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Abstract 

A general method for the synthesis of polyspiranes con

taining oyclobutane rings is described. The method involves 

condensation of sodiomalonic esters with derivatives of trimethyl

ene glycol to give cyclobutan.e.-1,l..dicarboxylates, reduction of 

these esters with lithium aluminum hydride to the corresponding 

l,l-d.imethylol eyclobutane, and the use of this substituted tri

methylene glycol tor a repetition of the cycle. By means of this 

series of ;r-eactions spiro-(.3,3)-heptane has been made. 

The degradation of silver salts of certain types of aliphatic 

oarboxylle acids with bromine has been ta:vestigated. Helogen

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 reaction in fair yields, giving alkyl 

polybromidee. The cyclobutane ring was .found to be cleaved during 

the degr&ldation if carried out as customarily described, but use 

of low temperature techniques gave cyelobutyl bromidea in good 

yields. The mechanism of the reaction is the subject of some 

speculation, but its synthetic usefulness seems considerable. 
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PART I 

SPll\0(.3•3}HEPl'ANE 



PART I 

SPIR0-(3,3)•HEP1'ANE 

The first f'o:Pmation of a spire.ne system ~e reported 1n 1899 

by Meiser (1). He isolated spiro-(4,5)..deeanone-6* (I) as the 

product of a pinacolone rearrangement earried out on l,l'dibydroxy

dicyclopentyl, 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-dic~bozyllc acid starting from pentaerythrityl 

I II III 

*A note C!>n nomenclatures '1.'here 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 atoms 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 atom. An example, (IVa) is spiro-(2,.3)-hexan•5,o.,one-l-carbexylie 
acid. 

The older system is still used in some cases; the oompotmd is 
named as the spiro derivative of a cyclic system. That is; (IVb) 
weuld be called cyelopropane.l-spiroeyclobutane.-31-one-2-carboxylie 
acid, In some cases it is easier to use the second type of nomen
clature, as for example, in naming a series of spire.nes based on 
eyclo:propane. (Continued, bottom of page 2.) 



tetrabromide and malonic ester. This compotmd was the subject 

of considerable debate over the possibility of its existing in 

optically active d• and 1-forms as do the allenes. In the 1930's 

Backer and Shurink (6), and Janson and Pope (7) succeeded in iso

lating the optically active acids and several derivatives of higher 

rotatory power, illustrating clear-cut cases of "molecular" asym.. 

metry causing optical activity, even in the absence or vhat would 

ordinarily be considered an asymmetric carbon atom. 

The F...nglish school under Ingold and Thorpe, in an effort to 

correlate reactivity or glutaric aeicls with the angles assumed by 

sub$tituents in the f3 -position, synthesized and tested the stabi• 

lity of a series of spirane diearbo:xylic acids. They made 2,3-

dicarboxycyclopropane-1-spiroeyclopentane (8), (9), -spirooyclo

hexane (10), (11), -spirocycloheptane {12), {old nomenclature), 

and some others, mostly by means of the sodio derivatives of the 

Guareshi imides (II) uith iodine, or by dehydrobromination of the 

oyoloalkane-1-aeetio, l~"< -bromoacetic esters (III). 

Dispiranes are named according to the first system above. 
Dispiro-(3.1 1,3,l)-d.eean$ is V 

' 2 t.' 'I, 
CH OH,,.COOH CH GH...COOH 

o:£/ )c/1 o2 '
1 ~I 

'CH 3'6H ~R CH 
If' 2 1. 2 ,,., 2 , 2 

IVa IVb V 



The unsubstituted hydrocarbons have proved to be considerably 

more difficult to make and only the ones listed below had been re

ported previous to the time of this investigation. 

VI Cyclopropane-spiroeyclopropane (13), (14) 

VII Cyclopropane-spirocyclohexane (15) 

VIII Cyelopentane-spirocyclopentane (3),(16) 

IX Cyclopentane-spirocyclohexane (17),(18),(19) 

X Cyclohexane-spiroeyclohexane (20) 

No authentic diapirane hydrocarbons have been reported. 

The simplest member of the spirane series, spiro-(2,;2)-pentane 

(VI), is easily aoeessible in a direct manner from a readily available 

starting material. By treatment of pentaerythrityl tetrabromide 

'With zinc in acetamide with sodium iodi.de-sodium carbonate catalyst 

(Hass...McBee procedure), yields of the spirane as high as 60% (21) 

have been reported. Zelinsky (22) had claimed the preparation of 

H~r with -.t -c in the compound as early as 1913, from :.w..u 
CH:t3r 

aqueous ethanol, but bis compound reacted vigorously with bromine 

at 25°; the authentic material does not. He probably had methylene 

eyclobutane, from a Whitmore-type rearrangement of the intermediate 

carbonium ion. This type of rearrangement is known to occur in the 

reaction of pentaerythrityl tetrabromide with zinc in aqueous alcohol. 

The presence of spiropentane in the mixture of hydrocarbons 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). 



tfhe API group (15) at the Ohio State University, in preparing 

a series or cyclic hydrocarbona, made spiro-(2,5)-octane (VII) by 

essentially the same procedure, using 1,1-di.bromomethyleyclohexane 

as starting material. Presumably the method can be e~ed to 

other cyelopropane-con1.aining spiranes. 

c~, )?FI2 

I /c"I 
CH2 aa

2 

/Br~"'/~ 
CH~ /c"'- I 

CB
2
-CU CB

2 

VI VII 

Much more devious procedures nave been used in preparing 

the other reported spirane hydrocarbons. Chatterjee (16) has 

clai:med the preparation of two cyelopentane .spiranes by the f'ol-

lowing scheme• vhieh, in theory, can be used to make other&. 

D<OHt 

CR 
eH:i( COlEt)2 l ") Cl.Cil:2Cff::!COlEt D:s CR/CII 

I 2 
'cOOEt. 

·COt"Et 

COOEt 

As can be easily understood f.rom the scheme, the yields overall 

are minute and the method. will remain a laboratory curiosity 

The same can be said for another method which is of interest 

as a general method for the preparation .of n, n -t- 1-spiranes (VIII). 

The pinacol reduction products of the cyclic keton.es can be ob

tained (in yield of 1-5%) by the action of magnesium or alU11li.nua 



amalgams (17), (24), (25). Such a pinacol can then be rearranged 

by ~ eul.fur!c acid te the corresponding pim.teolone,. an ttnsy:m.1"' 

Jniiitric,al spirancne:, vhieh can; 1n turn• be reduced by the Wol£t'!i!i 

Kishner or the Olemmensen teehnique te the oorrespomling spu-ane. 

~co,~ ,,,,.--._, ~ 
(o~c~•2>. --~ <~~)'~2>11+1 

VUI 
It is of interest that an eltample of the same type of aplranone 

(n::: 4) has been produced (ln much better yield) by the reanangement 

ot S1l.O.ciihydroxy deealin or ef octalin oxide under various eonditi~ns 

by Huekel (2) and by e1emo (4h Thi5!J type of rearrangement, fr0m a bt~ 

eyellc to a spirooycl:t.c system, is reversible under dehydrogenating 

eonditions,. and the sp:tro•(4·t5)..cleQane and ...deca.none yield naphthalene 

at t .emperatu.Ns ot 27'J,,lJ00° in the presence of platinum-charcoal 01" 

selenium eatalysts• respe¢M.ve1y (18)~ (19) .• 

Se 

qo OJ 
CXJ co 

The first of the simple spirane hydrocarbons to be prepared was 

Nported by Norris (20) in 1926, and its preparation, shown below, 

well illustrates the diffieulties that were overcome in the early 



wo~k in this field~ The yields we-re small. Ob,ri.ously a better procedure 

is needed for the reduction of the eyeH.c ~ .....(like.tones that are often 

:1.n-tamediates in these syntheses., 

Since the start of this research, four sp;t.rane,s not previously 

reported have been synthesiz.eo in thl.s laboratory under the direction 

of Dr. E. R. Buchman. Dr. o. I. Fujimoto has ma.de spiro(J,J)heptane 

by tl1e conversion of spiro(3,3)•heptane.2,6-diea.rb0};.jrlic aeid to the 

corrssponding dibromide and reduction to the hydroeal'bon. lre. has 

also made spiro ... (3,;)..-nonanone by the reaction of pentamethylene 

ket(t:ne with dia.zomethane. This reaetion gives the two isomer:t.o ketones, 

spiro-(3,$)•nonahone ... l and •nonanone•2t and these mf'>.y be reduced to 

the h,ydroearbcm, spire-(.3,;)-nonane, by the Wolff~:Kishne:r technique. 

S-imul ta.neously, D. R. Deutseh made Spiro• (3, 5 )-nonane by the 

reaction or l;l-dibromomethylcyclohexane with malenio este:r, fol

lowed by deea.i'boxylation, conversion to the 2•bromosp:tro-(315) ... 

nonane, and reduction to the hydrocarbon, which proved to be identical 

with that prepared by Fujimoto. 



Dr.Harry Walborsky was able to produce two disp±r.anes, di

spiro-(3,1,3,l)~eeane (V) and dispiro{5,l,5,1)-tetradecane by a 

method described later, which involves dimerization of the mono

cyclic ketenes. The resulting diketones Yere reduced by Raney 

nickel desulfurization of the thioketals. Dr. Hershel Herzog has 

also been able to reduce dispiro-(3,l,3,l)-decane-5,10-d.ione to the 

hydrocarbon (V) by the Ruzicka and Goldberg (28) modification of 

the Wolff-Kishner technique. 

A comple'l'.,e description of the spiranes and substituted spiro

carbon systems that have been reported is given in Elsevier•s 

Encyclopedia (26), so only a list of the systems that have been syn

thesized previous· to this research need be given here. 

Cyelopropane spirocyclo-propane, -pentane; -hexane, -heptane 

Cyclobutane spirocyclo...butane, -pentane, -hexane 

Gyelopentane spirocyelo-pentane, •hexane 

Cyelohexane spirooyelo-hexane, •heptane 

Cyeloheptane spirocyelo-octane. 

No reliable reports of any polyspira.nes, with the possible exception 

of (IX), have been reported. 

IX 

The spiranes so far mentioned have been investigated with 

respect to their interesting optical proper'l;ies; theb' Raman spectra 

and electron diffraction patterns, the stability of their acids~ 



..g .. 

and their rearrangements into aromatic systems. ilowaver., they have 

mueh greater general interest than is represented by any one of the 

specific studies that have been made. They present a very interest

ing problem in pure synthetic ehemistry, since very little ia 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 stabi.lity towards reagents. It is 

especially interesting in the chemistry of' spiranes containing 

three and four carbon rings, where strain factors m>e important, 

to gather information as to the reactions that can be em.ployed, since 

in this way valuable 1.lght can be shed on the mechanisms involved . 

The eh6'1.mical properties of' the hydrocarbons and their 

funotlonal derivatives need ·t,o be studied. further. The spirane 

system, i!'lvolving, as :i.t does, atoms that are tied rigidly into 

definite spatial relationships that can be relatively easily deter

rr.ined, present.s an ideal system tor the study of certain types of 

reaction, ;just as t he brtdgehead systems have been put to good use 

in the study of' reactions involving displacements and rearrangements. 

The rigidity and linearity of the moleeu.les, especially in 

the polyspirobu.tane eeri!?.s, ought to lead to unusual physical proper

ties as well. 'l'he spectra • infra-red and Raman- ought to show very 

aharactaristic features due to the eliud.nat,io.n of eertain modes of 

v.tbratious involving rotation and carbon.carbon bending. The mole• 

cules should have restricted forms of internal vlbrations, sinoe 

the position or motion of any carbon atom at any time is determined 



and limited to an unusual extent by its rigid connections to all the 

others. On the intermolecular seale, the motion of the molecules 

will be restricted in some ways by the ease of approach and the re

sultant closel'1ess of' other molecules, and in SOJile ways increased 

by the lack of tangling of fre@ly rotating side chains. The vis

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 anomalous and the melting 

points and densities should certainly be high due to the extreme 

symmetry and the ease of fitting together of the molecules . Especi

ally the crystals of the higher members should be easily formed and 

have very interesting packing patterns . 

general Method~ .2t'. smthesis 

Some general methods of synthesis of monospiranes {that is, 

two joined rings) have been suggested in the historical description 

above. It is of interest, however, to have methods that can be 

used ror extending the chain of rings beyond just two. The interes-t

ing properties of the two-ring spiranes ought to be aecentuated in 

the higher members . It is the purpose of this :research to f'ind a 

method that will enable the chain to be extended indefinitely. 

In the preparation of cyelobutane spiranes two general 

methods have proved of considerable value. Briefly, they are: (1) 

condensation of sodiomalonic esters with substituted trimethylene 

halides; and (2) dimeri7,B.tion of ketenes . In the study of method (1), 

the preparation of the starting materials, the finding of the optimum 



eondition for ring formation, and the conversion of the products 

into star·ting mat rial~ £or the next step have made up the three 

phases of the present wo~k. 

fhe seeond method will be consiqered tirst briefly; since 

it is not the author• s \10:rk and will be reported at length else

where (29). The scheme is shotm below applied to the problem of 

building up polysp:lrane meleeulese 

Tb starting material can be a eyoloalkane diearbolcy"lic acid di• 

ester (if it is available) in which case<.R)ean represent oyclo

butane, oyclohexane, ete. O:i' it may itself be a spirane diaeid1 

such as Feeht's spiro-(,;,3),...heptan.-216.diearbo:xylie acid. At this 

date three eases have been studied (see above). 

l. ◊-com 

2. 0 --cooa ~~ 

;. ROaC -()()- CO:t1 ---=, ROz4 <XXXx> eo~ 

The reduetion step is the eritical one. A Raney nickel desulfuri• 

zation of an intermediate thioketal has been successful in cases (1) 



and (2) 1 and in case (1) the Wolf'f- Kishner method is lmown to be 

applicable. The synthesis of eleven and twenty-three ring - contain• 

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, etc. , ring spiranes would be obtainable from oyclo

al.lrene diacids; only five, eleven, twenty-three, etc. ring spiranes 

from an initial monospirane diacid. 

The second method is completely general. It can be outlined 

as follows: 

~ ~ OOOR 

/v"- oooR 

If the starting material is trimethylene bromide, . the reactions will 

result in adding on€ eyclobutane ring at a time •. If the starting 

material is pentaerythrityl tetra.bromide, two cyolobutane ri11gs will 

be added eaeh time. 

In both methods the final step to a parent hydrocarbon is the 

replacement of the carboxyl groups by hydrogen. This ean 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. 



