyryl hypobromite with the cyclo=
butane ring to give open-chain compounds although under similar
conditions free bromine will not cleave the ring,

Bockemtiller and his coworker carried out studies of consider-

able theoretical interest for the elucidation of the mechanism of
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the decomposition of the intermediate hypohalogenites, They dis=-
covered that the decomposition was of second or somewhat higher order
with respect to the concentration of the intermediate (filtered
free of silver bromide), and that it was exceedingly sensitive to
heat and light, They found also that the hypobromite could be de=
composed to give yields of the slkyl bromide as high as 80%. A
major side-reaction ig the case of compounds that can be easily
substituted with bromine is the reaction of the by-product hydrogen
bromide with either the silver salt or the intermediate, removing
it from the reaction sphere., He noted the decomposition of
Ci1 ,CO0Br at 0%, giving rise %o a 69% yield of methyl bromide. Silver
adipate was reacted to give tetramethylene bromide, and silver benzo-
ate gave 80% of the theorebtical yield of bromobenzene,

The definitive work on the synthetic uses of this reaction
was carried oult by Hunsdiecker, Hunsdiecker and Vogt simultaneously
with the work of Bockemiiller and Hoffmann, In a series of patents
(3), (20), (21), (22), and in an article in 1942 (4), the Hunsdiecker
group illustrate the application of the reaction to a variety of
compounds, with good yields reported in almost all of the cases,
A few representative types, with the products that were formed, are
listed belows

RCOOAg + Brs — RBr
RCHNH,CO0Ag —_— (RCHNH2Br) ——> RCHO
RCENH

,CH,0004g ——> RCHNH,CH Br
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RCHOHCOOAg —> (RCHOHBp) ——> RCHO
RCOCOOAg ——> RCOBy

aooc(caz)ncom —_— aem(cuz)nar, where 1 ) 3
RCHErGOOAg —> ROiBr,

aczmcncl(cxzz) (C00kg ——> RCHC1CHCL(CH,) 63»

They describe the use of carbon disulfide and carbon tetrachloride
as solvents, and the use of silver, mercury, thallous and potassium
salts of the acids, The silver salts were found to be the best,
decomposing at the lowest temperatures and giving the smallest
vield of ester byeproducts., It is unfortunate that most of this
material is reported only in patents; certain of the broader claims
can only be accepted after experimental details have been presented
in @ publication in a recognized journal,

There has been & great degl of discussion of the mechanism
of the Hunsdiscker degradation, and the controversy has not yet been
resolved, There is en impressive array of evidence in favor of a
scheme such as that recently proposed by Arcus, Campbell and Kenyon
(23), (24). |

RCOO=Br + R=C00=Br —> RC0O0™ + BrR+ Brt+ o0,
RCOO™ + Bp* ——>RCOOBr
and, in the case of free bromine being presents:
BreBr + ReCOOwBy —> Br™ +BrR + CO,+ Br™
Br™ + Brt ——Br,
Br* + RwCO0-By ——> BrR + G0, - Br™

One of the lines of evidence in favor of this is based on the resulis
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of the kinetics-study of Bockemuller (mentioned above), in which he
found an order of reaction higher than first, and a very high sensie
tivity to light and heat « greater than that of a first order ree
action, The second, and more conclusive, line im that of Arcus
and his coworkers, who have reported inversion of econfiguration of
optically active material in at least two cases. While other exe
perimenters have reported only racemization in such cases (25), (26),
no contradiction is entailed, since Kemyon's group found that bromine
in carbon tetrachloride in the presence of silver bromide would cause
racenization at a rapid rate. The lability of the carbone~carbon
bond in the presence of these reagents has also been reported by
Doering and Farber, (27), who found, attempting a Hunsdiecker degra=
dation of bieyelo(2,2,2)octane-2=-carboxylic acid, that their product
was 2-bromobicyclo(l,2,3)octane, Authentic 2-bromobicyclo(2,2,2)=
octane,under identical conditions, underwent the same rearrangement.
If the Kenyon scheme is the correct one, it represents, according
to the English authors, (23), the first case of an S;2 mechanism
that has been reported,

On the other hand, there is some evidence that is impossible
4o reconcile with a mechanism involving a Walden inversion. One
case of a Hunsdiecker degradation involving carboxyl groups located
on bridgehead carbons has been reported by reliable investigators.
Prelog and Seiwerth (28), degraded 1,3-dicarboxyadamantane to the
corresponding dibromide; in this case two bridgehead carbon atoms

participated. The structure of the final product was well established,
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Whether this resctlon proceeded through an icnic or a free radical
mechanism cannot be sald at this time, but it is not unlikely to
suppose that a Br’ ion can be formed (they are included in

Kenyon's scheme), and the bridgehead carbon, made highly negative

by hypereenjugation, ought tc eject the negative CO0 very readily.
That the €00 logss takes place at a highly substituted carbon atom
nore readily than at one not highly subgtituted is suggested by the
work of Windaus and Klénhardt (14) (see above) and also by the finde
ing of Cason and Wa§%that during the degradation of cyeclobutanes
carboxylice scid, loss of carben occurs at «25%, Inis work it

wvas also found that an «~bromeacid loses carbon dioxide more easily
than a @ =brovoageid. However, negative substituents, on the X -carbon
atom would increase the ease of decarboxylation by either mechanlsm,
so a definite conclusion cannot be reached from this. Price (30)
considers the degradation a free-radical regction, but his scheme
takes no geccount of the intermediate hypohalite, the exictence of which
is generally conceded by workers in the fleld, Furthermore, the work
of Wieland and Fisher (12), and Oldham and Ubbelohde {13),on the
iodine complexes cannot be ignored, The failure of these investi-
gators to find any of the products of free-radicsl reaction, and

the similar results of the workers experimentigiﬁzhe bromine conw
taining intermediates, indicates that, if other than a displacement
reaction is involved, it is probably an ionic dissociation into Brt
and RCOO™, with subsequent loss of carbon dioxide,

It is quite possible to conceive of two mechanisms that can
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operate, the bimolecular displacement predominating in the simple
ordinary case, and an ionic firsteorder reaction in the case of the
highly substituted tertiary carbons of adamasntane., Kinetic studies
on trimethylacetic acid would be very interesting in this light,

However, as in the case of many reactions in the field of
organic chemistry, the present interest in the Hunsdiecker degra-
dation lies to a great extent in its use as a synthetie method.

An idea of the scope of the reaction can be seen in the types of
carboxylic acids that have been degraded to alkyl halides by the
various workers, especlally by Wieland and Fisher and by the
Hunsdieckers,

Many examples of polyfunctional molecules, including such
varied types as aminoacids, hydroxyacids, ketoacids, esteracids,
dibasic acids, alicyclic acids, aromatic acids, and halogenwsubsti-
tuted acids have been reported as undergoing this degradation succesg
fully, The indications are from the work that has been done to date,
that almost any acid of even moderate stability towards halogen can
be decarboxylated using the appropriate technique and conditions,

This reaction has been of special value in a few cases where
the resultant product is difficult of access by conventiongl methods
(31), Also, in this work it was found that eyclobutane acids can
undergo this decarboxylation smoothly and with good ylelds, while
ordinary methods fail to yleld the same products with equal ease
because of the susceptibility of the four-ring to cleavage or
rearrangement, This degradation, using the refined techniques
that are described here and elsewhere, (29), seem further to be

fitted for use in the conversion of optically active acids, which
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are relatively easily resolved, to the corresponding active bro=
mides, which can themselves be directly resolved only with diffie
culty. On the preparative side again, the easily available diw
substituted malonic acids should, by means of this reaction, be
readily convertible to dibromides, which, in turn, are easily itranse
formed into the corresponding ketones in good ylields; ketones which
may not be as easily accessible by other means of aspproach. It is
important that a technique suited to the particular case be used;
otherwise misleading results may be obtained (26), (27).

The reaction may be varied also by the use of other than
simple halogens, as suggested sbove. The use of ICl has been
mentioned (1): cyanogen chloride has also been used (2) to give
silver chloride and the corresponding cyanide, While this latter
cese may seem to have little practical value, it is certainly of
considerable theoretical interest, The variety of pseudohalogens
made by the group working with Birckenbach (15), (16), (see above),
may prove to be desirable reagents leading to an interesting variety
of substituted organic molecules, An approach to this field is only

now being made,

of c
The original aim of this research was to find a practical
means for the conversion of cyeclobutanecarboxylic acids to the core
responding bromides, with the intention of converting these bromides,
in turn, into the hydrocarbons., Previous to the start of the work

deseribed below, no good routes to eyclobutane and cyclobutene had
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been described, Willsthtter's preparations, (32) (33), which were
still generally in use, were lengthy and tedious and resulted in
poor overall yields, Since the cyclobutane carboxylic acids are

the most easily available of the foure-ring derivatives, their degra=
dation to the bromides, and subsequent reduction of theze, seemed

to provide a good route to the hydrocarbons, if suitable conditions
could be worked out.

A rather extensive program of synthesis of spirane hydro-
carbons containing cyelcbutane rings is currently being undertaken
by Dr. B, R, Buehman and his collaborators at this Institute (34),
(see Part I of this thesis). Spiro(3,3)heptane-2~carboxylic acid,
spiro(3, 5)nonene~2-carboxylic acid and spiro(3,3)heptane=2,6«
dicarboxylic acid, vere synthesized by this group, and a general
method for the transformation of these and other polyspiranecarboxylic
acids to the corresponding hydrocarbons was needed,

The synthesis of other difficultly accessible cyclobutane
derivatives may be facllitated by the Hunsdiecker degradation also,
1,1-~Dibromocyclobutane should result from the degradation of 1,1=
dicarboxycyclobutane, a readily made material, and this dibromide
may serve as a source of cyclobutanone, through a hydrolysis such as
is desecribed below. Many projected schemes for the synthesis of
cyelobutadiene involve the degradation of cyelobutanepolyearhoxylie
acids, OSuch degradations, previously unknown, become feasible if a
satisfactory technique for the application of the Hunsdlecker dee

gradation can be worked out.
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The degradation of one of =bromoacid and of one 8,9-dichloro-
carboxylic acid is described by Hunsdiecker, but no technique that
is applicable in general to halogen-containing acids is described,
It was of interest to see if the acids containing halogen in the
Xy 3y, KA, and S, positions could be successfully converted to
the dihaloalkanes in reasonable yields, It was somewhat doubtful
whether or not this could be done, since the silver salts of some
of these acids are commonly described as unstable under the condie
tiong of the reaction as described by Hunsdiecker,

In the older literature, certain degradations involving two
carboxyl groups less than four carbon atoms apart has been described
as unsuccessful, (11), but there appears little justification for
accepting this result as final, The work of previous investi-
gators with malonic, (9), suecinic, (9), and gluterie, (12), (35),
acids was carried out by the Simonini technlque, in some cases under
very adverse conditions, A re~investigation seemed desirabls, Sube
stituted malonic acids offer attractive routes to meny different
types of compounds, and thus have great synthetic interest, Suce
cinic acids are of special interest too, since some of the common
degradative methods that might be suggested as leading tec ethylene
bromides are not usable. (For example, ethylene diamine, formed
by a Curtius degradation of suceinic acid, cannot be transformed to
ethylene bromide by the von Braun technique (36).) In the cyclow
butane series no conversion of l,2«dicarboxycyclcbutane 4o 1,2
dibreomocyclobutane was known, (Although nitrogyl chloride will
convert ethylene diamine to ethylene chloride, similar reagents cause

rearrangements in the four-ring series.)



b

Further, an extension of the degradation to polybasic acids seemed
of interest, both for the synthesis of polybromides of unambiguous
structure, and also to find a practical 1limit to the use of the
reaction.

Results

The silver salts of the halogenecontaining acids proved to
be quite unstable, as had been expected. The silver salts of <,

(> and § =bromoacids could be made successfully if the temperature
during their precipitation, drying and storage was kept below 100,
but the silver salt of ¥, § ~dibromovaleric acid proved to be un=
stable, even at 0% and could not be used, The reaction of the more
stable of the above salts with romine in refluxing carbon tetra-
chloride proved to give mostly lactones and polyesters, but reduction
of the reaction temperature to 0° gave reasonable yields of the dew
sired dlbromoalkanes,

The silver salits of ethylmalonie acid and succinie acid
undervent the Hunsdiecker degradation with a fair degree of success,
also., A side-reaction, the simultaneocus bromination of the o =carbon
atom of the malonic acid, geve, in addition, considerable quantie
ties of the tribrominated produet, (37), (38). Tricarboxybutane
gave & low yield of tribromlde; tetracarboxybutane gave no detectable
amount of tetrabromide,

It was found that cyclobutanecarboxyllic acids gave quite good
yields of the corresponding bremides (beth els and trans 1,2-dicarboxye
eyclobutene gave trans-l,2-dibromide) if the repetion wes carried out

at low temperatures, High temperatures led to cleavage of the foure
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ring on the side away from the substituents, giving straightechain
products, Extension of the low~temperature reasction to the spirane-
carboxylic acids gave bromides from which spiro(3,3)heptane and

spiro(3,5)nonane were made,

Experimentsl Findings

A ~Bromovaleric acid was converted to its silver salt by
mixing solutions of silver nitrate and of the ammonium salt of the
acid at 0°, The salt was dried at 0° and converted to 1,1-dibromow
butane (39), in 54% yield by reaction with bromine in carbon tetra=
chloride at 0%, When the reaction was attempted in refluxing carbon
tetrachloride, polyesters were the only product, The authentieity
of the dibromide was established by converting it to butyraldehyde
which was characteriged by the 2,/~dinitrophenylhydragzone., Similarly,
@ ~bromopropionic acid was transformed in 55% yield to ethylene
bromide by reaction of the silver salt with bromine at Oo. At 25°
silver (3 ~bromopropionate spontaneously went over to (3 «propio~
lactone (identified as the thioureide (40) derivative) and silver
bromide,

Allylacetic acid (41), was made in 44% overall yield by re-
acting allyl bromide with sodiomalonic ester and decarboxylating
the resultant allylmalonic ester, IHydrogen bromide was added in
the presence of perdxide to the allylacetic aeid to give S =bromo=
valeric acid (42), in 71% yield, The silver salt of this material
wag successfully made and dried at below 100, but on standing at
25° it decomposed, Bromine was added to allylacetic acid to give

¥ 5 & =dibromovaleric acid (43), in 59% yield, The silver salt
of this material, even though handled with care and kept below 5°
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at all times, spontaneously went over to silver bromide and a brom-
lactone, Evidently Hunsdiecker degradation of bromo=substituted
acids cannot be carried out under these conditions on the Y = and
possibly not on the $ =bromoacids,

In an effort to see if sllylacetic acid, the silver salt of
which was easily made and proved to be stable, could be transformed
in one steg;l,2,4ptribromobutane, the bromine degrsdation was carried
out with it. However, at the temperature used (75°) the only product
of the reaction was bromolactone,

Ethylsmalonic ester was converted to the dlsilver salt in
practically quantitative yield. The silver salt was itreated with
bromine at 0° and 28% of the theoretical amount of 1,l-dibromo-
propane was isolated from the reaction products., In addition, 25%
of 1,1,1l~tribromopropane was found to be present, caused by bromie
nation, presumably before decarboxylation, of the silver malonate,
The products were ldentified by hydrolyzing off the bromine atoms;
the first product gave proplonaldehyde (identified as the 2,4
dinitrophsnyihydrazone),the second gave propionic acid, It is
thought that much better yield of dibromoalkane would be obtained
from a disubstituted malonie aeid,

Succinie acid disilver salt was converted to ethylene bromide
in 37 yleld at 0° and at 60°. At 135° only polyesters were formed.
1,2, 4=Tricarvoxybutane (45), at 750, gave only small yields (ap=
proximately 4%) of the corresponding tribromide. Some bromolactones
vere also isolated, 1,2,3,4=Tetracarboxybutane, using the same

technique, gave no isolable amount of 1,2,3,/-tetrabromobutane,
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The 1y244=tricarboxybutane mentioned ebove was produced by a
nitric acid oxidation of levinylcyelohexene-3, donated for this re-
search by the Koppers Co. This reaction proceeded very smoothly,
giving yields (62%) comperable with those reported for a similar
permanganate oxzidation (48)y (70%), with much greater ease of handling.

Trimethylene bromide and sodiomelonic ester were reacted and the
product saponified and decarboxylated to give cyclobutanecarboxylic
acid in 29% overall yield (ef. 49). The acid was converted to the
silver salt in 987 vield, and this latter reacted with bromine at 10°
to give 467 of the theoretical amount of cyclobutyl bromide. Origi-
nally it was intended to convert the halide to cyclobutane by cataw-
lytic hydrogenation in alkaline solution at atmospheric pressure, but
the appearance of an article by Cason and Vay (29) reporting a similer
series of reactions leading from cyclobutane carboxylic acid to cyclo-
butane made unnecessary the carrying out of this last step.