In the process of this research we have successfully made 

1,1-dimethylcyclobutane from 1,1-dicarbethoxyeyclobutane by 

lithium aluminum hydride reduction, and have converted this glycol 

to the ditosylate, which was then reacted with roalonie ester to give 

the diester of spiro-(3,3)-heptane-2,2.-.dicarboxy1ie aeid. The di• 

acid was readily decarboxylata!t to the monoaeid, which was, by 

use of the Hunsdiecker technique, converted to the brcmfude. The 

hydrocarbon was obt ained from the bromide by eatalytic hydrogena

tion at atmospheric pressure, in alkaline solution. The physical 

properti es, including the infra-red spectrum,of. the hydrocarbon 

were determined, and were found to be pr actically identical with 

those of the spiro-(3,3)-heptane prepared from the Fecht acid by 

Dr. Fwjimoto. The overall yield from trimethylene br omide was only 

2.3%, Yith the quantities used, but t he yield of ()<) (C00Et)2 

from ◊ (C00Et )
2 

wa~ 28.5%. That is, one eyclobutane ring ean be 

added to a spirane chain by t hi s method with an expected yield of 

Experimental Observations 

The preparation of 1,1-d.icarbethoxycyelobutane has been de

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

by Cason (.30). In addition to the standard preparation from tri• 

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 t he yield was fair (25% as 

compared with 35.,..37% from t he bromide under the usual conditions). 



The glycol, 1,1-dimethyloleyclobutane, has been reported 

only once previously (Jl), made by a Bouvea:ult•Blanc reduction of 

the l,l.diester, from whieh it was a minor produet (10%) with 

met hyloleyelobuta.ne the principal product. Lithium aluminum 

hydride reduction of the l,l-diester gave 81% of the desired glycol. 

The product is extremely soluble in water and very hygroscopic, 

however it could be extracted with ether from a concantrated salt 

solution made by adding sodium chloride to the sulfuric acid solu

tion obtained in the working up of the lithium aluminum hydride 

reduction product. The gl ycol, as obtained under ordinary eondi• 

tions, is a viscous liquid, vhieh can be purifed to yield a low

melting solid. The ditosylate of this is easily made by reaction 

at o0 of tosyl chloride and the glycol in pyridine. It is a white 

crystalline materi.al, obtainable in 91.$ yield from the gl.ycol. 

Several efferts were made to obtain the 1,-l-dibromomethyl• 

cyclobutane, but with no suacess. Although successful reaction 

of 2~2-dimethylolpropa.ne (.32), l,l-dimeth.7lolcyclopr,opane (22) 
( 15) 

and 1,1..dimeth,vlolcyclohexanefith phosphorus tribromide have been 

reported, all efforts to earry out this reaction, or the correspond

ing one with thionyl bromide resulted only in tarry masses . Re. 

action with 60% hydrogen bromide in a sealed tube at 25°, using 

acetic acid as solventJled to a dark-blue mater:i.al which lost 

hydrogen bromide spontaneously and gave rise to a monobromide of 

uncertain constitution. A pierate made from the reaction product 

of this monobromide and trimethylamine (a. very slow reaction) gave 

analytical figures in agreement wit h the composition G15H2off407, 



which possibly indicates rearrangement to a compound of structure 

. (X) • 

X 

The exchange reaction of sodium bromide with the glycol ditosylate 

was tried in diethylene glyeol and in diethylene glycol dimethyl 

ether, but only decomposition resulted. Evidently the resultant 

dibrornide, if formed at al l , is unstable. It is interesting to 

note that 1, 1-dimethylol eyclohexane ditosyl ate undergoes the ex

change readily· ( 29). However, several examples of rearrangements 

of cyclobutyl carbinols under acid eo11ditions have been reported. 

Since the dibromide was not available, the condensation of 

the ditosyla·te wit,h sodiomalonie esters was attempted. (Bralber, 

Pribyl and Lott {35) have reported the successful formation of di

subs·t;i tut,ed malonates from the t.osylate of cyclobutyl carbinol 

and substituted malonic esters in 18- 8?% yields . ) The reaction 

was successful in thls case also, giving 34,%(-with diethyl malonate) 

and J8%(wi.th di-isoamyl ma.lonate) of somewhat impure spiro-(.3, 3)

heptane.-212-dicarboxylic acid esters . 

The impure diester ~as saponified and gave 58% of pure 

crystalline dia.eid. The diacid was decarboxylated by heat:1.ng to 

200° and gave a 95% yield of liquid monoacid. The silver salt of 

this monoacid, after drying thoroughly, was reacted with bromine 

in carbon tetrachloride at 10°, under which conditions deca.rbo:JWlation 

took place slowly to give 2-bromospiro-(3, 3)• heptane. 
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The monobronrl.de • by use of a catalytic hydrogenation method. 

dese~i'bed b-,r PreJ.og and Sei1-1e:rth (36) to reduce 1,3.a.ibromoa.da111antane 

to the hydrocarbon, took up 90~ of' the theoretiesl amount of hyd.rogen and 

gave rise to a ;r/o yield of the spirane hydrocarbon. The infra-red 

absorption of .0.3 and .1 mm. layers of the material in similar oells 

are shown in Figure 1 • 

. Es;:1mental Procedptes. * 

la.J.•~jcar,.~tho;;ycyclobutane 1 

I. (37) Sodium (176 g., 7.6 moles) wa.s d.issolved in ) 1. of 

absolute ethanol :tn a five•liter ; three-:neeked f'laek fitted 't,75.th a 

.· "trut>ore•" half""moon stirrer and t-wo 1~fltos; condensers topped by calcium 

chloride drying tubas. Eli Lilly and Clo. diethyl malonate (f:lJ7 g., 

3.8 moles) was :poured in and tlle mixture stirred for a few minutes. 

To the waµu (50 .. 60°) solution was added through a dropping funnel 'Which 

had been put in place of' one of the condensers, 768 g. (.3.8 moles) of 

&atnum Kodak Go. \ihi te label t-rimethylene bromide, over about a ten 

minute period. The reaetion mh.rture war.med to about 75°. The flask was 

heated on the stee.m bat.'1-J about two hours, with stirring. Sod:hm bromide 

precipitated after about -tt.10 to t.11.ree minutes. The condenser is replaeed 

trl.th a takeoff' head and ethanol was stripped off at a.bout 100 mm. pres .. 

sure. When ethanol had praotically ceased to eome off, heating was dis

continued end the mixture was cooled. The insoluble organic layer was 

washed once with water in a separatory funnel, and the water i.raahed once 

. ~ -- - -- . - - - ~ - -- .. -- - - - - - - - - - - - - - -- - - - -
*Analyses by Dr. A. Elek, Ios A."lgeles. Unless otherwise noted, 

melting points are uncorrected. 



lf,ith ether. The ◊rga.-rrl.a l~ers were oombined and dr5.ed with calcium 

iQb1,oride. The ether was si;ripped off .!md t.h.e pt-oduot, was distilled• 

,~ d:tbro:n:tlde was recovered { ca.. 20 g,.) • some diethyl malonate 

l•·• 40 g.), and the desired procluct was eolleet0d at 64 .. t/0° at 1.; mm. 

The yield vas 34 .... aj(, ca. 2;0.70 g. 1 ~ 5 1.4.32. I:f' the recovered eth

._1, nialonate and dibromde are used in a subsequent run the yield can 

be reised about 5%. 

t:r. Sodium (4.6 g., 0.2 mole) was dissolved in lOO ml. of 

absolute ethanol, then• while the solution was refluxed, 16 g. (O.l 

lllt>le) of diethyl Jna.lone.te and ;a.l~ g. (0.1 mole) of trimethylene tosylate 

(38); m.p. 92•3°,mixed with 100 ml .• of' absolute ethanol, were added through 

the eondenser. After addition, ref'lUY..ing was continued for fou.r hours. 

The contents or the flask were cooled to 10° and f'i.ltered. The sodium. 

tosylate• a.rter washing once with cold ethe.r..ol, we:tghad )7.5 g., ealeti• 

lated JS.8 g.; this salt was completely soluble in cold water• i.e,, no 

ll111"eacted tosylate. From t.he filtrate, ethanol w0,s removed through a. 

l.2• Vigreu.."" column at atmospheric preH3SUl"'e. The residue wa.s trans ... 

tarred to a Cla.isen flask a.nd distilled through 2" of glass helices. 

There was obtained 7,8 g. of diethyl ma.lonate, and 5 g. (257,:) of' product, 

b.p. 67-.8~/2 mm., ~ 5 1.431. 

III. (39). Sodium (2.3 g., 1.0 mole) was dissolved in 250 ml. 

of absolute ethanol, 160 g. (1.0 mole) of diethyl malonate uae next 

added and then finally 1;7.; g. (L,O mole) of trmethylene oh.lorobro-' • 

mide, b.p. 11+0•2e/760 mm., we.s added over a. period of ten mim.rtes at 

l 5--20° with cooling. The flask was slowly heated to 70° over a period 

of' two hours and maintained at 70 ° for tl.vo additional hours. A solution 

or 23 g. (1.0 mole)of sodium in J25 ml. of absolute ethanol was then 
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added, using suction, through the dropping funnel. The flask-contents 

were heated to reflux and maintained at this te.~perature for four 

hours. The m.i.xture was worked up as in I; yi E1ld 94 g. (41,%) 1 n~51.4325. 

i,1.I>imethylolcyclobu~w (cf. 40): 

l,1-Dicarbethoxycyclcbutane,(100 g., 0.5 mole), b.p. 67-8°/1.5 mm., 

~S 1.4.320, was dissolved in 100 ml. of dry ether (dried over sodium), 

and dropped into a solution o.f 22.8 g. (o.6 mole) of lithium aluminum 

hydride (Metal Hydrides Corp.) powder in. dry ether ( 600 Il'..l.), in .a 

two-li·l;er, three-necked flask equipped wi t.h a "tru-borerr half-moon 

stirrer and a reflux condenser topped with a calcium chloride tube 

and a dropping f'unnel. Addition was at such a rate that a slow re-

flux of ether was maintained even with good stirring and external 

ice-wnter cooling. About one hour sufficed for the addition. The 

reaction was very vigorous, especially initially. After t he eddi tion 

was c0111pleted the reaction mi xture was allowed to warm to room temper

ature. and was stirred for about fo:r-ty ... five minute1:1 . Then water 

(e.bout 20 ml.) we.s added cautiously through the dr opping f unnel, 

with ex'l:,ernal cooling. Then enough 25% sulfuric acid was added to 

make t he solution acid t o congo red paper, again with cooling. There 

was a volw.inous precipitate of lithium and altuninum basic sulfates. 

About 50 g .. of sodium chloride was adrled and the mixture stirred to 

dissolve as much as possible. The ether was then siphoned off, 

500 ml. more added and this procedure was repeated twice, g:i.ving a 

total volume cf about two liters of' ether. The ether solution was 

stripped o.f' solvent on the steam bath and t.he v1.scous r esidue was 



put into a Claisen flask and distilled. Water -was taken off up to 

fOo/1 mm.; then some traces of unchanged ester came off at about 

C 0 0~ 60 '/1 mm.; and product was taken off at 80 .2 1 .z. mm. The yield was 

. 25 . 0 ( ) Sl.9%, I1i) 1.4781, m.p. 32.5-33.5 corr., after recrystallization 

from. isopropyl ether at o0
• 

,Anal. Calcd. for C6H16o2: C, 62.02; H, 10.43. Found: 

G1 61.91; H, 10.48. 

An alternative procedure for working up the lithium aluminum 

hydride reducti on product was to bring the salt solution after the 

initial addition of water to pH 4 with hydrochloric e.cid and then to 

evaporate to dryness with s stream of air on the steam be.th. The re,. 

su.ltant moist salts were extracted with boiLlng ethanol tvo or three 

times. The combined extracts were t hen distilled as above. 'l•he 

yield ,,,as approximately the same. 

Dij,osyle.tt .2t: J.,.,1-.P.imetby:lolc:vclobutane: 

1,l-Dimethylolcyclobutane (116 g., O.l mole) was dissolved in 

70 ml. of Merck reagent pyridine a:nd the solution was cooled to o0 

in a large-mouthed Erlenmeyer flask. Recrystallized p-toluenesulfonyl 

chloride (45.5 g., 0.22 mole), (Eastman Kodak Co. white label, re

crystallized from ligroin, discarding insoluble material) was added 

portionwise over about one-half hour with stirring. Pyridine hydro

chloride precipitated after about five to ten minutes. The mixture 

was allowed to stir and warm to room temperature overnight. Ten 

miD.ili ters of vater was added to destroy any excess aulf'onyl chloride 

and the mixture was allowed to stir for one-half hour. Finally it 
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_. poured into 500 ml. of cold Yater; after a rev minutes the 

-~oduct crystallized out. It was filtered off and dried, yiEild 
• ; 0 

;, .f• (94%), m.p. 82-92 • This material was recrystallized from 

"!()JJS% ethanol giving an 85% recovery of pure ditosylate, m.p. 92-3°. 

Anal. Calcd. tor c20n24o6s2s C, 56.60; H, 5.66 • Found: 

C, S6.75J H, 5.76. 

~.;t.-iePibromomethylcvclobutane; 
l• 1,1-Dir.lethylolcyclobutane was mixed at o0

, accordine to 

Whitmore (32), vi.th phosphor-us tribromide. At this temperature no 

reaction occurred. On heating to 10-15° an explosive reaction took 

place and insoluble tar 'i.-!e,s produced. An attempt was made to carry 

out this reaction at 60°, and again only insoluble tars were found • 

.ll• 1,1-Dimethylolcyelobutane (11.6 g., 0.1 mole), /41.6 g. 

(0.2 mole) of thionyl bromide and 100 rul. of' pyridine were mixed and 

the resultant product allo\1ed to stand overnight at room temperature. 

0 After removal of the rt>..maining t.hionyl bromide at 50 , only a dark 

brown, totally insoluble polymer::c tar was left. 

III. Sodium bromide (10 g., o.os mole) was suspended in re

distilled Eastman Kodak Co. white label dieth,ylene gl ycol und the 

0 suspension heated to 135-1.40 • Ditos:rlate of 1,1-dimethy:J.olcyclo-

butane (16.9 g. 0.04 mole) was added portiomrise. The mixture turned 

black after about ten minutes; heating was continued for three to 

four hours. The product "W"as poured into vater and axtracted with 

carbon tetrachloride. The extract, after removal of' solve.nt was 

di3tillsd in vacuo yielding u fraction, b.p. ca. 40°/75 mm., 



4~11.20, »;' 1.44. Obviously this material is too low-boiling and 
,- 4 . .. 

~co lov in molecular refraction to be the desired dibro:mi.de; it may 

be• 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 

(,cile~omposition of the solvent occurred using diethylene glycol) but 

v.tthoutsuoeess. 

l!, An approximately 60% hydrobromic acid solution, obtained 

'by .saturating 100 ml. of water at -5° with gaseous hydrogen bromide, 

• val3 placed in a relatively thin-walled pyi~~.x am.pule. There was 

added 11.6 g. (0.1 mole) of glycol and, aftt~r sealing) the ampule was 

· allowed to rise slowly to room temperature. After about one hour a 

$ocond phase had developed, which reached its ma::dm.um volume in about 

twanty-f'our hours. At i..he end of this time, this oily top-layer was 

l,,ro,;.m in co1or;i after forty-•eight hours it was blue-black. The 

ampulf:.l 1.Ja.s cooled ;;ma opened and the contents extracted with carbon 

totrnchlo:dde. The extract was washoo with bicarbonate solution and 

with water and the stlll deeply eolored solutlon was dried with mag

nesium sulf~te. The solution epparaTJ.tly loses hydrogen bromide 

spontaneously; tt was dlst:tlled taking off solvent at at.mopheric pres

sure. The 1t1aterlal collected at 83-6° at 10 mm. weigherl 10 g. (41%); 

a second fraction which later solidified, b. p. 95,i.lOS0 /1 mm., was 

also obtained. Tht~ above 10 g. 1~re.ction lost h,y-drogen bromide spon• 

taneously on standing and was partially converted to a dark tar. On 

redistillation after two months all apparently homogeneous monobromide, 

') ') 01 Je~5 g., b.p. 39•41 l mm., was obtained. Based on the slow reaction 



ot this material with trimethylamine, and an analysis of a picrate, 
' ' • 0 ••P• 132-3 1 formed from the product of this reaction, (Calcd. for 

"1sH2o''407, c, 48.8; H, 'J.1./:>. F'ounih c, 49.0; H, 5.38) it was 

.. ,umed to be a vinyl bromide formed by rearrangement, possibly to 

l.~omo :.-1-bromomethylcyclopentane, with subsequen·t loss of hydrogen 

brGlide. 

IP:\r9::\l,Jl•beuMAAe--Z,2::dicgrbora,io ~ ~; 

After dissolving 68 g. (J.O moles) of sodium in two liters of 

J.s()l,l]t81llY'l alcohol (redistilled Eastman Kodak Co. practical grade) 

1n a five-liter, three,,.necked-flask i'it·t;ed wi·t;h a "tru-bore" half• 

moon stirrer and a total-reflux, variable-takeoff' condenser, 2.32 g. 

(1 •. 45 moles) ot F.:li Lilly and Go. diethyl malonate was added. The 

flask and contents were heated, taking of£ ethanol for about two 

hours at a slov rate, until the temperature at the head reached 

130°; the tot,al amoun·t ·t.aken off was about 300 .ml. Hext there vas 

added 526 g. (l.25 moles) of ditosylate of 1,1-dimethylolcyclobutane 

through a third neck while the malonate solution Yas maint~ined at 
0 

about 100 • The mixture was refluxed wi·th stirring for forty-two 

hours, then cooled and filtered to separate the sodium tosylate 

precipitate. The filt rate was stripped oi' lso-,.amyl alcohol on the 

steam bath at 20 mm. dowr1 to a total volume of about 400-500 ml. and 

tbe residue was cooled and washed with water. The wash water was 

extracted once vith ether and the extract added to the organic phase 

and the ether solution was dried with magnesium sulfate. On distil

lation, alcohol, etc. came off up to 110°/15 mm., then about 70 g. 

of recovered malonate, etc. up to 110°/1 mm. A good middle cut of 



«l~UOUIY'l spiro-(3,3}-heptane-2,2-dicarboxylate was taken at 

U)l!,,SQ/1 mm., 153 g. (37.6%), ~; 1.4770, dzs 0.980. 

_.i. 0$3.cd. for c19H32o 
4 

c C, 70 • .31; H, 9.95. Found: 

CJ, "10.04; H, 10.30. 

This presumably pure material turned out, upon saponif'ication, 

\o t,e contaminated with· some ester or lactone of undetermined eonsti• 

t--ion. However, yields reported of the diacid and of the monoaoid 

,aj!e based upon assumption of 100% purity £or this material. 

lwSt:<l,Jl~beptane:&,2112vhmMs ~' 
Potassium hydroxide (56.o g., 1.0 mole) was dissolved in 500 ml. 

ot absolute ethanol. The solution was placed in a beaker, cooled to 

about r,o.60° and 81 g ( 0.25 mole) of the d1-isoamyl ester was poured 

1n with stirring. About thirty seconds after the addition was com

pleted the mixture set to a semi-solid mass, which was then heated 

in the steambath for forty-five minutes. The reaction mixture was 

cooled, filtered and the di-potassium salt was washed onoe with 

about ,00 ml. of absolute ethanol to remove any residual potassium 

hydroxide and also isoamyl alcohol. The salt was then dissolved 

in a minimum amount of water, and hydrochloric acid, diluted with 

enough water to dissolve all of the potassium chloride formed, 11118 

added with cooling. The solid diacid precipitated and was recrystallized 

from hot water. The yield, after recrystallir.ation, was 26.5 g. (57.6%), 
0 

m.p. 200-2 (dee.). The diacid crystallized from hot water 1n pure 

white ziggurat-shaped crystal agglomerations, pyraniJ.ds of square 



bloeks of decreasing size with a squat·e hEJle :tn the center of each; 

except for the top block, which is solid. 

Anal. Oalcd. to'J! O,/rl1204t e; __ ,,, H, 6.49. Feundt 

e, ;s.69; H, 6.ss. 

'fhe p.bx-ouphenacyl ester af this diaeid was made by .the re

action of th$ sodium salt and p.~omophenacyl ~mnide in dilute 

ethmaol. It. wu :recrystallized from 7&fo ethanol, m.p. 14().5-141° 

(con.). 

Anal •. Ca.led. for c2,H2,_f-J6D-r2: e., S2,10; H, :;.s,. Ft1.nmclc 

G1 j~.17; H1 3.96. 

An oily layer was netieed upon acidific,,ation of the solid 

pc,tassium salts. This was originally e.ssumed to be the monoae1d,, 

:resulting from pai-tial d•edboxylation, but subsequent atu~y of its 

:reactions and phys:t,cal propaties provt!ld it nQt to be, although it 

ha,a e.ppreximatelJr the same boiling point and is aeidie. Its const1• 

tut.ion has not been determined, 

s pizg:;:( ,. , l•hfflWfA.M:edH bQJYJJ.q AsA: 

A 20.5 g. (0.11 mole) portion or the above dicarb~:Uc acid 

was heated at 20,;0 for fifteen minutes, until carbon dioxide evelu. 

tion had ceased. The product was distilled at reduced pressure 

through a one-inch helix-pa.eked column; there was eolleeted 14.4 g. 

{9S% yield) of monocarboxyllc aoid1 m.p. 22.,,-.2·,l' (eo?T.), b.p. 

79.';40.o•/1 mm., ~ 51.4657, af51.042, M.R. IS ealculatedi 37,2SJ 

foundi 3'7.22. 



Anal. Calcd. for C8Hi2o2, C, 68.52J H, 8.64. Found: 

o, oe.so; H, s.65. 

The &nilide of thit acid was made by heating the acid with ani

line at 170~ tor two hours, m.p. 125•6~. 

Anal. Calcd. for o14Hi7oN: C, 78.lJ H, 7.91. Foundc 

C; 78.05; H, 7.86. 

g-BromosJ?iro,,,., 3, 3 )-heptg t (cf. 41) 

Potaasium hydroxide (6 g., 0.11 .mole) in 30 ml. of water was 

added to 1.3.2, g. (o.or;s mole) Qf apiro-(J,:;)-heptane-2-earboxylie 

acid until a pH of 7 wae reaehed. The resulting solution of potas

sium salt, diluted to 7S ml•; was added slowly to a vigorously stirred 

solution of 17 g. (O.l mole) ot reagent grpe silver nitra,te in 200 ml. 

of water, The white preeipitate was centrifuged off, washed once 

each with water• methanol; acetone,~ ether and dried overnig~ 

at 25° e.t the vacuum of a Cenco Hyvac pump. Before uaing the sil"Ver 

salt, it was ground, put in the vessel in which it was to be used, 

and dried in vacuo to eonatant •ight. The yield watt 24 g. (ca. 

Merek reagent bromide, (16 f•t 0.1 mole), which had been washed 

with eoneentrated sulfuric acid and filtered through a filter bed of 

phosphorus pentoxide, was dissolved 1n l:SO ml .. of dry carbon tetre,

ehloride (dried by distillation and standing over •drierite") in 

a 300 rnJ.., three-necked, standard-tapered flask, equipped with 

"t:rubore• hall-.moon ttirrer, end bulb,.type :t"efl~ cond!'mser. Before 

turning en the water in the condenser, the solution was heated until 

some of it boiled out of the top of the eondenser, thus eliminating 



the last traces of water f'rom the apparatus. The condenser was 

fitted with a calcium chloride tube and a bubble-eounter, and the 

cooling•water was turned on. The 50 ml. round-bottomed flask conta~.-. 

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 9~ 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 bicarbonate solution, and dried with magnesium 

sulfate. Carbon tetrachloride was removed by distillation through a 

six•ineh helix-packed column and the residue was distilled from a 

Claisen flask vri th a one-inch helix column. There was obtained 

7.5 g. (43%) 

-38 to -.36°, 

of monobromide, b. p. 59. 5...60. 5° /14 mm., 
25 25 no 1.4935, da 1.334. 

m.p. (macro), 

Anal. Calcd. for C,,tt11Br: C, 48.00; H, 6.34. Found: C, 48.4; 

H, 6.5.3. 

~~iro-(3,J)-heptane: (cf, 36). 

The solution prepared by dissolving 1.9 g. (0.08 mole) of clean 

sodium in 25 ml. of special reagent gr~de methanol (distilled from 
0 

magnesium)in a 125 ml. centrifuge tube was cooled to O, and there vas 

added 7 g. (0.04 mole) of spiroheptyl bromide and three grams of 
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freshly prepared Raney nickel (Adkin•_• W..()) in three to four ml. of 

methanol. The tube was connected to an atmosphe.ric pressure hydrogens.• 

tion apparatus and put in a shaker. Before Shaking, the air sp~ce 

above the reaction mixture was evacuated and filled with hydr~en. 

It w~s found that the reaction vessel became noticeably warm upon shak

ing, so occasionally during the first part of the reaction the sha~er 

was st.opped and the vessel cooled wi·fjh ice-water. The ree,otion tem.~r

ature never exceeded !.,f)
0

• In the first forty minutes 480 tnl. of hy

drogen were taken up (roughly 50% of t heory) and a total of·S-40 ml. 

(90.5%) in three hours and twenty mj_nutes, by which time the tJptake 

had practically cea.sed. 

The catalyst was centrifuged off and washed with methanol. 

The combined methanol solutions were distilled and a binary mixture of 

methanol and the hydrocarbon, boiling at 56.5-8°, 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 crone to the top u::..j ;.;t,;.s separated. The water 

phase was extracted with alcohol•free ether and the combined oily 

phases were dried with calcium chloride. The ether was taken off up 
0 0 

to 45 and nothing else came aver up to 91.75. Ninety per-cent of the 

distillate boiled in the range 93.5-93.75°/750 mm. and there was no 

higher boiling fraction. The yield was 2.12 grams, 57.3% of theory; 

nB' 1.4331, df5 0.816; M.R. 25 calculated: 31.10; Found: 30.61. 

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

25 25 . 25 ) heptane, n0 1.4.323, d
4 

0.797, M.R. found: 31.30. 



The · infra....red spectra of this compound and • that of Fuj.imoto 

were measured and compared. They were found to be so similar that, 

to avoidrepet.ition, only the curve obtained with the sample de

scribed here is illustrated. (Figure 1.) 

Sgnary1 

1, Spiro--(31 3)•heptane has been made and a few of its phys!. 

cal properties determined. The synthesis was accomplished via 

111«1.iearbetho:xyoyclobutane, 111..dimethylolcyclobutane, and the new 

etlI!lpounds spiro-(3,3)•heptane.-212wdicarboxylic acid1 the correspond• 

ing monocarbo:xyllc acid and 2.bromospiro-(.3. 3 ).•heptane. 

2. Gyelobutane r:lnga. have been made by the reaction ot tri• 

methylene glycol tosylates and sodiomalonic esters. 

3. A general method and an experimental teehnique for making 

polyspirocyclo'butanes a:re described. 
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l 'ART II 

THE HUNSDIECKER DEGRADATI ON OF CAP...BOXYLIC ACIDS 

The designation 1tHunsdiecker degradation" has been given to 

the reaction 

RCOO- Ag + x2 --+ RX+ AgX + CO
2 

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 

ROOO- Ag + XY --'P RY + AgX + CO2• 

The metal may be any of several or the alkali metals, silver, 

mercury or thallium (I). In the eases studied to date, X has been 

a halogen ion carrying a positive charge, and Ya negative ion or 

radical. Examples in addition to the halogens, are ICi (l) and 

ClCN (2). Research is also in progress in this laboratory on the 

cases in which XY is NOOl and N02Cl. 

Variation in the R-group presents possibilities that have 

not yet been investigated widely. The researches of Hunsdiecker, 

Hunsdiecker and Vogt that led to their basic patent (.3) in 19.37 

and the full report that followed in 1942 (4) constitute the only 

ieneral studies yet made. In these they described the reaction of 



several types of substituted silver allcy'lcarboxylates with bromine 

and chlorine. It has been the purpose 0£ this research to extend 

our lDlderatand!ng of the reaction and to find in what ways it can 

be appropriately used for the synthesis or various types ot allql 

bromides. 

Following the report of Peligot 1n 1836 (s) that silver benao,. 

ate, when treated with bromine, gives rise to meta.bromoben10ic 

acid, the early- investigators expected that silver alkyloarboxyl• 

ates would produce o( -bromoaeids on similar treatment. Therefore, 

when such a famous investigator as Kekul• (6), 1n 1861, was unsuc

cessful 1n brominating sucoinic acid by this teehnique, not much 

attention was given to Borodin••• (7) report 1n the same year that 

propyl bromide vas obtained from silver butyrate and metl\vl brardde 

from silver acetate. The following year Schutsenberger J."epor-ted 

that iodine monochloricte with silver acetate gave silver iodide and 

metey-1 chloride, but the significance of the ebservation was not 

grasped at that time. 

It remained tor Simonin! (S), 1n the 1890'•• to d.velop the 

first workable technique for carrying out the reaction that is com

monly referred to by his name. He discovered that 1n a considerable 

number 0£ oases iodine would react with silver alleylcarbo.xylates 

to form quite stable complex••• which in turn could be relatively 

easily decomposed, by heating to 100°, to give the alkyl alkyl• 

carboxylate, by a loss of one molecule ot carbon dioxide trm 



two molecules of silver salt. 