Preliminary attempts to ecarry out the Hunsdilecker degradation on
silver cyclobutanecarboxylate gave rise to products other than those
expected (ef., 29). When a bromine solution was added to a suspension
of the silver salt at 250 the principal product (624 of theory) turned
out to be the ester, cyclobuityl cyclobutanecarboxylate, previously re-
ported by Demjanow and Dojarenko (50), as the result of a Simonini
degradation of the same acid. This ester was also prepared by the
reaction of cyclobutyl bromide with silver cyclobubaneccarboxylate and

the two samples were shoun to be identical,
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When the degradation was attempted at 75°, cleavage of the
four-ping took place and 1,2, ~tribromobutane (46), (47), was iso=
lated as the major product, in 65% yield, This material was idemtified
by comparison of its absorption in the infra-red with material made
from 1,2,4=tricarboxybutane (see sbove) and with authentic material
made by the method of Pariselle (47). In addition, the 1,2,/»tribromo-
butane was converted to allylscetic acid by carbonation of the Grignard
reagent produced by its reaction with magnesium (ef, von Bramn (51)); a
erystalline derivative of the allylacetic acid was compared with aue
thentic material,

The silver salts of the cis and trans cyclobutaneel,2-dicerboxylic
acide (prepared sccording to the method of Fuson and Kao (52), (ef. 53)),
were subnitted to treatment with bromine la carbon tetrachloride at
reflux temperature, and in each case the same dibromide was isolated,
in almost identical yield (40.6% from the cis acid; 39.4% from the
trans acid), The dibromide was shoum to have the trans configuration
by comparison with authentic trans dibromide obtained from the bromi-
nation of eyelobutene, The dibromide obtained via the Hunsdiecker
reaction also contained a small amount of 1, ~dibromobutens-2, In
order to purify the produet, the crude dibromide was dehalogenated with
gine in ethanol and the fractionated hydrocarbon rebrominated (recovery
66%). In an attempt to reduce the 1,2«dibromocyclobutane to eyelobutane,
a reduction in alkaline solution using Raney nickel catalyst and hy-
drogen at atmospheric pressure was carried out., However, only 50% of
the theory of hydrogen was absorbed, snd the volatile product contained
both eyclobutane and cyclobutene,

The Hunsdiecker degradation of spiro(3,3)heptane-Recartoxylie aeid
which gave 2-bromospiro(3,3)heptane in 46% yield is reported in Part One
of this Thesis.,
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Infra~red absorption of 1,2,/~tribromobutane from: (4) degradation and
ring cleavage of cyclobutane carboxylic acid, (B) 1,2-dibromo-/~hydroxy=-
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Experimental FProcedure®

Degradation of % ~bromovaleric acid to l,l-dibromobutanes (cf. (54)).
It was discovered in making salts of halogen-containing acids

that considerable care must be exercised to kegpt the salt from lace

tonizing; but, with care, the salts can in most cases be made suc-

cessfully. The temperature must at all times be kept below 10°,

even for the dry salt, and, of course, the use of excess base must

be avoided during the formation of the salt,

ol =-Bromovaleric acid (0,132 mole, 24.0 g.) Eastman Kodak Co, white
label, redistilled, was cooled to 0° and mixed with 50 ml, of ice~water,
Three normal ammonium hydroxide solution, also at 0°, vas added until
a pi of 7 was reached, The ammonium salt solution was poured in g
thin stream into an icewcold solution of silver nitrate, 22.4 g.

(0.132 mole), Goldsmith reagent grade, with good stirring, The re=
sultant precipitate was hurriedly transferred to pre-cooled centrifuge
tubes and centrifuged. It was washed with water, acetone and ether,
all of which solvents had been previously cooled to approximately 0°.
The residual ether was removed on the aspirator and the silver salt
dried at 0° overnight. This treatment gives a very fine powder, so that
it is unnecessary to do more than break up the large lumps, which fall
apart easily, The drying was done in the centrifuge bottle (250 ml.)
and in the subsequent reaction the salt was used directly from this
bottle, At no time did the temperature of the smmonium salt or the
silver salt exceed 10°, At 20° the lactonization reaction occurs

%#Unless otherwise noted ,melting points are unconrected,
Microanalyses reported are by Dr. A. Flek, Los Angeles,
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rapidly, with evolution of considerable heat, polyesters swre formed,
and the silver salt turns yellow, The yellow color and the lighte
sensitivity of the silver bromide formed are very characteristic
of decomposed materialy the organic silver salts when properly preew
pared are pure white and not very light sensitive,

Merck reagent bromine (17 g., 0.108 mole, dried by shaking
with concentrated sulfuric scld, separating and {iltering through
a bed of phosphorus nentoxide) was dissolved in 200 ml, of dry
reagent grade carbon tetrachloride (dried by distillation and stand-
ing over drierite) in a 300 ml, three-necked, standard-teperw-equipped
flask, fitted with a "trubere" half-moon stirrer and a bulb-type
reflux condenser, The sclution was boiled, with no eooling water
going through the condenser, until & few ml, had distilled out the
top, carrying out any remaining water from the apparatus, Then a
calcium chloride drying tube was fitted to the top of the condenser,
the heat removed and the cooling water turned on., The silver salt,
dried to constant weight (0.108 mole, 31.8 g.), wae attached to
the third neck of the reaction flask by means of & flexible rubber
coupling, The reaction vessel tas cooled to 0° and addition was
made, raising the vessel containing the silver sallt and shaking in
the salt in small portions with good stirring over a period of
about four hours,

At first reaction was very slow, but at the end of a one~half
hour induction period the reaction proceeded so that about one bubwe
ble of carbon dioxide per second was evolved, By the end of addition

the rate had increased to 5«10 bubbles per second, External cooling
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was necessary, and the silver salt being added needed also to be
chilled during this time, Al the end of addition the reaction was
alloved to stir for onewhalf hour at 0°, Then sodium bisulfite solu=
tion was added dropwise at 0° until the bromine color had disappeared.
The silver bromide was filtered off and washed with carben tetra-
chloride and the combined organic layers were washed with cold,
dilute sodium bicarbonate, solution,dried and distilled, 1,1,-Di-

bromobutane, 12044- e (5306%)’ bopo 90.5*920/3.% My ngs 104985’
25
d

n 1,800, was collected.

Anal, Caled, for GAHSBrza Cy 22,20 3 H, 3.71 . Found:
8, 22,21 3 B, 3.7 .

The identity of this material was established by refluxing
1.5 g, of it with 2.5 g, of silver acetate in 15 ml, of glacial
acetic acid for six hours, decomposing the diacetate thus formed by
boiling a few minutes with ten ml, of dilute hydrochlorie acid
(after filtering off the silver salts), and distilling the product,
About 0,25 g. of butyraldehyde was obtained, distilling as a binary
with water at 680, and this was converted to the 2,/~dinitrophenyle
hydrazone according to the procedure desceribed by McElvain (55),

m.p. 121-2° (wncorr.).

Degradation of (3 ~bromopropionic seid to sthylene bromide: (see
also bslow, degradation of guceinic acid)

The silver aalt was prepared exactly as described sbove,

(3- Bremopropionice acid, 32 g, (0,21 mele), Eastman Kodak Co., white
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label, gave 46.5 g. (0.18 mole) of dry silver salt., The actual
yield of the silver dalts is usually quantitative, but there is
considerable mechanical loss in the rapid handling procedure that
is necessary, The silver salt was added to 65 g. (0.4 mole-125%
excess) of dry bromine over a period of eight hours, The reaction
was very slow at all times; the carbon dioxide evolution never ex-
ceeded one bubble per second, After a total of sixteen hours at 0°,
evolution of carbon dioxide had practically ceased and the mixture
allowed to warm up to 25° overnight. It was cooled to 0°, then sodium
bisulfite was added to the solution until it was colorless., The
eilver bromide was filtered off and the precipitate washed with
carbon tetrachloride. The organic layer was washed with sodium
bicarbonate solution and with water, dried and distilled at atmos-
pheric pressure, After removing solventy 32,2 g. of ethylene broe=
mide (68%) was collected, b,p. 128=29°/750 mm., g§5 1.5350, m.p.
7.549.0° (corr.).

An earlier attempt to make this silver salt had resulted in
decomposition at 25° while drying at the vacuum of a Hyvac pump,
A considerable quantity of a water~white liquid colleected in the
dry-ice trap., This proved to be ﬁ?-@mopioiactone, as shown by its
reaction with thiourea to give (3 ~thioureidopropionic acid, m,p.
178-9° after airedrying (this is the m.p. reported by Gresham,
et al, (40), who, however, dried the derivative at 100°; when the
material obtained in this research was dried at 100°, it decomposed).