2RC00Ag + I 2 RCOOR + 2Ag! + CO2 

The ester eould be transformed by standard methods to yield some 

of the starting acid, RCOOH, and the alcohol, ROH, which in turn 

could be converted to the alkyl halide. This method provided a 

fair conversion i'rom a given acid to a product containing one less 

carbon atom. 

Birnbaum and Gaier (9) had attempted somewhat earlier to 

ca;r:ry- out this type of degradation, but their interes·t was in di

basic acids and since their technique involved rather extreme con

ditions, they isolated a miscellany of dehydration, decarboxyla• 

tion and substitution products. Further studies of Birnbaum (10) 

carried out at the time of Sitnonini•s work, dealt with aromatic 

acids,. which, under the conditions used, underwent for the most 

part substitution in the aro:01atie ring. 

The Simon!JU reaction has been the subject or a eonsider ... 

able amount of :research and speculatien (11). The initial product 
0 

0£ the reaetion between a. s :tlver salt and i+Odine at 80 oi· below 

is an ether-soluble complex containing silver, iodine and acylo:xy 

radicals in varying proportions,. In the simple ease of lower 

members of the aliphatic series the predominant species is (RC00)2AgI. 

There are other va:rieties of this type of intermediate present also, 

the amounts of which vary with the eharaoter of R and the temperature 

(12, (13). If excess iodine be present, a silver~free eomplex is 

formed, which has been described$~ (RCOo)3r. The species mentioned 



are isolable and are stable under anhydrous conditions for a con• 

siderable period of time. They react with water, regenerating the 

original aeid. With excess of iodine at 80-120°, carbon dioxide 

is lost and the principal product is the alkyl iodide, although 

some ester is always produced. On the other hand, the silver con• 

taining eomplex is soluble in inert organic solvents and is re

latively stable in solution up to about 80°. Above this temperature 

decomposition gives rise to 50-70% of the ester, RCOOR., {IDd usually 

to some of the starting acid. Dibasie acids under these same eon• 

ditions (14) can give rise to lactones as a princlpal product, 

with anhydride formation in some oases where steric factors lessen 

the likalihood of lactonization. 

lt is interesting to note in this connection that in lactone 

formation from dibasie acids with substitution on only one ""•carbon, 

the earboxyl group is lost preferentially from th,e secondary carbon 

atom. Windaus and Klanhardt (14) report that <><-. -ethylglutaric 

acid gives only ~ •caprolactone, and not o< -ethyl- o •butyrolaetone. 

The decomposition of the intermediate complex is evidently 

almost completely a displacement reaction in the ordinary case. 

Wieland and Fisher (12) decomposed the silver•iodide-oontaining 

complexes of types such as triphenylacetic acid, reasoning that the 

intermediate triphenylmethyl radical, or triphenylaceto:xy radical, 

if' such were produced, would either be visible or give rise to 

oharacteristic reaction products . They could find no sign of free

radical intermediates, tripbenylm.ethyl triphenylacetate being pro

duced in good yield. Similarly, Oldham and Ublrelohde {13) conducted 

a seareh for free-radical dimerization products• i.e., R-R and 
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(RC00)2, but were able to isolate neither. Even though a• radi

cals would probably have too short a life to meet another R• and 

form the doubled hydrocarbon, it was demonstrated. that the ROoo• 

radioals mider 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-eontaining molecules, of 

structure related to the Simonini complexes, uere investigated by 

Birckenbach and coworkers (15), (16). They found that the reaction 

AgY + I2 ~ Ag! + IY ( or II 
3

) was quite a general one, and 

that compounds could be formed not only vhere Y-=- RCOO, but also 

when Y = CNO, CN, I0.3' N0
2

, etc., giving a variety of interesting 

reagents. Birckenbach's group and Prevost (17), (18), with his co

workers, almost simult•eoualy, found that these iodine complexes, 

in which iodine acts as a positive ion., would add to olei'inic 

double bonds very rapidly even at -so0
• Birckenbach investigated 

the addition to cyolohexene of the non-organic type preponderant:ly 

and his work will not be discussed further here. Prevost•s re

searches vere devoted to those complexes containing aeyloxy groups. 

He found that in the presence 0£ a minimum amount of the silver 

iodide complex the addition to ethylenio bonds gave predominantly 

the iodohydrin ester adduct, but 'With an excess or the complex the 

iodine was displaced giving a glyool diester. This proved to be a 

good method for the synthesis of othendse difficultly accessible 

glycols and their derivatives, such as 1,2-dihydroxybutene-3. 
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The discovery that iodine 1n these complexes acted like a 

positive ion - that it would, tor example, react wit}ir silver methyl

acetylide to give the iodine-substitution product, l•iodopropyne -

led Prevost to investigate the properties of the corresponding 

d·erivatives containing the other halogens to see if they, too, con .... 

tained positive halogen. He found that they behaved in a very simi• 

lar way, but that they contained no silver. He formulated them as 

RC00Br and RC00Cl, a view which is generally accepted todq. They, 

too, e.dd to olefins and react Yi.th alkynes as do the iodine complexes, 

but they are mueh more reactive and unstable, and decompose readily, 

even at fairly low temperatures. 

Boek"111Uller and Hoffmann (19) investieated the kinetics of the 

decomposition of the compounds formecl by the reaction between 

silver alkylcarboxylates and bromine or chlorine. Their major 

thesis was that organic hypohalogenites play an important p~ in 

man.y reactions. The addition of chlorine to allyl chloride in 

acetic aeid, for example, gives lt2-dichloro-3.acetoxypropane., ac

cording to them, through an aeyl hy'pochlorite intermediate. They 

stated that these aeyl bypohalogenites are more reactive than the 

free halogens; a statement born ou,t by the l'eMtion of RCOOBr 

with chloroform to give triehlorobromomethane, 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. 

BoekemiUler and his coworker carried out studies o.f consider

able theoretical interest for the elucidation of the mechanism of 



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 eeuld be de

composed to give yields of the al.leyl bromide as high as 80%. A 

major side .. reaction ia the case of compounds that ean be easily 

substituted with bromine is the reaction of -the by-product hydrogen 

bromide with either the silver salt er the intermediate, removing 

it from the reaetion s phe:re. He noted the d.eeomposi tion of 

CHfOOB:r at o0
, giving rise to a 69% yield of methyl bromide. Silver 

adlpate ws rea:<~ted to give tetramethylene bromide, and silver benzo

ate gave 80% of the theoretical yield of bromob~.nze11e. 

The definitive work on the synthetic uses of this reaction 

was carried out by Hunsdieeker, Hunsdieeker and Vogt simultaneously 

II t wlth the work of Boekemfil.ler and aoff'mann. In a series of pa ents 

(3), (20).. (21), (22), and in an article in 1942 (4), the Ilunsdi~cker 

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 f t)rmed, are 

listed below: 

RCOOAg -t Br2 

RCHNH2COOAg 

RChrNH
2

CH
2

C00Ag 

~ RBr 

~ (RCHNH2Br) 

"--? RCIDUI;fHi3r 

RCHO 



RCHOHCOOAg 

PJlOOOOAg 

1\000 ( CFL) COO.Ag 
~ II 

R0$J+G00Ag 

amtOlOF1C1 (Qli2) I;, €J004g 

~ (RCHOHBt) 

--) RC.Dir 

--> RCHO 

~ ROOO-{ CH~) Bar, wh•e n ) .) 
11;.n 

---> RCBBt-
2 

--> ROH0l~Hll(OH2)6»~ 
They df)serib.e the use ot carbon disulfide and carbon tevachloride • 

as solvents, and the use of silve:v, mere~, thallous and potast:tium 

s$lta,.o£ the cids. The silver se.lts were found to b the best, 

deo001posing at the lowest temper$.tures and giving the smallest 

yield of ester by.products. It is unfortunate that most of this 

matex-ial is r•ported only in patents, eettain of the br~ade.r claims 

car,. only be aecepted after expewimental details have been presented 

in a publication 1n a ~eeognieed journal. 

There has been -a gr,eat «Ml ot cliscussion of the meehanism 

of the • Hunadieekff degradation, and the co!3$rOVersy ha,s not yet b~ea 

resolved• There · ie an impreSfilive array of evidence in favor of a 

scheme sueh aa that recently propesed by Areus,, Campbell and Kenyon 

(23), (24). 

and, 1n the case of free 'bl"omilne being presents 

Br-- + Br + 

Br+ + R...COO-Bt 

One of the lines of evidence in favOl" of this is based on the re3ults 



of the kinetics-study of Bockem.ul.ler (mentioned above), in which he 

found an order of reaction higher than first, and a very high sensi• 

tivity to light and heat• greater than that of a first order re

action. The second, and more conclusive, line 1$ that 0£ Arcus 

and his coworkers, who have reported inversion of configuration of 

optically active material in at lea.et two cases. While other ex

perimenters have reported only raeP..mization in such cases (25), (26), 

no contradiction is entailed, since Kenyon's group found that bromine 

in carbon tetrachloride in the presence of silver bromide would cause 

raeemization at a rapid rate. The labili ty of the carbon-carbon 

bond in the presence of these reagents has also been reported by 

Doering and Farber, (27}, who found, attempting a Hunsdieeker degra• 

dation of bicyclo(2,2,2)octane-2..carboxylic acid, that their product 

was 2•bromobieyclo(l,2,.3)oetane. Authentic 2-bromobieyclo(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 SE2 mechanism 

that has bean reported. 

On the other hand, there is some evidence that is impossible 

to reconcile with a mechanism involving a Walden inversion. One 

case of a Hunsdiecker degradation involving earboxyl groups located 

on bridgehead carbons has been reported by reliable investigators. 

Prelog and Seiwerth (28), degraded 1,3.diearboxyadamantane to the 

corresponding dibromide; in this case two bridgehead carbon atoms 

participated. The structure of the final product was well established. 



'Whether this :reaction proceeded through an ionic or a free radical 

meohanism cannot be said at this time, but it is not unlikely to 

suppose tha·c a B:r + ion can be formed ( they are included ill 

Kenyon I s sehem-e), and the bridgehead carbon, made highly negative 

by hyperci)nj ,ugation, ought to eject the negative COO very readil.1. 

That the COO loss takes place at a highly substituted carbon atom 

more readil y than at one not highly substituted is suggested by the 

work of Wind.ans a'ld Klanhardt (14) ( see above) ~nd also by the find• 

~9. 
ing of Cason and Wayythat during the degradation of cyolobutane-

carboxylle aei d, loss of carbon oecurs at •25°. In ·hls ~ork it 

·w£l!S also fom1,i tht.t an o<.-bl:•omoacid loses carbon dioxide more easily 

t han a p • br oT'loaoid. However , negative substituents, on the ~ •earbon 

atom would increase t he ease of deoarbo~lation by either mee,-1-. 

so a definite conclusion csnnot be reached from this. Price (,0) 

considers the degradati on a .free-radical reaction, but his scheme 

takes no account of the intermediate hypohalite, the e,d,:stenee of which 

is generally conceded by workers :tn the field-. Furthermore, the 'W'Ork 

ot '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-radical reaction, end 
wlth 

the similar results of the workers experimenting/the bromine con• 

taining intermediates, indicates that, if othel" than a displacement 

reaction is involved, it 1s probably an ionic dissociation into ar+ 

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 first-order reaction in the case of the 

highly substituted tertiary carbons of adamantane. 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 synthetic method. 

An idea of the scope of the reaction can be seen in the types of 

carboxylic acids that have ~een degraded to alkyl halides by the 

various workers, especially by Wieland and Fisher and by the 

Htmsdieckers. 

Many examples of polyfunctional molecules, including such 

varied types as aminoacids, hydro:xyacids, ketoacids, esteracids, 

dibasic acids, alieyclic acids, aromatic acids, and halogen-substi

tuted acids have been reported as undergoing this degradation sucees► 

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 1n a few cases where 

the resultant product is difficult of access by conventional methods 

(31). Also, in this work it was found that cyclobutane acids can 

tmdergo this decarboxylation smoothly and with good yields, while 

ordinary methods fail to yield the same products with equal ease 

because of the susceptibility of the four-ring to cleavage or 

rearrangement. This degradation, using the re.fined 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, vhioh oan them.selves be directly resolved only vith dif'fi• 

eulty. On the preparative side again, the easily available di• 

substituted malonic acids should, by means of this reaction, be 

readily convertible to dibromides, which, in turn, are easily trans

f'ormed into the corresponding ketones in good yields; ketones which 

may not be as easily accessible by other means of approach. It is 

important that a technique suited to the particular case be used; 

otherwise misleadi::..g results may be obtained (26), (27). 

The reaction may be varied also by the use of other than 

simple halogens, as suggested above. The use of' ICl has been 

mentioned (l)J cyanogen chloride has also been used (2) to give 

silver chloride and the corresponding cyanide. While this latter 

case may seem to have little practical value, it is certainly of 

considerable theoretical interest. The vm~ie~7 or pseudohalogens 

made by the group working with Birckenbach (15), (16), (see above), 

may Pf"OVe to be desirable reagents l~ading to an interesting variety 

of substituted organic molecules. An approach to this tield is only 

now being made. 

Purpose or this research, 
The original aim of this research was to find a practical 

means for the conversion of cyclobutanecarboxylic acids to the cor

responding bromides, 'With the intention of converting these bromides, 

in turn, into the hydrocarbons. Previous to the start of the vork 

described below, no good routes to cyclobutane and cyelobutene bad 



been described. Willst&tter1s preparations, (.32) (33), which were 

still generally in use, were lengthy and tedious and resulted in 

poor overall yields. Since the cyclobutane carboxylie acids are 

the most easily available of the four-ring derivatives, their degra

dation to the bromides, and subsequent reduction of theae, 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 cyclobutane rings is currently being undertaken 

by Dr. E. R. Buchman and his collaborators at this Institute (.34), 

(see Part I of this thesis). Spiro(J,J)heptane-2-carboxylic acid, 

spiro(.3,5)nonane-2.carboJcy"lic acid and spiro(.3,3)heptane-2,6-

dicarboxylic acid, were synthesized by this group, and a general 

method for the transformation of these and other polyspiranecarboxylic 

acids to the corresponding hydrocarbons vas needed. 

The synthesis of other difficultly accessible cyclolrutane 

derivatives may be facilitated by the Hunsdiecker degradation also. 

1,1-Dibromocyclobutane should result from the degradation of l,l• 

diearboxycyolobutane, a :l"eadily made material, and this dil:romide 

may serve as a source of cyelobutanone, through a hydrolysis such as 

is described below. Many projected schemes for the synthesis of 

cyclobutadiene involve the degradation of cyclobutanepolycarboxylic 

acids. Such degradations, previously tmknown, become feasible if a 

satisfactory technique for the application of the Hmisdiecker de

gradation oan be worked out. 



The degradation of one oZ-bromoacid and or one 819-dichloro

carboxyllc 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 

o( , (3 , o( , and & , positions could be successfully converted. to 

the dihaloalkanes in reasonable yields. It was somevhat doubtful 

whether or not this could be done, since the silver salts of some 

of these acids are commonly described as ,mstable under the condi• 

tions 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 wo:rk of previous investi-

gators with malonie, (9), succinic, (9), and glutaric, (12), (.35)., 

acids was carried out by the Simonini technique, in some cases ,mder 

very adverse conditions. A re-investigation seemed desirable. Sub

stituted malonic acids offer attractive routes to many different 

types of com.pounds, and thus have great synthetic interest. Sue• 

einic acids are of special interest too, since some of the common 

degradative methods that might be suggested as leading to ethylene 

bromides are not usable. (For example, ethylene diamine, f'ormed 

by a Curtius degradation of suecinic acid, eannot be transformed to 

ethylene bromide by the von Braun technique (36).) In. the cyclo

butane series no oonversion of 112-dicarboxycyelobutane to 1,2• 

dibromocyclobutane was known. (Although nitrosyl chloride will 

convert ethylene diamine to ethylene chloride, similar reagents cause 

rearrangements in the four-ring series.) 



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 limit to the use of the 

reaction. 

Besults 
The silver salts of the halogen-containing acids proved to 

be quite unstable, as had been expected. The silver salts of o<-, 

(?i, and & -bromoacids could be made successfully if tho temperature 

during their precipitation; drying and storage was kept below 10°, 

but the silver salt of o, c5 -dibromovaleric acid proved to be un

stable, even at o0, and could not be used. The reaction of the more 

stable of the above salts with l:romine in refluxing carbon tetra

chloride proved to give mostly lactones and polyesters, but reduction 

of the reaction temperature to o0 gave reasonable yield.a of the de

sired dibr:-omoalkanes. 

The silver s~lts or ethylmalanic acid and succinic acid 

underwent the Hunsdiecker degradatlon Yith a fair degree of success, 

also. A side-reaction, the simultaneous brcmi.natlon 0£ the of-., -carbon 

atom of the :malonic acid, gave, in addition, considerable quanti• 

ties of the tribrominated product, (37), (38). Trica.rboxynutane 

gave a low yield of tribromide; tetraca:eboxybutane gave no detectable 

amount of tetrabr:-omide. 

It was found that cyelobutaneca.rboxylic acids gave quite good 

yields of the corresponding brcmidee (beth cis and trans 11 2-dicarboxy

eyclobuts.ne gave trans-1,.2-dibromide) if the re.4)ction ue.s carried out 

at low temperatures. High temperatures led to cleavage of the four• 



ring on the side away from the substituents, giving straight-chain 

products. Extension of the low-temperature reaction to the spirane

carboxylic acids gave bromides from which spiro(3,.3)heptane and 

spiro(3,5)nonane were made. 

Expm:imental Findings 

a\ -Bromovaleric acid vas converted to its silver salt by 

mixing solutions of silver nitrate and of the ammonium salt of the 

acid at o0
• The salt was dried at o0 and converted to 1,1-d.ibromo

butane (.39), in 54% yield by reaction with bromine in carbon tetra

chloride at o0
• When the reaction was attempted in refluxing carbon 

tetrachloride, polyesters were the only product. The authenticity 

or the dibromide was established by converting it to but;yraldehyde 

which was characterized by the 21,4,-dinitrophenylhydrazone. Similarly, 

t3 -bromopropionic acid was transformed in 55% yield to ethylene 

bromide by reaction of the silver salt with bromine at o0
• At 25° 

silver ~ -bromopropionate spontaneously went over to @ -propio

lactone (identified as the thioureide (40) derivative) and silver 

bromide. 

Allylacetic acid (41), was made 1n 44% overall yield by re

acting allyl bromide with sodiomalonic ester and decarboxylating 

the resultant allylmalonic ester. Hydrogen bromide was added in 

the presence of peroxide to the allylacetic acid to give ~ --bromo

valerie acid (42), in 71% yield. The silver salt of this material 
0 

ws successfully made and dried at below 10, but on standing at 

25° it decomposed. Bromine was added to allylacetic acid to give 

t, S -dibromovaleric acid {43), in 59% yield. The silver salt 
0 of this material, even though handled with care and kept below 5 



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 o- and 

possibly not on the S -bromoacids. 

In an effort to see if allylacetic acid, the silver salt of 

whieh ·was easily made and proved to be stable, could be transformed 

in one ste~;l,2,4-tribromobutane, the bromine degrl(lation vas carried 

out with it. However, at the temperature used (75°} the only product 

of the reaction was bromolactone. 

Ethyl:m.alonic ester was converted to the disilver salt in 

practically quantitative yield. The silver salt ~as treated with 

bromine at o0 and 28% of the theoretical amount of 1,1-dibromo

propane was isolated from the reaction products. In addition, 25% 

of 1,1,l-tribromopropane was . found to be present, eaused by bromi

nation, presumably before decarboxylation, or the silver malonate. 

The products were identified by hydrolyzing off the bromine atoms; 

the first product ga.ve propionaldebyde {identified as the 2,4-

dinitrophenylhytlrazo:ne},the saeond gave propionic acid. It is 

thought that much better yield of dibromoalkane would be obtained 

from a disubstituted malonic acid. 

Succinic acid disilver salt was converted to ethylene bromide 

in 37% yield at o0 and at 60°. At 135° only polyesters were formed. 

1,2,4-Tricarboxybutane {45), at 75°, gave only small yields (ap-

proximately 4%) of the corresponding tribromide. Some bromolactones 

were also isolated. 112,.3,4-Tetracarboxybutane, using the same 

technique, gave no isolable amou..~t of l,2,3,4•tetrabromobutane. 



The 1,2,4-tr:i.carbo:xybutane mentioned above was produced by a 

nitric acid oxidation of l•vinylcyclohexene~J, donated for this :re• 

search by the Koppers Co. 'rhis reaction proceeded ve:rtJ smoothly, 

giving yields (62fa) comparable w:i.th those reported for a similar 

permangro1ate o7.idation {48), (70%), with much greater ease of handling. 

Trimethylene bromide and sodiomalonic ester were reacted and the 

product saponified and decarboA-ylated to give cyclobutanecarboxylic 

acid in 29% overall yield (cf. 49). The acid was converted to the 

silver salt in 98% yield, and this latter reacted with bromine at 10° 

to give 46% of the theoretical a.mount of cyclobutyl bromide. Origi• 

nally it was intended to convert the halide to cyclobutane by cata

lytic hydrogenation in alkaline solution at atmospheric pressure, but 

the appearance of an artfole by Cason and Way (29) reporting a similar 

series of reactions leading from cyclob-utane carboxylic acid to cyclo

bu.tane made unnecessary the carri.ring out of this last step. 

PreJ.:iF.inary at tempts to carry out the Hunsdiecker degradation on 

silver cyclobuta.necarboxylate gave rise to products other than those 

expected (cf. 29). When a bromine solution was added to a suspension 

of the silver salt at 25° the principal product (62% of theory) turned 

out to be the ester, cyclobutyl cyclobutaneca..rbozylate, previously re

ported by Dem,janow and Doja.renko (50), as the result of a Simonini 

degradation oi' t.he same acid. This ester was also prepared by the 

reaction of cyclobutyl bromide with silver cyclobutanecarbo:xylate and 

the two samples we:re shown to be identical. 
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Whmi the degradation was attempted at 75°, cleavage of the 

tour-ring took place and l , 2,4-tribromobutane ('46) , (47) ., was 1s► 

lated as the major product, in o,% yield. This material v-9 identified 

by compa:Jrison of its bsorption in the infra-l"ed with material made 

from 1,2,4 ... triaarboocy'bu.tane (see above) and with authentie Bl!lt~r!al 

made by the method of Par!sell• (47) . In addition, the 1.2,4,,,~!bromo

butane was comrerted. to allylaoetic acid by carbonation ot the Grigna:rd 

reagent produced by its reaction -with magnesium. ( ef. von Braun ( Sl)) J a 

crystalline derivative .of the allylaeetie acid was eempared with au

th~ntic mataial. 

Th$ silver· salts of the ois and trans eyclobutane-1,.2-diearbOlcy'lic 

acids (prepared according te the method of Fuson and ~e (52), (cf. SJ)), 

uere su.'bmi tted to ti-eatment with bromine in ca:rbon tetraehlez,ide at 

reflux temperature, and in each case the same di.bromide was isolated,. 

in almost identical yield (40.6% from the cis ae:id; 39.!li from. the 

trans aeid) . The dibromide was shown to have the trans configuration 

by comparison with authentic trans dibromide obtained from the bremi

nation of oyelobutene. The dibromide obtained via the H,m.sdiaeker 

reaction also eontsined a small amount er 11 4-d.ibromobutene.2. In 

order to purify the product., the crude dil'.lromide was dehalogenated with 

Sino in ethanol and the fractionated hydrocarbon rebrominated (i,eeovei-7 

66%) . In an attempt to reduce the 1,2.dibromoeyelobutane te cyclebutane,. 

a reduction in alkaline solut,ion using Raney niekel catalyst and hy

drog,e.n at •tJnospheric pressure vas carried out. However, only' 50% of 

the theory of hydrogen was absorbed, and the volatile p?"ed.uct eontained 

both cyelobutane and eyclobute.ne. 

The Hunsdieeker degradation of spiro(3,.3)heptane-2...c«.rboxylie acid 

whieh gave 2•bromos,u-o(3,:3)heptane in 46% yield is reported 1n Part One 

of this Thesis. 
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Experimenti,1, Procedu;:g* 

Degradation of' ex. •bromovaler;;Lo mg ~ ;i., l:::dim:gmobutanu (er. ( 54)). 

It was discovered in making salts of halogen-containing acids 

that considerable care must be exercised. to keept the salt from lac

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. 

o(-Bromovaleric acid (0.132 mole, 24.0 g.) Eastman Kodak Co. white 
0 . 

label, redistilled, ws cooled to O and mixed with 50 ml. of ice-water, 
0 Three normal ammonium hydroxide solution, also at O, was added until 

a pH of 7 was reached. The ammonium salt solution waa poured in a 

thin stream into an ice-cold 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 o0
• 

The residual ether was removed on the aspirator and the silver salt 

dried at o0 overnight. This treatment gives a very .fine powder, so that 

it is mm.ecessary to do more than break up the large lumps, whillh fall 

apart easily. The drying was done in the eentrifu.ge bottle (250 ml.) 

and in the subsequent reaction the salt was used directly from this 

bottle. At no time did the temperature of the ammonium salt or the 

silver salt exceed 10°. At 20° the lactoniza.tion reaction occurs 

~---------------------~--------~-*Unless otherwise noted,melting points are uncanrected. 
Microanalyses reported are by Dr. A. Elek, Loe Angeles. 
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rapidlyt with evolution of considerable heat, polyesters tre formed, 

and the silver salt turns yellow. The yellow color and the light

sensitivity of the silver bromide formed are Vt!l!'Y characteristic 

o! decomposed material.; the organic silver salts when properly pre

pared are pure white and not very light sensitive. 

Merck reagent bromine (17 g., 0.108 mole, dried by shaking 

with conoentrated sulfuric aeid, separating and f':tltering through 

a bed of phosphorus pentorlde) 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-taper-equipped 

flask, fitted with a "trubore" half...moon stirrer and a bulb-type 

reflux condenser• The solution was boiled, with no cooling water 

going through the condenser, until a 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, :u.e g.), was attached to 

the third neck of the reaction flask by means of a flexible rubber 

coupling. The reaction vessel tias cooled to o0 and addition was 

made, raising the vessel containing the silver salt 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 react.ion proceeded so that about one bub

ble of carbon dioxide per second was evolved. By the end of addition 

the rate had increased +A S-10 bubbles per second. External cooling 



was necessary, and the silver salt being added needed also to be 

chilled during this time. At the end of addition the reaction vas 

allowed to stir for one-half hour at o0
• Then sodium bisulfite solu,,. 

tion was added dropwise at o0 until the brQllli,ne color had disappeared. 

The silver bromide was filtered off and washed with c~bon tetra• 

chloride and the combined organic layers were washed with eold, 

dilute sodium bicarbonate, solution;dried and distilled. l,l,-Di• 

bromobutane, 12.44 g. (53.6%), 'b.p. 90.;..92°/100 mm., n.!5 1.4985, 

d!5 1.800, was collected. 

Anal. Caled. for c
4
H8Br

2
c G, 22.20 ; H» 3.71 • Foundt 

O, 22.21 ; H, 3.70 • 

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 glaci$l. 

acetie acid for six hours, decomposing the diaeetate thus formed by 

boiling a rev minutes with ten ml. or dilute bydrochlorie aoid 

(after filtering of£ the silver salts), and distilling the pi:-oduct. 

About o.25 g. of butyraldehyde was obtained, distilling as a bi?1$ry 
0 with water at 68 , and this was converted to the 21 4,,,dinitrophenyl-

hydrazone according to the procedure described by McElvain ( 55), 

m.p. 121-2
6 

(unoon.). 

Def!ia<tAtion .2!'.. @.-bJ:omgm:om-onic JlS!g !c2 ethylene b;comidg; (see 

also below, degradation of sycg1pjg ~) 

The silver aalt was prepared exactly as described above. 

(3-Bromopropionic acid, .32 g. (0.21 mole), East.'ll8n Kodak Co., white 



label, gave ~.5 g. (O.lS mole) of dry silver salt. The actual 

yield of the silver salts is usu.ally 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• 
0 eeeded one bubble per second. After a total of sixteen hours at O , 

evolution of carbon dioxide had practically ceased and the mixture 

allowed to warm up to 25° overnight. 0 It was cooled to O I then sodium 

bisulfite was added to the solution until it was colorless. The 

silver bromide was filtered oft 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 solvent, 32.2 g. of ethylene bro-

o 25 mide (68%) was collected, b.p. 128.29 /750 mm., ~ 1.5350, m.p. 
0 7.;.9.0 (corr.). 

An earlier attempt to make this silver salt had resulted in 
0 decomposition at 25 while drying at the vaouum of a Hyvac pump. 

A considerable quantity of a water•white liquid collected 1n the 

dry-ice trap. This proved to be () •propiol aetone, as shown by its 

reaction with thiourea to give (:3 •thioureidopropionic acid, m.p. 

178 ... 9° after air-drying (this is the m.p. reported by Gresham, 

et al. (40), who, however, dried the derivative at 100°1 when the 

material obtained in this research was dried at 100°, it decomposed). 

When the silver salt degradation described above was earried 

out at the temperature of refluxing carbon tetrachloride instead ot 



at o•; the principal product of the reaction was a non-distillable 

polyester. A small amount (41-) or .somewhat impure ethylene bromide was 

obtained. 