When the silver salt degradation described above was carried

out at the temperature of refluxing carbon tetrachloride instead of
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at 09 the principal produet of the reaction was a non-distiliable
polyester. A small amount (4%) of somewhat impure ethylene bromide was
obtained,

Allylna)onto aeld:

Sodium (115 8.y 5.0 moles) was dissolved in 2150 ml. of absoe
lute éthanol in a five«~liter, three-nccked flask, fitted with reflux
corﬁenser, trubore stirrer and dropping funnels Redistilled Eli Iilly
and Co. diethyl malonate (800 gey 5.0 mole) was added while the solu=
tion was etill hot. Then 605 ge (5.0 moles) of Eastman Kodak Co.
white label allyl bromide was added over three-quarters of an hour to
the hot solutiony maintained abt gentle reflux by the heat of the re-
action. The mixture was hegted during five hours while ethanol was
slovly removed. After about two liters of ethanol had been token offy
the reaction mixture was cooled and washed with about 1.5 liters of
water, which wes extracted in turn with 200 mi, of ether, The combined
organic layers were dried with magnesium sulfate, the ether was strippad
off and the residue was distilled. Allylmalonic ester, 400 g. (40%), was
obtainedy bepe 55«60“/1 My n.S 144290, In addition 115 g. (23%) of
allylacetic acid was obtained upon saponification and acidification of
f‘ore-» and after-runs. Upon saponification of the aficr-yun (L.o. $0= C"0°/1 m. ),
42 be {227) of diallylacetic acld was obtaeined, bep. 110=115%/30 mm.

Mlylmalonic ester (200 g., 1.0 mole) was poured with good stire
ring into e selution of 225 g. (ca 4 moles) of potassium hydroxide in
a.baolute‘e'bhanol at 50°. In about thirty seconds the mixture set to a

senie-s0lid nass which was heated in the steam bath for one-half hour.
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At the end of this time it was filteredy washed with absolute ethanol
and then with ether, It was then dissolved in the minimm amount of
water and made acid with cooling. After removal of water at 20 mm.,
the remaining dry salts were extracted with scetone and the acetone
evaporated to give an almost guantitative yleld of allylmslonie acid,
MeDe 3.65" (decs).

Allylacetic gold:
Allyimelonie acid, 72 g. (o5 mole)y from the above reaction was

used without further purification., Concentrsted hydrochlorig acid
(2«3 ml.) vas added and the mixture heated to 165° for one hour, or
until carbon dloxide ewolution had practically ceased, If the acid
is very ire, or if no mineral acid is added, decarboxylation is very
s‘iew, requires higher tempersiures, and the yield is correspondingly
low. Even at 165° there was considersble side-reactionwlactone and
polyester formation-and on distillation only about 70% (35 g.) of ale
lylacetic acid, bepe 95+7°/25 mm. vas obtained.

The p-brompphenacyl ester of allylacetic acid was prepered from
its sodium selt and p-bromophenscyl bromide, according to MeRlvain (57).
After recrystallization from dilute ethanol it melted at 59’.5~60.5° (corzr.)

§ -,.Bx-omg;gric as ids

Gageous hydrogen bromide was bubbled into 30 nml. of C.P. toluene
at 0° until the ssturetion point was resched, FEastmen Hodsk Co. vhite
lebel benzoyl peroxide (0.1 g.) was added, and then 22 g. {0.22 mole)
of sllylaeetic acid was dropped with good stirring at 0° More hydrogen
bromide was added until e total of 30 g. (0.37 mole) had been absorbed.
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After a few minmutes the solubtion was allowed to warm to room temperature
and was stirred for three hours. The toluene solution was then washed
with water several times, extracting the water washings with ether.
The combined orgenic layers were stripped fres of ether and distilled.
Allylacebic acid (6 g. 27%) was recovered unchenged end 28.1 go (71%)
of & fraction, bep. 102-110°/1 mm, vas obtained vhich solified to a
white solid, m.pe 35«40°% This aecid after a single reerystallization
from ligroin melted at 39.5=40.5° (sorr. ), The isomer, ¥ ~bromovalerie
acid ,is reported to melt at 21° {(56).

Attempted degradation of ) ~bromovaleric acid lo ietrametbylene bromide:
An attempt to earry out the silver sallt degradation of & <~bromo-
valeric aeid was mede before the technique of using these heat-sensitive
bronine~containing silver salts had been properly worked outy and as a
resulty none of the desired pmclucé wvas obbained. The silver salt was
made at 10° from the amwonium salt without any noticeable decomposition,
but upon drying overnight at 25° it decomposed into a liguid {rresumsbly
the lactone) and silver bromide. ILater work indieates that since the
gilver salt can be made, the degradation with bromine probably can also

be carried out successfully at 0°

¥ , O Dibromovaleric scids
Allylacetic acid (50 g.y 0.5 mole) was dissolved in dry reagent
carbon tetrachloride and the solution was coocled to 0° Bromine, 80 g.
(0e5 mole) was added dropwise with stirring over a two~hour periods
When the addition was sbout twe-thirds complete, the broiine color persisted
and two phases had formed. The reaction mixbture was then allowed to warm
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to room temperature and was stirred for two hours. The excess
bromine was destroyed by warming with formic acid and the organic
phases were extracted with dilute aqueous sodium bicarbonate solution,
The aqueous extract was acidified and extracted in turn with ether,
From the ether extract the low-bolling materials were stripped off

in vacuo on the steambath (some allylacetic acid can be recovered)
and, on cooling, the orange oily residue crystallized., This crude
product melted at 45-500. One crystallization from 30-60° petro-

leum ether gave 77.65 g. (59.6%) of white crystals, m.p. 56—80.

Degradation of _U , S -dibromovaleric acid fo 1,2,4-tpibromobutane: (see
also below).

The silver salt of ¥ , 5 «dibromovaleric acid was made by
the lowetemperature technique described above under the silver salt
degradation of o «~bromovaleric acid., Throughout the precipitation
and centrifugaetion, and during most of the drying at Oo, the silver
salt remained pure white in color, However, after 16 hours of drying,
the centrifuge bottle was opened to break up the lumps with a spatula,
even though the salt was maintained at 0° then and thereafter, it
decomposed rapidly into a liquid and silver bromide, The degra-
detion could not be carried out.., Evidently preparation of a silver
salt of a Y ~bromoacid requires a special technique if lactoniza=-
tion ig to be avoided.

Attempted Degradation of allylsgcetic geid to 1,2, 4=—tribromobutane:
The silver salt of allylacetic acid was made in the usuad way,
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by addition of the potassiun salt to a silver nitrate solution,
The minimum amount of water was used becsuse of the high solubility
of silver allylacetate, After the customary washing and drying the
yield of silver salt was only 35.5 g. (59%) from 25 g. (0.25 mole)
of the acid,

The dry silver salt , 35.5 g. (0,17 mole), was added to
5404 g (0.34 mole) of dry bromine in 200 ml. of dry reagent grade
carbon tetrachloride portionwise at reflux temperature over a
period of two hours; the mixture was refluxed for an additional
one-half hour after addition. The reaction was vigorous, but no
carbon dioxide was evolved., On working up in the usual fashion,
dfestroying the rather large excess of nromine remaining and distile
ling, 9.8 g. of material boliling at 989°/1.5 mm. was obtained.
Thus was determined to be a bromolactone by the faet that it dis-
solved in concentrated hydrobromic acid and, upen dilution of the
resulting solution, § ,d =-dibromovaleric acid was obtained.
Posaibly this reaction could be carried out successfully at lower

temperatures (0° or below).

Degradation of ethylmalonic geid to l,l-dibromo and l,1,l=tribromoe

kropanes:
Eli Lilly and Co. ethylmalonic ester,(94 g., 0.5 mole), was

saponified by pouring into a solution of 100 g. (1.78 mole) of
C.P. potassium hydroxide in 700 ml, of ethanol at 50° with stirking
and subsequent heating in the steambath for one~half hour, The re~

sultant semi-solid mass was filtered, washed once with absolute



ethanol and once with ether. After sucking dry on a Buchner
funnel, the quite pure dipotassium salt was dissolved in a minimum
amount of water and, with cooling, the solution was made acid to
congo red with nitric acid, The water solution was extracted
several times with alcohol-free ether and the ether removed at 25°
in the vacuum of the webter aspirator. The crystalline white di-
acid was air dried on a porcelain plate, yield ca. 1004, No odor
of butyric acid could be detected,

Alternatively, the water solution of the potassium salt could
be brought to the neutral point with nitric acid and this solution
used directly in the preparation of the silver salt,

The pure diacid (21 g., C.23 mole) was dissolved in 50 ml,
of water and enough 15% pctassium hydroxide solution added %o bring
it to pH 7. This potassium salt solution wes added slowly in a
fine stream,with vigorous stirring, to a solution of 40 g. (0.23
mole) of Goldsmith reagent grade silver nitvrate in 200 ml, of
water, The precipitated silver salt was centrifuged and was washed
successively with acetcne, methanocl, and ether, centrifuging ree
latively free of solvent each time, The ether was taken off at
25° at the vacuum of the water aspirator and the resulting silver
sglt was dried over-night at 25° on a Cenco Hyvac pump, yleld,

37 g. (95%).