A!glaJ.onio 11214., 

Sodium (llS g•• 5•0 moles) -was dissolved 1n 2150 ml. of abso• 

lute ethanol in a f'ive•litert three-necked flask, fitted \11th reflux 

condenser, trubore stirrer and dropping funnel. Redistilled Ell Lilly 

and Co. diethyl m.alonate (800 g.1 5.0 mole) was added vhile the solu ... 

tio:n wa.s still hot. Then 605 g.. (5.0 moles) of Eastman Kodak Co. 

vhi te label allyl bromide was added over three..qus.rters of an hour to 

the hot solut-ion, maintained at gentle reflux by the heat of the re

action. The mixture \las heated during five hours while ethanol was 

slowly removed. After about two liters or ethanol had been taken ort, 

the reaction mixture was cooled and washed with about 1.5 litePs of 

water, which was extracted in turn with 200 ml. of ether. 'l'he combined 

organic layers were dried with magnesium sulfate, the ether was stripped 

off and the residue 'Was distilled. .Allylmalonie ester, 400 g. (40i'!), was 

obtained, b.p. S5.6o0/1 mlll•• ~ 5 1.4290. In addition 115 g. (2.3%) of 

allylacetio acid was obtained upon sa.ponification and acidification ot 

fore .. and after ... runs. Upon saponification of -t,he afi;,sr- :vu:n. (b . p. (-0 ... 90°,/J. mm.), 

42 c~ {121) of diallyla.oetic aoid was obtained, b.p. 110•115°/)0 mm. 

Ulylmalonic ester (200 g. t 1.0 mole) was poured w:1.th good stll" .. 

ring into a solution of 225 g. (ca 4 moles) of potassium li..ydroxide in 

absolute ethru:tol at 50 ° • In about thirty seconds the mixture set to a 

sem1•$0lid rr.ass which was heated in the steam bath for one--ha.lf hour. 



At the end of this time it was filtered, washed with absolute ethanol 

and then with ether. It was then dissolved in the minimum amount of 

water and made acid with cooling. After removal of water at 20 imn., 

the l'elna:llling dry sslt-s wre extracted with acetone and the aeetone 

evaporated to give an alJnost quantitative yield of allylmalonie acid, 

:m.p. 16;0 (dee.). 

A:'JklMftti,Sl ftCip.t 

Allylmalonic acid, 72 g. ( • 5 mole) t from the above reaction was 

used w1 thout further purification. Concentrated hyd.ro<,lll0l1f acid 

(2•3 ml.) uaa added and the mixture heated to 165 ° for one hmlrt or 

until oarbon d.ioxide evolution had practically ceased., If the acid 

is veriy pure, or if' no mineral acid is added, deearboxylation is vel!'f 

slov; n,qutres higher t,emperatures; and the yield is correspondingly 

lov. Even at 165• there was conaide:rable side-.reaetion•lactone ond 

polyester formation-and on distills.ti.on only about 7h1, (35 g.) of a].., 

lylacetie acidt b•P• 95..,7°/2'; mm .• was obtained. 

The p-brompphenaeyl ester of allylaeetic aoid was prepared from 

its sodium se.lt ahd p,;,,bromophenaeyl bromidet aceording to McElvain (57). 

After recrystallization from dilute ethanol it melted at 59.5-6().,5° (corr.) 

S .,,;arp!f?Y!=\eriq QSid s 

Gaseous hydrogen bromide ws bubbled into :30 m.1. of C.P. toluene 

at 0 111 until the saturation point was reached. Eastman Koda! Co. 'White 

label benzoy-1 peroxide ( O.l g. ) wa.s adcled; and then 22 g. ( 0.22 mole) 

of e.lly-1.uetic acid was dropped 'With good stirring at 0°. More hydrogen. 

brom.-tde was added until a total or 30 g. (0.37 mole) had been absorbed. 



After a f'ew :minutea the solution was allowed to wa.mn to room temperature 

and was stirred for three hours. The toluene solution was then washed 

with water several timesi extracting the ~1ater washings with ether. 

The combined organic layers were stripped free of ether and. distilled. 

Allylaeetic acid (6 g. 271!) was recovered unchanged and 28.1 g. (71%) 

of a fl-s.c•tion, b.p. 102•110°/1 mm·, v.as obtained which solified tQ e. 

white solid, rn,p • .35-40-:a. This acid after a single recrystallization 

from llgroin melted at 39.5-40.5° (corr. ). The isomer• o' •bromovaleric 

acid ,is reported to melt at 21 e ( ;6) ~ 

Attamnted de&:a¢lation gg S •bromova.lerie a.qig Se. ~trar1J.etW£len![! b~de: 

An attempt to carry out the silver salt degradation or 6 •bromo• 

vale:ric aeid was made before the technique of using these heat.sensitive 

bromine-containing silver salts h$d been properly worked out1 and as a 

result, none of the desired product was obtained• The silver salt was 

made at 10° i"rom the ammonium. salt without any noticeable decomposition, 

b'nt upon drying overnight at 2; 0 it deeomposed :i.nte a liquid (presumably 

the laetone) and. silver bromide. Later work indieates that siri..ce the 

silver salt oan be m&ie• the degradation with bromine probably ea.n also 

be carried out sueeessi'ully at oil). 

~ · , & ..J>ibromovaleri_s agi2; 

Allylacetic acid (50 g,., o.; mole) was dissolved in dry reagent 

carbon tetrachloride and the solution was cooled to oe,. Bromine• 80 g. 

(0.5 mole) 1,.1as added dropwise with stirring over a two-hour period. 

When the addition vas about two-thirds complete• the brmn:t.ne color persisted 

and two phases had formed. The reaction mixture was then all.owed to warm 



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 t he low-boiling materials were stripped off 

in vacuo on the steambath (some allylacetie acid can be recovered) 

and; on cooling, the orange oily residue crystallized. This crude 

product melted at 45-so
0

• One crystallization from 30-60° petro-

leum ether gave 77.65 g. (59.6%) of white crystals, m.p. 56-8°1 

Degradation gt O, S -dlbromovaleric ~ lSl 1,,2,4::t;cibromoMane: (see 

also below). 

TIie silver salt of cS' , ~ -dibromovaleric acid was made by 

the low-temperature technique described above mider the silver salt 

degradation of d. -bromovaleric acid. Throughout the precipitation 
0 

and centrifugation, and during most of the drying at O, the silver 

salt remained pure white in color. However, after 16 hours of drying, 

the centrifuge bottle was opened to break up the l umps with a sj,atula, 

even though the salt was maintained at o0 then and thereafter, :f.t 

decomposed rapidly into a liquid and silver bromlde. The degra• 

dation could not be carried out.. . Evidently preparation of a silver 

salt of a o -bromoacid requires a special technique if lactoniza

tion :ts t o be avoided. 

Attem>2ted Degradation .21: allyl1c@j;ig .f&Sig 12 l,2,k:::kiJN:9mobutana: 

The silver salt of allylacetic acid was made in the usual> wy, 
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by addition of the potassium salt to a silver nitrate solution. 

The minimum amount of water was usa:l because of t he 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 l.ry silver salt, 35.5 g. (0.17 mole), was added to 

54.4 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, 

dost :toying the rather large excess of nromine remaining and distil

ling, 9.8 g. of material bolling at 98-9°/1.5 mm. was obtained. 

Thus was determined to be a bromolactone by the fact that it dis

sol ved in concentrated hydrobromic acid and, upon dilution of the 

resulting solution, o , S -dibromovalerie acid was obt.ained. 

Possibly this reaction could be carried out successfully at lower 

temperatures (o0 or below). 

Degi:adation .2! ethylmalonig §Cid~ l,l-dibromo 1m9. l,1,1-tribromo-

,m-opan,,es: 

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 stirting 

and subsequent heating in the st,ea:mbath for one ... half hour. The re

sul tant semi-solid mass was filtered, washed once with absolute 



ethanol and once with ether. After sucking dry on a Buchnttr 

funnel, the quite pure dipotassiUlll 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 we.tar aspirator• The crystalline white di

acid was air dried on a porcelain plate, yield ca. 100%. No odor 

of butyric acld could be detect.ea.. 

Alternatively, the water solution of the potassium salt could 

be brou.~ht t.o the neutral point with nitric acid and this solution 

used di1'ectly i.n the preparation of the silver salt. 

The pure diacid (31 g., 0.23 mole) was dissolved in 50 ml. 

of water and enough 15% potassium h,ydroxide solution added to bring 

it to p.l! 7. This potassium salt solution was added slowly in a 

fine stream,with vigorous stirring, to a solution of llJ g. (0.23 

mole) of Goldsmith reagent grade silver nitrate in 200 ml. of 

water. The precipitated silver salt was oe-.ntrif'uged and was washed 

successively with acetone, methanol, and ether, centrifuging re

latively free of solvent each time. The ether was tal<en off at 
0 25 at the vacuum of the water aspirator and the resulting silver 

0 salt was dried over-night at 25 on a. Cenco Hyvae pump, yield, 

37 g. (95%). 

Dry Merck reagent bromine, (42 g. 0.1,2 mole) was dissolved in 

125 ml. of o.ry reagent grade carbon tetrachloride in the apparatus 

described above. The silver salt, whieh had been dried to constant 

weight (37 g., 0.117 mole), in the 100 ml. round.bottomed flask in 



which it was to be used, was attached to the th:t.r4 neck td th a flexible 

rubber tube. The reaction vessel was cooled to 0"' and addition was 

started by raising the flask containing the silver salt and shaking in 

the salt in sma.ll portions. 

About 2-.3 g. was added and the mixture was stirred for about one 

hour before reaction was at all noticeable, as evldenoed by carbon dioxide 

evolution,. This gas evolutidn can be oomreniently :followed by a.ttaa'ld.ng 

a bubble counter to the exit tube or the cal.cium chloride dry:i.ng tube. 

Small portions of the silver salt i.iere added over a period of several 

houra. The rate of carbon dioxide evolutiion slowly increased. until a 

steady rate of 2•3 bubbles per second was reached. the remainder of 

the silirer salt was then added and the suspension allowed to stir for 

eight hours at 0°, and then gradually the ndxtu1-e was warmed over a 

period or three to four hours to 55 °,. Some evolution of hydrogen bro

m.i.de was noted. 

The suspension was again cooled to O Cl! and 10% aqueous sodium bi .. 

sulfite solution \las added dropwise until the bromine color was destroyed. 

Only a few drops were needed in this case. The silver bromide was 

fiJ.tered off in the cold and the precipitate washed with ce.rbon tetra• 

chloride. The combined organic phases were washed with aqueous bi

ea.rbona:te to remove any brominated or u.nbromina.ted free acids .formed by 

the reaction of the silver salt and hydrogen bromide~ A brown alkaline 

layer was formed; which was not further investigated but, which probably 

contained appreciable amounts of' ac:i.die snbstances. The organic layer 

was washed once with cold water, and then dried over calcium chloride. 



The carbon tetrachloride was taken off at atmospheric pressure 

and the residual material fractionated. 111-Dibromopropanet b.p. 

86,;..88°/l.;; mm., and a fraction• mostly 1,1,1.-tribromobutane, b.p. 

70•80°/2; mm. wre obtained upon distillation of this residue. This 

represented a yield or 28/; oi the dibromopropane and 24. 7/o of the tri

bromopropane. These materiaJ.s . were redistilled; dibromopropane1 

b.p. 133.25..J.34..0°/751 mm.r ~S l.506.3; d!5 1.960, was collected• 

and analyzed. 

H, 2.94. 

'.l'ribrom.opropa.ne, b.p. 77-83°/25 mm., ~ 5 1.;606; a:f 5 2.439, 

was also collected. and anaJ.yzed. 

Anal. Calcd. for o
3
H,Jr,l c, 12.81; H, 1.79. Founds c, l3.25J 

H• 1,.95. 

To prove the structure of the t\.10 products they were treated in 

the following ways; 'Ihe di.bromopropane (1.5 g.), 2.5 g. of' silver 

acetate, and 15 g. of glacial acetic acid were refluxoo vigorously 

for six hours. The mixture -was cooled and the silver salts were filtered 

off and washed wit..½ a little acetic ac:td. The acetic acid solution 

was put into a Claisen flask fitted with a short glass-bead-column 

and 10 m:t .• of dilute hydrochloric acid was added. The flask was 

heated rapidly to boiling and the propionaldehyde. produced, ;ik>gether 

with some WB.ter, was taken of£ at 43 ... 52°. About 0.2; g .of aldehyde 

was produced in t.liis way which was converted to the 2t4-dini trophenyl 

bydrazone by the method described by Mcl~lva.in (55). After two re

crystallizations from ethanol• the derivative melted at 153.5.154.5°. 



The tribromide (0.75 g.} was ref'l'I.L"'Ced with 201! aqueous potassium 

hydroxide solution for twenty-four hours • .After extracting the al

kal.:ine solution with ether an, orange .. colored solution was obtained. 

The solution, after bringing to pH 8 w1.th hydrochloric aeid, was 

then evaporated to dryness on the steronbath and the resultant mixture 

of. salts vas extracted i-d.th 70'/,. ethanol. Thie ex-tract was brought 

to pH 7, and 0.25 g. of p.,..pheeylpb.enacyl bromide added. The ethanol 

solution 'Was refluxed for two hours; the product* after several re• 

crystallizatious from ethanol melted at 102• J O
, an<l showed no d.ep:res .... 

aion o-Z the melting point when mixed with authentic p.pheey1phenacyl 

propionate (57), 

Dagr,wie~tio:t;i $?.! ~c,e.~nic acid ~ !th17:len~ bromide: ( see above also, 

degradation of ~propionic acid) 

PD.re dry 'White silver succine,te • was prepared in 99.,.9~ yield 

by the addition with good stirring of a neutral solution of sodium 

suceine:te to a. slight excess of a solution of silver nitrate. 'J'ha 

resultant pt"ecipitate 'Wa.s washed successively with water, acetone 

and ether. removing the solvent each time by filtration or centtl ... 

fugation. .After stripping off tl1e major ptU't of tJ1e residual ether on 

the aspirator, t.":le silver salt was dried overnight at temperatures 

* It was found eorrvenient; when making phenacyl esters, to 
use an excess of the phenacyl halide to insure a. :mrocl.mu,".ll amount .of 
product. The excess phenacyl bromide r ,~w.11ing at the conelut,:lon 
of the reac-1:;ion can be eastzy removed f:ro:ra the desired ester deri
vative by W"arming a benzene solution of the mixed pl'.'ecipitutes and 
addi..~g 2 benzene solution of triln.et~~1 amine until precipitation of 
the quai;ern~J b1"0mide salt stops. 'l'be que.t..a:rnary bromlde may be 
.filtered off or removed by washing with -water, leaving relat:i.vely pure 
phenacyl ester. 



up to 75° on a Cenco Hyvac pump. Before use i t. was ground and dried 

to constant weight in the container in which it was to be used. 