Dry Merck reagent bromine, (42 g. C.132 mole) was dissolved in
125 ml, of dry reagent grade carbon tetrachloride in the apparatus
described above, The silver salt, which had been dried to constant

welght (37 g, 0.117 mole), in the 100 ml, round=bottomed flask in
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which it was to be used, was attached to the third meck with a flexible
rubher tubes The reaction vessel was cooled to 0° and addition was
started by ralsing the flask conteining the silver salt and shaking in
the salt in small portions.

About 2«3 g. was added and the mixture was stirred for sbout one
hour before reaction was at all noticesble, as evidenced by carbon dioxide
evolution. This gas evolution can be conveniently followed by attacking
a bubble counter to the exit tube of the caleium chloride drying tube,
Small portilons of the silver salt were added over a period of several
hours. The rate of carbon dloxide evolution slovly Inereased untll a
stendy rate of 2~3 bubbles per second was reached. The remainder of
the silver salt was then added and the suspension allowed to stir for
eight hours at 0% and then graduslly the mixbure was warmed over a
period of three to four hours o 55%°, Some evolution of hydrogen bro-
mide was noted.

The suspension was again cooled to 0° and 10% squeous sodium bie
sulfite solution was added dropwise until the bromine color wes destroyed.
Only & few drops were needed in this case. The silver bromide was
filtered off in the cold and the precipitate washed with carbon tetrae
chloride. The combined organic phases wers washed with agueous bie-
carbonate 4o remove any brominated or unbrominated free acids formed by
the reaction of the silver salt and hydrogen bromides. & brown slkaline
layer was formed, which was not further investigated but which probebly
contained aprrecisble amounts of acidic substances. The organic layer

was wagshed once with cold walter, and then dried over ecaleium chloride,
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The carbon tetrachloride was taken off at atmospheric pressure
and the residual material fractionated. 1,l1-Dibromopropansy b.p.
86-889/155 mm., and a fraction, mostly 1,1,l-tribromobutane, b.p.
70-80°/25 mm. were obtained upon distillation of this residue. This
represented s yield of 28% ui the dibromopropane and 21;.7% of the tri~

bromopropane, These meterisls were redistilled; dibromopropane,
' 2

45 1,960, was collected,

bepe 133.25-134.09/751 muey na° 1.5063, d
and analyzed.

Anal, Caled., for GgﬁéBréz Cy 17.81; H , 3,00, Pound: C, 18,03;
Hy 249%e _

Tribromopropane, bepe 77=83°/25 mm., n%s 1.5606; dz5 2.@39,
was also colleeted and analyzed.

Angl. Caled. for 03H5Br33 Cy 12,813 Hy 1.79. Found: C, 13.25;
Hy 14956

To prove the structure of the two products they were trested in
the following wayss The dibromopropane (1.5 g.)s 2.5 g. of silver
acetate, and 15 g. of glaclal scetic acid were refluxad vigorously
for six hours. The mixture was cooled and the silver salis were filtered
off and washed with a little acetlc acid. The acetic acid solution
was put into a Claisen flssk fitted with a short glass-beadwcolumn
and 10 ml, of dilute hydrochloric acld was added, The flask was
heated rapidly to boiling snd the propionaldehyde. rroduced, Yogether
with some woter, was taken off at 4.8-523 @, A&bout 0,25 g of aldehyde
was produced in this way which was converted to the 2,4~dinitroprhenyl
hydragone by the method deseribed by Meklvain (55). After two re-
crystallizations from ethancl, the derivative melted at 153.5«15L.5%.
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The tribromide (0.75 g.) was refluxed with 20% aqueous potassium
hydroxide solution for tuwenty-four hours. After extracting the ale
kaline solublon with sther an orange .- colored solution was optained.
The solution, after bringing to pi 8 with hydrochloric acidy was
then evaporated to dryness on the steambath and the resultant mixture
of salts was extracted with 70{ ethanol. This extract was brought
‘o M 7, sed 0,25 g of psphenylphenasyl bromide added. The ethanol
solution was refluxed for two hours; the product* after several re-
erygtallizationa from ethanol mslted at 102-3°% and showed no depres-
sion of the melting point when mixed with aunthentie pephenylphenacyl

propionate (57).

Degradation of guceinic acid to Ethylene bromide: (see sbove also,
degradation of Pepropionic acid)

Pure dry white sllver succinste was prepared in 98-97 yield
by the addition with good stirring of a neutral solution of sodiwm
sucelinate %o a slight excess of a solution of silver nitrate, The
resultant precipitate was washed successively with water, acetons
and ether, removing the solvent each time by filtration or centri-
fugation, After stripping off the major part of the residual ether on

the aspirator, the sllver salt was dried overmight at temperatures

* Tt was founé convenient, when making rhenacyl esters, to
use an excess of the phenaeyl halide to insure a naxbmen amount of
product. The excess phenscyl bromide vemaining at the conclusion
of the reaction can be easily removed from the desired ester deri-
vative by warning a benzens solution of the mixed rrecipitates and
adding o benzene solution of trimethyl amine until precipitation of
the quaternary bromide salt stops. The guabternary bromide may be
Piltered off or removed by washing with water, leaving relatively pure
vhenacyl ester,
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up to 75° on a Cenco Hyvac pump. Before use it was ground and dried
to constant weight in the container in which it was to be used,

Silver succinate (99.5 g., 0.3 mole) wos added, in the system
daeseribed above, portionwise over a period of one hour to a stirred
golution of 96 g. (0.6 mole) of dry bromine in 300 ml. of dry carbon
tetrachloride., Initially at reflux temperature, the system maine
tained ltaslf there at first; later external heat was applied, After
the addition was complete, the sclution was refluxed for an additional
hour, was then filtered, washed with 10% sodium bisulfite solubtion
and finally was distilled in vacuo, The yield of ethylene bromide
vas 18 g, (31.9%), b.p. 60-60,5°/67 mn., 837 2.172, 035 1.534, m.p.
6.5+9,0 (corr,), mixed m.p. with authentic dibromide, 7.5-9,0°
(corr.).

Several other runs at different temperatures were made. When
the addition was made at O°, with subsequent werming, in one case
the decarboxylation occurred with explosive viclence at about 400.
In another case of addition made at Oo, the intermediate decomposed
gmoothly and evenly at about 10-15° (with external cooling); the
vield was 37%, Some wreacted sllver sucecinate was also recovered
in this case, even though an excess of bromine was used. In several
runs at higher temperstures the yields were always lower, For
example, in one run at 1350, using tetrachloroethane as the solvent,
the starting material was completely accounted for as polyesters,
for the most part insoluble in the chlorinated solvent but soluble

in boiling ethanol,
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Tricarboxybu H

An attempt was made to oxidize l-vinyleyclohexene-3 (huta-
diene dimer) by the conventional method using permangenate, but
such large volumes of solution were involved, and the product obe
tained was so contaminated with intermediate oxidation products
which were diffieult to remove, that a more convenient method was
desired.

Nitrie acid was suggested (by Dr. H. L., Herzog), asjconcentrated
oxldigzing agent of considerable power that produces only gaseous
by=products, so a procedure vwas tried patterned somewhat after
that deseribed in Organic Syntheses (58) for the oxidation of cyeloe
hexanone, Similar oxidations have also been described in a British
patent (59).

1-Vinyleyclohexene=3 (a sample generously supplied by the
Koppers Co.), redistilled, was added dropwise over a period of
three hours with stirring to 1.3 liters (ca. 20 moles, slightly
more than 100% excess) of concentrated nitric acid at 50-60°, using
2 g, of ammonium metavanadate as catalyst, in a 2-liter, three necked,
standard-taper-equipped flask, fitted with dropping funnel, "trubore®
half-moon stirrer and reflux condenser, The reaction maintained
itself at this temperature even with some external cooling, The
resultant solution was siphoned off and re-added dropwise through
the dropping funnel, this time with the flask maintained at 100°
on a steambath, Considerable further reaction took place, as evi-

denced by nitrogen dioxide fumes being evolved coplously. After
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this second addition was complete, the vessel was heated one hour
more at 1009, although nitrogen dioxlde was no longer evolved after
ten minutes. On cooling, a fluffy white precipitate was noted,
This was filtered off, and shown to be p-nitrobenzoie acid, foruwed
by arcmatization of the hydroaromatic ring, with simultanecus oxie
dation of the side chain and substitution. In all, 2«3 g. of this
nitro ecid was obtained, M. P 2320, methyl ester, m.p. 94? {(corr.).