Sil;rer succinate (99.5 g., 0.3 mole) was added, in the system 

described above, portionviae over a period of one hour to a stirred 

solution of 96 g. (0.6 mole) of dry bromine in 300 ml. of dry carbon 

tetrachloride. Initially at reflux temperature, the system main• 

ta.ined itself there at first; later external heat was applied. After 

the addition was complete, the solution was refluxed for an additional 

hour, was then filtered, washed with 10% sodium bisulf ite solution 

and finally 1,ms distilled in vacuo. The yield of ethylene bromide 

was 18 g. (31.9%), b.p. 6o-60.5°/67 mm., d%5 2.172, ~5 1.534, m.p. 

6.5-,9.0° (corr.), mixed m.p. tdth authentic dibrontlde, 7.5•9.0° 

(corr.). 

Several other runs at dif'f erent temperatures ·were made. When 

the addition was made at o0 , with subsequent warming, in one case 

the decarboxylation occurred with explosive violence at about 11)
0

• 

In another case of addition made at o0
, the intermediate decomposed 

_smoothly and evenly at a.bout 10 ... 15° ( with external cooling); the 

yield was 37%. Some unreacted silve.r suecinate was also recovered 

in this case, even though an excess of bromine was used. In several 

runs a.t higher temperatures the yields were always lower. For 

example, in one run at 135°, using tetrachloroethane as the solvent, 

the starting material was completely accounted for a::: polyesters, 

for the most part insoluble in the chlorinated solvent but soluble 

in boiling ethanol. 



;t1 2,4-Tricm,rboxybutg.n~i 

An attempt was made to oxidize l-vinylcyclohexene-3 (buta-

dtene dimer) by the conventional method using permanganate, but 

such large volumes of solution were involved, and the product ob

tained was so contaminated with intermediate oxidation products 

which were difficult to remove, that a more convenient method was 

desired. 
a 

Nitric acid was suggested (by Dr. H. L. Herzog), as;eoncentrated 

ox.ldizing agent of considerable power that produces only gaseous 

by-products, so a procedure was tried patterned somewhat after 

that described in Organic Syntheses (58) for the oxidation of cyclo

hexanone. Similar oxidations have also been described in a British 

patent ( 59) • 

l-Vinylcyclohexene-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 nitrie 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 
0 

the dropping funnel, this time ~ith the flask maintained at 100 

on a steambath. Considerable further reaction took place, as evi

denced. by nitrogen dioxide fumes being evolved copiously. After 



this seeond. add.i tion was complete, the vessel was heated one hour 

more at 100°, although nitrogen dioxide wa.s no longer evolved after 

ten minutes. On cooling, a fluffy white precipitate was noted. 

This was filtered of'f, and shown to be p--,n:i.trebenzoie aeid, for.med 

by aromatization o:f the hydroaromatic ring, with simultaneous oxi

dation of the side chain and substitution. In all, 2-3 g. of this 

0 0 
n:t tro acid was obtained, m. p. 232 , methyl ester, m. P• 94 (corr. ) • 

The excess nitric aci d was conveniently destroyed by addition 

of formic acid at from room temperature up to 50°. Ca1•bon dioxide 

and nitrogen dioxide were evolved until the nitric acid was com

pletely destroyed. The vater was stripped off on the steam.bath 

under a.spirator vacuum, the residue (a light-brown viscous oil), 

was dissolved in acetone and the solution vas boiled with Norite. 

A clear green solution resulted, which after taking off acetone, 

gave a solid mass, crude yield, 84%. A ~ingle recrystallization 

resulted !.n ~,hite crystals, m.p. 115-21° fr.om acetonitr!le. 

The crude triaeid ·was converted to the trimethyl ester by 

successively dissolving in methanol containing h.vdrogen chloride, 

stripping of£ the methanol and the water .formed and re-adding 

metha.nol-hydrogen chloride. This was done three times and then the 

product was distilled. There was obtained 145 g. {62.5%) of tri• 

methyl ester, b.p. 116.7°/1 mm~ as well as 14 g, of. a forerun 

boiling at 50,..3°/1 mm., probably dimethyl succinate or glutara.te. 

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

using 120 g. (; mol0s) of sodium hydroxide and refluxing for three 



hours .. The solution became dark•brown in color and a flocculent 

precipitate appeared. This apparentl;r consisted of V(OH) (VCl 
.3 X 

compounds are volatile and soluble in organic 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 a tan crystalline residue. On recrystalllza-
o tion from acetonitrile it gave a pure white triacid, m.p, 118-120 

{48), yield, 89 g. (99% from triester). 

The silver salt of triearboxybutane was made exactly as in the 

preceding procedu~e for silver succinate. The dry silver salt, 53 g. 

(0.104 mole), using the apoaratus 0!"eviously describ'9d, was dropped 

into 50 g. (0.312 mole) of bromine in 200 ml. of dry reagent grade 

carbon tetrachloride maintained at reflux temperature over a. period 

of a.bout six and one-half hours. Carbon dio:ldde was vigorously 

evolved from the exothermic reaotion. Afta~ the addition was com

pleted, the mixture t-Tae refluxed for one-half. hour additional. On 

cooling, filtering and washing with 10% bisulfite solut:i.on, it was 

found that 18% of the bromine -wa:s left unused, presumably beoau.sc 

of ester formation in the usual side-reaction. After washing with 

bicarbonate and water, the organic layer was dried and distilled 

giving l.S g. (6%) of tribromobutane. A solid residue, presumably 



polyester, remained in the distillation flask. From this run and 

from a like run (which gave a/$, yield) 3.3 g. of tribromide was 

obtained, b.p. 54,i,6°/1 mm., n;5 1.5554; in addition, 1.5 g. of 
0 . 25 bromolaotone resulted, b.p. 70-75 /1 mm.,~ 1.5101. Possibly, 

better yields of the tribromide could be obtained by running the 

reaction at lower temperatures (see degradation of halogen-contain

ing acids). 

i,2,k-TJ::i1;?r2mowtane 

I. Authentic material was synthesized following the method de-

scribed by Pariselle (47). Dry, resublimed paraformaldehyde (28 g. 

0.93 mole) and 24 g. (l.O mole) of clean magnesium turnings were 

put into 200 ml. of dry (dried over sodium) ether in a three.necked., 

500 ml., standa.rd ... taper-equipped .flask fitted with "truborett stirrer• 

dropping funnel and reflux condenser topped with a drying tube. A 
J 

few crystals of iodine were added and then allyl bromide, Eastman 

Kodak Co. white label, freshly redistilled, was added 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 solvent. Further dis

tillation gave biallyl which was taken off up to 95°/760 mm. and 

buten-1;,-ol was collected at 112-116°, yield 15.4 g. (19%). Pariselle 



states that the residue is mostly the formal of this alcohol. 

The bute.nol was used without further purification. 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 o0 with 

stirring. The bromine-color persisted after about nine.tenths of 

the theory of bromine had bean added. The reaction mixture was 

stirred for one hmu- at 25° 1 washed 'With 10% bisulfite solution and 

with water, dr:.i.Gd with magnesium sulfate aud distilled. There was 

collected J0.7 g. (61%) of 11 2-dibro::no-4,-hytlrox-Jbutane, b.p. 8;0 /1 mm. 

Glacial ace·Uc a.cid (200 ml.) was saturated with gaseous hydrogen 
0 

bromide at O. The alcohol obtained above was added and the temper• 

a.ture was kept, 'below 10° for one hour. 'Xhe ·t;emperat,ure was then 

raised slowly sot.hat a tempera-tu.re of 70° was reached in five hours 

d • .:-,.i. h t ' of 100°. ar.. in S.i.Aueen ours, a ·emperariure During this time the 

react.ion .mix·ture became black. Ti~e a0etic acid was stripped off 

at 32°/23 mn1., and t he residue was WB.shed with water. to r·emove ex.

cess hydrog1:-~ bromide. The cloudy wat er-phase w~s t hen extracted 

i,rl th ether :md the combined orga.nic phases dried and distilled. 

'!'here was obtainoo 31.89 g. (82%) of' 1,2,4-tribromobut.aue, b,p. 

56-9°/1 mm., ~ 5 1.5588. 

Von Bl'.'aun (46) has reported that this tribrorn.obutane, when 

treated with magnesium*, simultaneously loses halogen from the 

vioinal bromine-containing ce.rbon atom.s and forms an olefinic Grignard 

reagent (MgBr at·l;ached at carbon atom 4). l 'his reaction proceeded 

--------~--------------~-------~~-·:tAtteuipts to dehaloger..:;_-te. using zine led to ill-defined products. 



exaetly as desc~ibed, the resulting Grignard reagent was carbonated 

to giv-e allylaeetic acid, and the p,,.bromophen.aeyl ester of thiB acid 

was made according to MeElvain (51). The ester so obtained melted 

at 59.5-60 . • 5 (corr.) an4 did not derJress the ni .. p. et authentic p. 

bromtphenacyl allylacetate, m.p. alse 59.5--60.;0 
(coIT.) 

II. An attempt was made to synthesize 11 21 4-tribromobutane from 

l,21 /4,-triI'lj"voxybutane obtained by the action of lithium..alundnum 

hydride ou malie ester . Difficult;t~ due to solub.111 ty relationehip$ 

we:i:•e wceuntered duri ng the reduction step. 

the ?eaction of 1, 4...cl:l.bromobutsne,-.2 awl hydrogen bromide., This 

addH,ion is reported to proceed ve--Py slo-r,,11:r at 100°·. In !J!, hour13 

0 
at 100 ,. using a. saturated glacial acetic acid solution of hydrogen 

bromide,no p.rodu-ct could be i sol ated and. t he star ting rria.t~ l al was 

recovered unchanged. 

1:V. Attempted synthesis ,of l" 2, 4,-tribrem.obutane pe listed above 

under the degradation or 'ii' , S -dibrom.0valerie acid and of allyl• 

acetic acid. 

V. The successful synthesis of 1~ 2, 4•ti-•ibromobutane is deseribed 

a.bo"-1e u.rufar. the aecti<>n dealing with degradation of 1,2,4 ... tricar.,. 

boxybutane. 

vr. 1,2,/v-Tl'ibromobutane is a by-product of t he degradation or 

eyclobutane carhoxylic acid, see below. 
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A;ttwimtaj 1legrad;rti2n a£ :ii.2.J,k::;t'etr:1gg:d1o;Rhutane 12 l,2,3,r 

'l'. etrabxc~mobu:t;,~: 

A.."'l attempt 1~s made to carry out this reaction -with the silver 

salt of 1,2,3,4,...tetracarboxybut.a..'1e (60), bi.:1t v:.lth no success. The 

silver salt was prepared in the usual fashion, by adding the sodium 

salt of the acid to a slight exeese of' silver nitrate solution and 

washing with water, acetone and ether. It w .. ·¢S di-ied ·co eouatant 

-weight, :-rleld 70.6 g. (97%) .bom 25.7 g. (Ol'll mole) of recryatal• 

lized E!ast.!1..1.11 Kodak Co. 7ellow label 1.,2,3,4"-tetrnoarbo:Xybutane, 

~1.r,. 183-90° (dee.) (60) .-from. acet,one. 

The rr::action was much 1.ika that oi' the J.,2,/4,,,,tx-iM.rbo:xy

buta.-io, described above. Dry silvor salt {'70.6 g., 0.105 mola) 

wa.s added 'to 67. 5 g. (O,Li-20 mole) of dry b:eomina in 300 nu. of dry 

carbon tetrachloride dru•:ll1g fo .::,· hom,s. A vigorous r0actio:n took 

place w1.th carbon diox:tde evolu-t:.ton. At the end, 207; of tho bromine 

we.s lef't,. 0-a fllte:r. :Lng., most of the organie product remainr:.d vith 

the silver bromide precipitate and could not be washed out wi.'th 

carbon t etrach1or5.de (although it is soluble in ·bo1.li11g ethanol). 

The carbon t.et.l•achloride aolution, on evaporation on the Hteruu 

~1:rt.1-1, laft only 2-.3 g., of brown, uncr.ystallizabls oil, which was 

aL11ost completely sol".1ble in cc>:aceut-r-ated h,ydrobrmnic a.c1d.. No 

:evidenee .fo:r the presence of 1,2,.31 4,,,,tEitrabrcmobtltane -w-as obt.ained. 

1,1;r-Dibromob1;rtene---2, upon boiling with bromine in carbon tetra

chloride slowly added bromine to fo:rm a.nt,hent.ic 11 21 31 1;..-tet.'l"abromo

butane, m.pl 115.5-116.,7°, ln quanti"tative yield. 1,2,3,4-,,,-Tetra .... 
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bromobutane is• possible by ... produet in the degradation af cyclo

butpe-l,2•ciicarboxylic acid; see below. 

9xsim:wiesm:lwa:lls; ¥li• 
111-Dicarbetho~cyclobutane (200 g"' l.O mole) (preparation 

described in the Experimental Procedures section of Part I of this 

Thesis) was poured with good stirring into a solution ef 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 semi•solid. This was filtered as dry as possible, 

washed with 500 ml. of absolute ethanol and with 500 ml. of ether. 

It vas dissolved in the minimum ammmt of water,. aciilf'ied with 

hydrochloric acid te pH 4 $nd the vater removed by d!stillation at 

atmospheric pressure. Some decarboxylation occurred and the result

ing monoaeid steam..d.1st1lled and could be extracted trom the distil• 

late with ether. The solid -ss of salts that resulted from taking 

otf the water was heated by means of en oil bath at 200° under veflux 

tor two hours. At the end of this time the pressure was reduced and 

impure cyclobutaneoarboxylic acid• b.p. 85-,1059/25 mm. was removed. 

Thie impure distillate va.s eombined with the above ether extract 

and redistilled. The yield of cyclobutanecarboxylic acid, b.p. 

98•100°/23 mm., ~ 5 1.4424,. was 86 g. (86%). 



Dtm:adation .2!: c~lobytaneoarbom1q ~ i9 qyclobutyl: !!:om1:<itJ 

ism.4 othet prqdugt~) a 

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 a.t 10°, eyclobutyl b.t-omide was formed 

predominantly.. At reflux temperatttre,, the major p,voduet was that 

produced by opening of the oyelobutane ring, 1.e., 11 2,4'-tribromo-

butane. 
0 . 

At 25 • when the brotline was dropped into the earoon tetra-

ehlor:td..i, suspension of silver salt, the major product vas ester formed 

by the reaction of' eyelobutyl bromide vi th the excess of silver salt,. 

I. G;t9le,W.t:zl la'Qmiges The silver salt was ma.de as previously 

described, using a minimum of water because of the rather high solt.t;. 

bility of silver cyclobutaneearboxylate, The yield of silver 

salt was 89.4%, and 8% of eyclobutaneearboxylic acid could be re,., 

covered after acidif'ieation of the solve.."'lts used f.or washing. The 

salt was dried for eight hours at so0 without visible decomposition. 