The excess nitric acid was conveniently deatroyed by addition
of formic acid at from room temperature up to 50°, Carbon dioxide
and nitrogen dioxide were evolved until the nitric acid was comw
pletely destroyed. The water was stripped off on the steambatn
under aspirator vacuum, the residue (a light-brown viscous oil),
was dissolved in acetone and the solution was boiled with Norite,

A elear green solution resulted, which after taking off acetone,
gave a solid mass, crude yleld, 84%. A single reerystallization
resulted in vhite crystals, m.p. 115-21° from ascetonitrile.

The crude triacid was converted to the trimethyl ester by
successively dissolving in methanol containing hydrogen chloride,
stripping off the methanol and the water formed and re-adding
methanecl-hydrogen chloride, This was done three times gnd then the
product wasg distilled., There was obtained 145 g. (62.5%) of tri=
methyl ester, b.p. 116=7/1 mn, ae well as 14 g, of a forerun
boiling at 50-3°/1 mm., probably dimethyl succinate or glutarate.

The ester, 116 g. (0.5 mole) was saponified in 50% ethanol,

using 120 g. (3 moles) of sodium hydroxide and refluxing for three
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hours, The solution became dark-brown in color and a floecculent
pre¢ipitate appeared, This apparently consisted of V(OH)3 (Vclx
compounds are volatile and soluble in organiec solvents)., The ethanol
was taken off on the steambath, with some foaming, The solution was
acidified and was extracted once with ether; the ether extract

was discarded, The water was then removed on the steambath under
aspirator vacuum, occasionally filtering off the salts which separated.
The combined salts were extracted with boiling acetone and the acetone
stripped off, leaving 2 tan erystalline residue, On recrystalliza-
tion from acetonitrile it gave a pure white triacid, m.p, 118-120°
(48), yield, 89 g. (99% from iriester).

Degradation of L.2,4etricarboxybutane to l.2,4=tritromobutane:

Tho silver salt of triearboxybutane was made exactly as in the
preceding proesdure for silver succinate, The dry silver salt, 53 g.
(0.104 mole), using the spvaratus -reviously described, was dropped
into 50 g. (0.312 mole) of bromine in 200 ml, of dry reagent grade
carbon tetrachloride maintained at reflux bemperature over a period
of about six and one-half hours., OCarbon dioxide was vigorously
ovolved from the exothermie reaction., After the addition was comw
pleted, the mixture was refluxed for one-half hour additional., On
eooling, filtering and washing with 10% bisnlfite solution, it was
found that 18% of the bromine was left unused, presumebly because
of ester formation in the usual side-reaction, After washing with
biecarbonste and water, the organic layer was dried and distilled

giving 1.8 g. (6%) of tribromobutane., A solid residue, presumably
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polyester, remained in the distillation flask, From this run and
from a like run (which gave & 4% yield) 3.3 g, of tribromide wes
obtained, bep. 54+6°/1 mm., ngs 1.5554; in addition, 1.5 g, of
tramolactone resulted, b.p. 70=75°/1 mn., n§5 1.5101, Possibly,
better yields of the tribromide could be obtained by running the
reaction at lower temperatures (see degradation of halogenecontaine

ing acids).

da2s4mTribromobutane
) Authentic material was synthesized following the method dew=

sceribed by Pariselle (47). Dry, resublimed paraformaldehyde (23 g.
0.93 mole) and 24 g. (1.0 mole) of clean magnesium turnings were

put into 200 ml. of dry (dried over sodium) ebher in a threeenecked,
500 nl,, standard=taper-equipped flask fitted with "trubore" stirrer,
dropping funnel and reflux condenser topped with a drying tube. 4
few crystals of iodine were added and then allyl bromide, Eastman
Kodak Co. white label, freshly redistilled, was edded dropwise.

The reaction started after 2~3 ml, had been added and continued
nicely over an addition period of six hours, The mixture was re-
fluxed for two hours after the addition had been completed. Ice-
water and then dilute sulfuric acid were added until all of the
magnesium had dissolved, The product was extracted with ether

(3 x 100 ml,) and the extracts were freed of solveni. Further dis=
tillation gave biallyl which was taken off up to 95°/760 mm, and
buten=ieol was collected at 112-116°, yield 15.4 g. (19%). Pariselle



~G7-

states that the residue is mostly the formal of this aleohol,

The butenol was used without further purificetion. It was
dissolved in 100 ml, of dry reagent grade chloroform and 34.3 g.
(0.214 mole) of Merck reagent bromine was added dropwise at 0° with
stirring., The bromine-color persisted after about nine~tenths of
the theory of bromine had been added., The resction mlxture was
atirred for one hour at 25°, washed with 10% bisulfite solution and
with vater, dried with magnesium sulfate and distilled, There was
collected 30,7 g. (51%) of 1,2-dibromoe=i~hydroxybutane, b.p., 85°/1 mm.

Glacial acetic seid (200 ml.) was saturated with gaseous hydrogen
bromide at 0 . The aleohol obtained above was added and the temper=
ature was keplt below 10° for one hour. The temperature was then
relsed slowly so that s temperature of 700 was reached in five hours
ard in sixteen hours, a temgerature of 1000. During this time the
reaction mixture became black, Tha acetic acld was stripped off
at 320/23 M., and the residue was washed with water to remove eXe
cess hydrogen bromide. The cloudy water-phase wgs then exiracted
with elher and the combined organic phases dried aend distilled,

There was cbtained 31,59 go. (828) o 1,2,4=tribromobutane, b.p.
56<9%/1 mn., na° 1.5527.

Von Braun {46) has reported that this tribromobutane, when
treated with magnesium®, simultaneously loses helogen from the
vieinal bromine-conteining carbon atoms and forms an olefinic Grignard
reagent (MgBr attached at carbon atom 4). This reaction proceeded
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“ittempts to dehalogenste using zine led to ille-defined products,.
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exactly as deseribed, the resulting Grignard reagent was carbonsted
to give allylacetic acid, snd the p~bromephenacyl ester of this acid
was made according to MeRlvain (51). The ester so cbtained melted
at 59,5#60,5 (corr,) and did not depress the m,p. of authentic pe
brompphenacyl allylacetate, m,p. also 59,5+60,5° (corr,)

II, 4n attempt was made to synthesize 1,2,/~tribromobutane from
1,2, i=trihydroxybutane obtained by the action of lithium-aluminum
hydride on malic ester. Difficuities due to solubility relationships

were encountered during the reduction step,

ITI, An attenpt was made to symthesize 1,2, -tribromebutane by
the reaction of 1,l-dibromobubene-2 and hydrogen bromide, This
addislon is reported to procesd very alowly at 100°%, In 48 hours
at IOﬂO; using a satwrated glaclizl acetic acid solution of hxlrogen
bromids,no product could bhe isolated and the starting mateelal wes

recovered unchanged,

IV, Attempted synthesés of 1,2,4~tribromobutene mre listed above
under the degradation of ¥ , § ~dibromovaleric acid and of allyle

acetic acid,

V.  The successful gynthesis of 1,2, 4~tribronobutane is deseribed
above under the section dealing with degradation of 1,2, ~tricarw
borybutane,

VI, 1,2,4=Tribromobutane is a by-product of the degradation of

eyelobutane carboxylic acid, see below,
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Attemoted DNegradation of 1,2,7, A-Totracarboxyhutane to 1,2,3,4w

in attempt wes made to carry out this reaction with the silver
salt of 1,2,3,4~tetracarboxybutane (60), but with no success, The
silver salt was preparsd in the usual fashion, by adding the sodium |
salt of the acid to a slight excess of silver nitrate solution and
washing with water, acetone and etirer., It was dried %o constant
weight, vield 70.6 z, {97%) from 25.7 g. (0.11 mole) of recryotale
lized Vastman Kodak Co, yellow label 1,2,3,4~tetracarboxybutane,
e D lﬁ%u?@g {dec,) {60) from acetone.

The reaction was muen like thal of the 1,2, 4-tricarboxy-
butane, deecribed above, Dry silver salt (795 2oy 0,105 uola)
wag added to 67.5 g, {(0.420 mole) of dvy bromins in 300 ml. of dvy
carbon tetrachloride dwring four houwrs. A wigorous raaction took
place with carbon dioxide evolubtion, At the end, 207 of the bromine
was left. Un filtering, most of the organic product ramained with
the silver bromide precipitate end could not be washed out with
carbon beirachloride (although it is soluble in bolling ethanol).
The carbon tetrachloride solution, on evaporation on the sieam
hath, left only 2-3 g. of brown, wmerystallizable oll, which was
almost completely zoluble in concentrated hydrobromice acid. Yo
avidence for the presence of 1,2,3,4~betrabromobutane was cbtained,

1, 4-Dibromobutene-2, upon boiling with bromine in cerbon tetra=
chlnride sloviy added bromine Lo foirm aubthentic 1,2,3, ~tetrsbromoe

butane, m.pd 115,5-116.7°, in quentitative yield. 1,2,3,4-Tctra~
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bromobutane is a possible by-product in the degradation of eyelo-
butane=l,2«dicarboxylic acid; see below,

1,1-Dicarbethoxyeyclobutane (200 g., 1.0 mole) (preparation
deseribed in the Experimental Procedures section of Part I of this
Thesis) was poured with good stirring into a solution of 240 g.
(ca, 4.0 moles) of potassium hydroxide in ateolute ethanol at 50°,
An exothermic reaction took place and in a few minutes the reaction
mixture set to a semiw-solid, This was filtered as dry as possible,
washed with 500 ml, of absolute ethanol and with 500 ml, of ether,
It was dissolved in the minimum amount of water, acidified with
hydrochloric acid to pH 4 and the water removed by distillation at
atmospheric pressure. Some decarboxylation occurred and the resulte
ing monoacid steamwdistilled and could be extracted from the distil-
late with ether, The solid mass of salts that resulted from taking
off the water was heated by means of an oil bath at 200° under reflux
for two hours, At the end of this time the pressure was reduced and
impure eyclobutanecarboxylic acid, b.p. 85105°/25 mm, was removed,
This impure distillate was combined with the above ether extraect
and redistilled, The yield of cycleobutanecarboxylie acid, b.p.
98-100%/23 mmn., 05> 14424, vas 86 g. (86%).
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Degradation of evelobubanecarboxvlic acid %o cyelobutyl bromide
{and other products)s:

It was discovered that the conditions under which this re-
action is carried out determine the major product. When the silver
salt was added to bromine at 100, eyclobutyl bromide was formed
prefoninantly, Ab reflux temperature, the major product was that
produced by opening of the cyclobutane ring, i.e., 1,2,4=tribromo~
butene, 4% 250, when the bronine was dropped into the carbon tetraw
chioride suspension of silver salt, the major product was ester formed

by the reaction of eyclobutyl bromide with the excess of silver salt,

X Cyelobutvl bromide: The silver salt was made as previocusly

deseribed, using a minimum of water because of the rather high solue
bility of silver cyclobutanecarboxylate, The yield of silver
salt was 59.4%, and 8% of eyclobutanecarboxylic acid could be ree
covered after acidification of the solvents used for washing, The
salt was dried for eight hours at 80° without visible decomposition,
The previously described apparatus was used, dry Merck re-
agent bromine (34,6 g., 0.215 mole) was dissolved in 250 ml., of
dry reagent grade carbon tetrachloride and the mixture was cooled
to 10° The silver salt (44.7 g., 0.216 mole) was shaken in slowly
over a two-hour period, The evolutlon of gas was somewhat slow at
100, much more rapid at 120. Cason (29) has run this same reaction
at «2505 he describes a considerable induction period, followed by

fairly rapid reaction, When the addition of silver salt was about
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three-quarters complete, additional bromine was added since the

bromine color had disappeared, In all, 39.9 g. of bromine (0.25

mole) was required, After the addition had been completed, the

mixture wae stirred for one~half hour and the silver bromide was

filtered off and washed with solvent, The filtrates were washed

with bisulfite, then with bicarbonate, finally with water and

dried, The carbon tetrachloride was carefully removed and the residue
distilled, Three fractions were noted, the first of which was the
desired product, cyclobutyl bromide, 13.43 g. (46.2%), b.p. 46-8°/100 mm.,
106-8°/755 mm., n§5 1,4768, a*s 1,430. The seeond fraction was cyclow

4
butyl eyclobutanecarboxylate, 3.94 g. (23.8%), bope 49=50°/1 mm,,
w&fﬁﬁmm,€5Lw%,§5Lm& The third vas 1,2,4-trie

bromobutana, 7-53 e (1212%)3 bepe 56~3°/ea. 1 mm,e, ?4"60/105 R o

ny? 1.5683, d5° 2.205.

8ilver cyclobutane-

1. Gyelobutyl
carboxylate (46 g., 0.222 mole) was suspended in 250 ml. of dry

carben tetrachloride at 25°. Bromine (35.5 g., 0.222 mole) was
dropped in with good stirring and with cooling to meintain the
temperature at 25°, When 27.2 g. (0.17 mole) of bromine had been
sdded carbon dioxids evolution ceased and the bromine ¢olor pere
sisted, The reaction mixture was stirred for an additional hour,
the silver bromide was filtered off gnd the organie layer wss
washed with bisulfite, bicarbonate and water in that order, dried
ané distilled., No eyelobutyl bromide was obtained., The prineipal
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product was eyclobutyl cyclobutanecarboxylate, 10.66 g., (62.2%),
b.pe 57-9°/3 m., n§5 1.4530, Tribromobutane, 3.84 g. (6%) was
also produced., A third high bolling fraction was also found, b.p.
120.140°/1 mm., that probably represents brominated esters.
Cyelobutyl bromide (1.5 g., 0.01l1 mole) and 1,72 g., (0.011
mole) of silver cyeclobutanecarboxylate were mixed in 10 ml. of dry
carbon tetrachloride and allowed to stand for twelve days at 25°
with oeccasional shaking, In thrse days the characteristic sweet
odor of the ester could be detected. On distillation, 1.27 g.,

(75%) of material boiling at 196-200° was obtalued, ngs 144964

I1I, 2,2,4=Tribrombutanes Dry silver cyclobutanecarboxylate (47 g.,
0,227 mole) was added to 37 g. (0,227 mole) of bromine in reflux=
ing carbon tetraechlorlide over a period of one and one-half hours,
The reaction was extremely vigorous. About half way through the
addition, 30 g. extra of bromine was added, since the reaction mixe
ture had become completely decolorized, On working up the moduct
in the usual way, l.4 g. (8.4%) of cyclobutyl eyclobutanecarboxylate
vas cbtained, b.p. 57°/2 mn., end (4.8 g. (64.6%) of 1,2,.L=trikromo-
butane, b.p. (on redistiliation) 72«4°/2 mm., n§5 1.5675, aif' 2,206,
mepe =20 to =15° (macro.).

The constitution of this material was determined by comparison
of its physical propertles with material prepared by two other me=
thods (sea above), that of Pariselle (47) and that of the silver

salt degradation of 1,2, ~tricarboxybutane., The infra-red spectra
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were also compareds The reaction with magnesium as described by
von Braun (46), with subsequent carbonaticn and ester formation,
wags used to make the pebromophenscyl sster of allylacetic acid from
this tribromide, The melting point, 59.5+60.5° {corr.) is the seme

as that found for the authentie materlal; the mixed m.p. showed no

denregsion,

I, Gig 1,2-dicarboxycyclobutane (42 g., 0.3 mole) was converted
to the silver salt, as already described, in 98% yield (103.5 g.).

A portion of this silver salt(44.2 g., 0.125 mole) was added over

a period of several hourg. to a solution of 40 g. (0,250 mole) of
Yromine in 125 ml, of refluxing carbon tetrachloride, The reaction
was vigorous but some exbteérnal heating was needed to maintain at
reflux., About 1 g. edditional of bromine was needed towards the

end is maintain color in the reasction wessel. The products were
worked up in the usual way. Distlllation gave 10,25 é. (40.6%) of
materlial boiling atb 64»720/12.5 ma, Redistilletlon gave a prineipal
fraction, bup. 72-47/20 mm., ne> 1,5352, 400

4
*—G.So (corr.). This meterial when mixed with authentic, presumably

1.928, MePe wled to

trans 1,2-dibromocyclobtutane from bromination of cyclobutens,
melted at 2.5-4.5° (corr.). This sample of authentic jrsng dibremide
melted at 4.75-5.750 (eorr.).
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II, The silver salt (52.4 g., 0.15 mole) of trans 1,2-dicarboxy-
eyelobutane was treated in exactly the same way, except that no
extra addition of bromine was required, The yield was 6,23 g,
(39.4%) of material boiling at 73-6°/20 mm, This, on redistile
lation, gave dibromide as a major product, b.p. 72-42/20 mm,,

ne3 1.5343, di‘" 1

a mixed m,p, with suthentic iransg dibromide of 2.5~4-5° (corr,).

0934, m.p, =1 to +1° (eorr,). This meterial gave

It was noticed that after standing several months the fractions
boiling slightly higher than the dibromide, from these two experie
ments and another conducted with mixed ¢is and trans acids, contained
some erystelline material, m.p. 54° (eorr.), which later experiments

indicated was 1,4~dibromobutene=2,

I1I, Merck reagent bromine (23.8 g,) was placed in a 50 ml, Claisen
flask, fitted with mereury-sealed stirrer, connected on one side a
tube to an ampoule containing 2,03 g. (0,149 mole) cyclobutene

(see below for source), and on the other to a water manometer, With
éantinue& stirring, the cyclobutene was allowved to boll into the
flask over the perlod of an hour while it was maintained at 0° and

a pressure very slightly above atmospherie. The bromine was just
decolorized, After the resetion was complete, the stirrer, mano-
meter and ampoule were removed and the product distilled from the
flask at 17 mm, pressure. There was obtained 27,92 g. (87.8%) of
trans 1,2-dibromocyelobutane, b.p. 57.50-58.250/17 M., , n§5 1.5362,
MeDe Lo505.0° (corr.). A small residue, m.D. 115.5—116.750, was
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left, evidently 1,2,3,4~tetrabromobutane (frem some butadiene in
the cyclobutene) since it did not depress the m.p. of authentiec

1,2, 3, ~tetrabromobutane,

Cyelobutenes

Reformatsky zinc dust (44 g., 0.66 mole) was mixed with 30 ml,
of absolute ethanol in a 300 ml., 3-necked standard-taper-equipped
flask, fitted with a meroury=-sealed Hershberg stirrer, dropping
funnel and reflux condenser topped with a e¢alcium chloride tube
leading to a glass tube, in turn leading into an ampoule in a Dry
Ice trap, 1,2-Dibromobutane (42.8 g., 0,20 mole) was added drop=
wise over a period of two hours to the refluxing ethanolezinc dust
suspension, Half way through, polymer had to be ¢leaned from the
tube leading into the ampoule. Since cyclobutene does not easily
polymerize, this was probably butadiene, formed by dehalogenation
of brominated straight chain impurities in the starting dibromide,
These might arise as a consequence of ring cleavage during the
silver salt degradaetion (see also degradation of ecyclobutane care
boxylic acid, above). After addition was complete the reaction
nixture was refluxed for one hour while sweeping gently with dry
nitrogen, The material that had collected in the trap was fraction-
ated through a column at low temperatures. At complete reflux the
temperature at the top of the colum was 1.503 8.03 go (74.5%) of
the material boiled between 2.0 and 2.15° and was collected as

eyclobutene.



Sumarys

1., Silver salt degradations using a modification of the
Hunsdiecker technigue have been attempted on % =y, (3 =, ¥ =,
and & <bromoacids. The X w=bromoscid and @ -bromoacid give
reasonable yields of dibromoalkanes, The silver salts of the

~bromoacid and of the ¥ =, & ~dibromoacid decomposed at

25°%, presumably to give lactones,

2. Suceinie acid has been degraded to ethylene bromide in
37% yield; ethylmalonic acid gave 28% of 1,l-dibromcpropane and
25% of 1,1,l-tribromopropane,

3. The Hunsdlecker technique has been successfully applied
to cyeclobutanecarboxylic acids, Cyelobutanecarboxylic acid,
eyclobutane~l,2-dicarboxylic acids, and spiro(3,3)heptane=2e=

carboxylic acid have been converted to the corresponding bromides,
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Eropositions

l. I% should be possible to use the Hunsdiecker degradation
to advantage in the synthesis of otherwise difficultly accessible
ketones (through the disubstituted malonic acid), and neopentyl
halides; it is the only good route to 1,1,l-tribromoalkanes, from

which orthoesters, etec., can be readily made.

2. It is suggested that the Hunsdiecker reaction cannot be
adeguately explained by éither the displacement mechanism suggested
by Arcus, Campbell and Kenyon; or by the simple loss of carbon die
oxide from a acyl hypobromite, with subsequent attack by Br' or Bre.

(1) Areus, Campbell and Kenyon, Nature, 143 , 237 (1949).

3. A very interesting end unusual group of organic compounds
ought to be made availahle by an extension of the Hunsdiecker dew
gradation to reactions of silver alkylecarboxylates with compounds
containing two radicals of the type of NB’ CN, NO, Nﬁz, S0, 802,
SCl, SCN, NCO, Cl, Br, and I, The products from a given reaction
may be predicted on the basis of the solubility in the reaction
solvent of the silver salts formed, the electronegativity of the
two groups, and the relative tendency of the radical involved to

exidt transiently as a positive ion.

4e Since it has been predicted that gyclobutadiens will be
unstable in respeet tn ite rearrangemént products, it is proposed
that the best routes for its preparation are those invelving the

nildest conditions, Removal of halogen from 1,2-dihalocyclobutene~3,
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or from 1,2,3,/.=tetrahalocyclobutanes by the action of zine or
magnesium, or by reaction with iodine,is suggested as a gentle
method, The 1,2,3,4~tetrasubstituted cyelobutanes may be made from
cyclooctatetraene(2 methods), diazoacetic acid, or even from truxillie
acid,

(2) Wheland, J. Am. Chem. Soc., 63, 2025 (1941).

(3) Buchman, ibid., 64, 2701 (1942),

(4) Fiat Fimal Report 967 (1947).

(5) Owen and Simonsen, J, Chem., Soc., 1933, 1225,

(6) Buchner and Geronimus, Ber.,36, 3782 (1903).

5¢ It is now knovm thel previous attempts to prepare cyclow

butane-l, 3=dicarboxyiic acid were probably wmsuccessful. It is
proposed that it be synthesized by the reactlon of 2,2-dibrano-
methyl-l, 3-dinydroxyoropans (readily available from pentaerythritol)
with scdiomalonic ester, followed by cxidation of carbinol groups.
It is further proposed that the first product above, 1,1
dicarbethoxy=3, 3=-dinethyloleyeclobutane, can also be used for the
synthesis of polyspiranes by methods outlined in this thesis,

(7) Mooradian and Glckﬁ, _'zo _Aﬂo Chem. m-, éz, 942 (1945)0

6, C:oss—linking of acrylate polymers to give commercially
usable rubbers is difficult to accomplish by conventional curing
methods, It is suggested that this can be accomplished by the use
of the appropriate acrylate ester in small amounts, Esters suge

gested are furfuryl, amino and glycolic acid, Addition of sultable
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reagents upon milling (oxldants or acidic materials, a quaternary
Base, and zinc oxide, respectively), will cause crosselinks to be
established during curing,

(8) Mast and Fisher, Ind. gnd Eng. Chem., 40, 107«12 (1948).

7, leMethyle3-aminoisoquinoline should be a compound well

sulted for diagoeconying use, Its synthesis can be readily ace
complished, and because of several contributing faetors it should
ghow a congiderable sensitivity towards light, with a good stebi-
lity towards thermal and oxidative decoumposition,

(9) Saunders, "The Aromatic Digzo-Con S o oot
E, Amold and Co., London., (1935), page 164 ff,

8. It is proposed that solid compounds conbaining uninegative
rheniun might be obtained by the aelion of the alkali metals on
rhenium metal or rheniwm compouhds im llguid ammonia,

(10) Lingsne, J. Am, Chem., Soc., 64, 2182 (1942).

(11) Pauligg, Chem. and Lng. News, 25, 2970 (1947).

9. Preliminary genetic studies involving the use of P32

indi-
cate that its action cannot be wholly explained by ionizations
caused by beta emissions, but may be due in vart to transmutation

of the phosphorous to sulfur, It is suggested that 014; because

of its low recoil velocity and bond-breaking power, mey give greater
information about this kind of mutagenic activity., It may be that
new types of mutgnts involving substitution of nitrogen for carbon

will be found, following ingestion of appropriate tracer compounds,
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(12) Libby, J. Am. Chem. Soc., 89, 2523 (1947).
(13) Rubin, Genetics, 35, 133 (1950).

(14) King, Genetics, 35, 118 (1950).,
10, While biochemical genetics has made many contributions to

our understanding of metabolism and physiology, it now appears that
the original appearance of one-to-one correlation in gene and en-
zyme action was in part an aceidental result of the method by which
the genes studies were selected. Possibly the results obtained in
biochemical genetics have not brought us closer to a real under=

standing of the gene than have the methods of classical geneties,

11. It is suggested that the first year graduate curriculum
at the California Institute should include advanced general courses
in physical, inorganic and organic chemistry., These courses should
cover extensively the more important aspects of the entire fleld,

rather than intensively study a few particular aspects,