The previously described apparatus was used, dry Marek re--

age..-:1t bromine (34.(:, g., 0.215 mole) we.s dissolved :i,n 250 ml. of 

dry reagent grade carbon tetrachloride and the mixture was eooled 

to 10°. The silver salt (44. 7 g. 1 0,.216 m.ole) was sha.lcen in slowly 

over a two-.hour period, The evolution of gas tras somewhat slow at 

10°, much more rapid at 12°. Cason (29) has run this same reaction 

at -25°; he describes a. considerable induction, period, f ollowed by 

fairly rapid reaction. When the addition of silver salt was a.bout 



three-quarters complete, additional bromine was added since t he 

bromine color had disappeared. In all, )9.9 g. ef bromine (0.2S 

mole) was required. After the addition had been eomple-ted, the 

mlxt'l/1re was stirred for one-half hour and the silver bromide was 

filtered oft and washed with s0lvent .. The filtrates. were wesb.ed 

with bisultite, then with bieebonate, finally with water and 

dried. 'lb$ carbon tetrachloride was Qarefully remoV'ed and the residue 

distilled. Three f'raetions were noted, the first Gf which vas the 

desired ]')reduct, eyelobutyl bromide, lJ.43 g. (46.2%), b.p. 464°/100 mm., 

1~0 /755 mm., niS 1.47681 d!S l.430. The seeond fraetion. was eyelo

bµtyl eyolobutanecarbox,vlate, 3.94 g. (23.8%), b.p. 49.,,.50°/l mm., 

017 ... - 2S . 2; 196-S 55 mm., r;, 1.4528, d
4 

1.024. The third was 112,4-tri-

bromobutane, 7.53 g. (12.2%), b.p. 56-8°/ca. l mm., 74,,,,6°jl.; mm., 

2S ~£a 25 20 llj;i l.:,003, d
4 

.? S. 

II• CXJl9!1t:z:t cyel9bytMmssaz:box;tl.1:t:c: Sil ve:r 07elebn1tane

e.arb~late (46 g., 0.222 mole) was suspended. hi 25@ ml. o:f dry. 

carbon tetraehloride at 25°. Bromine (.35.5 g., 0.222 mole) was 

dropped in with. good stir~ing and with cooling to mai11tain the 

temperat:t.'IJ?e at 2;0
• When 27.2 g. (0.17 mole) of bromine had been 

added earbon dioxide evoluticl'l eeased. and t he bromine eolor per

sisted. TM reaetien mixture was stlrred for an additional hour, 

the silver bromide Wti.s filt~red @ff and the organic layer was 

washed wi.th biGulfi te, bioarbonate and water in that order, dried 

and distilled.. No eyclobut;y-1 bromide was obtained. The principal 
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product was eyclobutyl cyclobuta.~eea.rboxylate• 10.66 g., (62.2%), 

b.p. 57-9°/'J mm., ~ 5 1.4530, Tribl"omobutane, 3.84 g. (6%) was 

also produced.. A third high boiling fl"aotion wa also found, b.p. 

120-1408/l mm., that probably represents brominated esters. 

Cyolobutyl bromide (1.5 g., O.Oll mole) and 1.72 g., (0.011 

mole) or ailvAr cyclobutanecsrboxylate were mixed in 10 ml. of dry 

carbon tetrachloride and allowed to stand for twelve days at 25° 

with occasional 8haldng. In three days the characteristic sveet 

odor of the ester could be detected. On distillation, 1.27 g., 

( ~, n£ O . 25 6 75,~, or material boiling at l-;,v-200 ~as obtaiued, ~ 1.449. 

III. 1,2,der:Tribrgal?'Q:tcane; Dry silver cyclobutaneearboxylate (47 g., 

0.227 mole) was added to 37 g. (0.227 mole) of bromine in rei'lux .. 

ing carbon tetrachloride ov!¥r a period of one and one,..half hours. 

The reaction ~as extremely vigorous. About half way through th0 

addition, 30 g. extra or bromine was added, sinoe the reaction mix• 

ture had become completely deeolori :wd, On work.1.ng up the ):Toduot 

in the usual way, 1.4 g. (8.4%) of cyclobutyl eyclobutanecarbo:xylatfl 

was obtained, b.p. 'Jrf'/2 mm., and -41+.8 g. (64.6%) of 1,2,4-tribrOlJlo-

( ) 
01, 25 25 1;,ut®e, b.p. on redi~tillation 72•4 12 mm., ~ l. 5675, d

4 
2.206, 

0 
m.p. -20 to -15 (macro.). 

The constitution ot this materl,;.l was determ:i.ned by comparison 

of its physical properties 1d.th material. p.'t·epared by two othe-r me

thods (see above), that of ParJ.selle (/+1) and that of the silver 

salt degradation of 1,2,4-triearboxybuta.ne. The infra-red speetra 
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were also compared. The reaction with magnesium as desc:r.·ibed b1 

-von Braun (~); wi·th subsequent oarbonaticn and este-r for-ation, 

was used to ma..~e -the :p-bromophenscyl ester of allylacetic acid from 

this trib.roruid.e. The melti:,.g point, 59.s-,.eo.5° (corr.) is the 84J118 

as t hat found for the auth.antie material; the mixed m.p. showE.-d no 

depression. 

Degrad,1tism fll. ;xcl,obmeane::i.w1cvbgmi;2 .&£WI is! l,,2::dim:oWt 

g:yolmt.lml 1 

I. ,WJl 1,2-dicarboxycyolobutane (42 g., 0.3 mole) was converted 

to the silver salt, as already described, in 98% yield (103.S g.). 

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

~ period of several hours . to a solution of fl) g. (0.250 mole) ot 

bror.J.ne i.n 125 ml. of refluxing carbon tetrachloride. The reac~ion 

was vigorous but some external heating was needed to maintain at 

reflux. Ahou-t l g. addi t :i..onal of bromine was needl!d towards the 

e.nd to :maintain color ui the reaction \/essel. The products were 

worked u.p in the usual way. Distillation gave l0.25 g. (40.6%) of 
0 

material i:ioiling at 6!+-72 /12.5 mtn. Redistilletlon gnv~ a principal 

fraction, b.p. 72.4°/20 m., n;5 l.5352, d!' l.928, m.p. -1.5 to 

-t- o. 5° (corr.). This material -when mixed vl th authentic, preeumably

tl'ans 1,2-dibromocyclobuttlne frcm bromination of cyclobutene, 

melted at 2.5-4.5° (corr.). This sample of authentic ~&Qia dibromide 

melted at 4.75-5.75° (corr.). 
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II. The silver salt (52.4 g., 0.15 mole) of trans 1,2-diearboxy

cyelobutane was treated in exactly the same way, exeept that no 

extra addition of bromine was required. The yield. i.,e.s 6.2.3 g. 

(39.4%) o.f material boiling at 73-6° /20 mm. This, on redistil• 

lation, gave dibromide as a major product, b.p. 72-4°/20 mm., 

25 25 o ) no 1.5343, d
4 

1.934- m.p. •l to + 1 {corr. • This me.terial gave 

a mixed m.p. with authentic ttM@ dibromide of 2.s.-4.5° (corr.). 

It was noticed that after stand.ing several months the fractions 

boiling slightly higher than the dibromide, from these two experi• 

ments and another conducted with mixed Jell and ~ran§ acids, contained 
() 

s ,)me e:rystalline material, m.p. 54 (corr.), which later e,xperiments 

indicated was 1,4-dibromobutene-2. 

III. Merck reagent brC8'!l.ine (23.8 g.) was placed in a 50 ml. Claisen 

flask, fitted with mercury-sealed stirrer, eonneeted on one side a 

tube to an ampQule containing 8.03 g. (0.149 mole) oyclobutene 

( see below for source), and on the other to a water manometer. With 

continued stirring, the cyclobutene was allowed to boil into the 

flask over the period of an hour -while it was maintained. at o0 and 

a pressure very slightly above atmospheric. The bromine was just 

decolorized. After the reaction was complete, the stirrer, mane,.,. 

meter and ampoule were removed and the product distilled from the 

flask at 17 mm. pressure. There was obtained 27.92 g. (87.e%) of 

trans 1,2--dibromocyclobutane, b.p. 57.50-58.25°/17 mm., ~S 1.5362, 
O 0 

m.p. 4.S..5.0 (corr.). A small residue, m.p. 115.5-116.75, was 
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left, evidently 1,2,3,4,-tetrabromobutane (from some butadiene in 

the cyclobutene) since it did not depress the m.p. of authentic 

1,2,3,/rtetrabromobutane. 

Qyglobutenea 

Ref'ormstsky zinc dust (44 g., o.66 mole) was mixed with 30 ml. 

of absolute ethanol in a 300 ml.,3-necked standard-taper-equipped 

flask, fitted with a mercury-sealed Hershberg stirrer, dropping 

funnel and reflux condenser topped vlith a calcium chloride tube 

leading to a glass tube, in turn leading into an ampoule in a Dry 

Ioe trap. 11 2-Dibromobutane (42.8 g~, 0.,20 mole) was added drop-;, 

wise over a period of tvo hours to the refluxing ethanol•zinc dust 

suspension. Half way through, polymer ha~ to be oleane<i from the 

tube leading into the ampoule . Since cyclobutene does not easily 

polymerize, this was probably butadiene, formed by debalogenation 

of brominated straight chain impurities 1n ·the starting dibromide. 

These might arise as a consequence of ring cleavage dtn"ing the 

silver salt degradation (see also degradation of eyclobutane car• 

boxylic aeid, above). Af'ter addition was complete the reaction 

mixture was refluxed for one hour while sweeping gently vith 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 column was 1.5°; 8.03 g. (74.5%) of 

the material boiled between 2.0 and 2.15° and was collected as 

eye lo butene. 



s µmma;ry: 

l. Silver salt degradations using a modificatio11 of the 

Hunsdiecker technique have been attempted on -<. ... , (3 •, d' •, 

and & ""'bromoacids. The c:<. -bromoacid and (3 -bromoa.cid give 

reasonable yields of dibromoalkanes. The silver salts of the 

.... bromoaeid and of the l ... , S -dibromoacid decomposed at 

25°, presumably to give lactones. 

2. Succinic acid has been degraded to ethylene bromide in 

37% yield; ethyJ.malonie acid gave 28% of 1,1-dibromcpropane and 

25% of 1,1,1 ... tribromopropane. 

3. The Hunsdiecker technique b.aa bee.'1 successfully appli ed 

to cyclobutanecarboxylic acids. Cyclobutanecarboxylic acid, 

cyclobutane-1,2-dicarboxylie acids, and spiro(3,.3)heptane-2-

carboxylie acid have been converted to the corresponding bromides. 
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l. It should be possible to use the Hunsdiecker degradatie-n 

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, etc., can he readily made. 

2. It is suggest.el that the Hunsdiecker reaction cannot be 

adequately $Xplained by either the displacement mecha."'lism suggested 

by Arcus, Campbell and Kenyon; or by the simple loss ef carbon di• 
+ . oxide from a aeyl hypobremite, with subsequent attack by Br or Br•. 

( l)· Ar~ms, Campbell and Ke1"1Yon, Natul'e, .16.3 , 28? (1949). 

). A very interesting and unusual group of organic eompounde 

ought to be made available by an extension of the Hunsdiecker d..., 

gradation to reactions of silver alkylc~boxylates with compounds 

containing two 1-adieals o:t the type of N,;t ON, NO, N02, so, so
2
, 

sci, SCN, NCO, Cl; Br, arui I. The products trom 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 

exitit transiently as a positive ion .• 

4. Sit1oe it has been pr edicted that vyelobutadi ene will be 

unstable in respect ti? its rearrangemtmt , products, it is proposed 

that the be:tt routes for its preparation· ave those inVolv1ng the 

mildest conditions. Removal of halogen from l,2-d.ihal0eyelobutene-3, 
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or from. 1,2,3,4-tetrahalocyclobutanes by the action of zinc or 

magnesium, or by reaction with iodine,is suggested as a gentle 

method. The 1,2,3,4,-tetrasubstituted cyclobutanes ma..v be made from 

cyclooctatetraene(2 methods), diazoacetic acid, or even from truxillic 

acid. 

( 2) Wheland, if.. Am• ~. ~., 21, 2025 (1941). 

(3) Buchman, 111!«;!., ~, 2701 (1942). 

(4) Fiat Fiaal Report 2ftJ.. (1947). 

( 5) Owen and Simonsen, .iL, Oh_em. §gs., 19.33, 1225. 

(6) Buehner and Geronimus, Jl!t.,J.(2, .3782 (1903). 

5. It is now known that previous attempts to prepare cyclo

butane-1, 3-dicarbo'.h"j"lic acid were proball1y unsuccessfnl. It is 

proposed t,hat 1.t be synthesized by- t:10 r eaction of 2,2-dibromo

methyl-1,3-dlhydroX'Jpropane (readily available from pentaerythritol) 

with sodiomalonic ester, :followed by oxidation of carbinol grou.ps. 

It is further proposed tha.t the :first p:roJuct, above, 1,1-

dicarbethoxy-3, 3-d:L,1ethy).olcyclobutane, can also be used for the 

synthesis of polyspiranes by methods outlined in this thesis. 

(7) Mooradian and Cloko, ;r. ,&n. ~. ~., fil, 91..2. (1945). 

6. Cross-linking of acrylate polymers to give CCJl!Dllereially 

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 a.mounts. Esters sug

gested are furfui-yl, amino and glycolic acid. Addition of. suitable 



reagents upon milling (oxidants or acidic materials, a quaternary 

vase, and zinc oxide, respectively), will cause cross-links to be 

established dut"ing curing. 

(8) Mast and Fisher, .Ing.~~. Chm., .4Q, 107-12 (1948). 

7, 1..Methyl-.3-aminoisoquinollne should be a compound -well 

suited for diazo-copying use. Its synthes:'t.s can be readily ac• 

compl:tshed, and beeau.13e of several contributing factors it should 

show a considerable sensitivity towards light, with a good stab!• 

lity towards thermal and oxidntive decomposition. 

(9) Saunders, "Tl;le ArqmtiQ D~azo-Comj;J.l!lt!s i.A , ., 
11 

E. A.r.--nold and Co., London., {1936~ page 164 ££. 

8. It is proposed that solid compounds containing uninegative 

rhenium might be obtained by the action of t tll'i alkali metals on 

rhenium metal or rhenium compounds in liquid ammonia. 

(10} Linge.ne, J. Am. Chem. Soc., 64, 2182 (1942). 

(ll) Pauli;4g, ~. J1J¥! E.,ng. Neywq, ~, 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 part to transmutation 

of the phosphorous to sulfur. It is suggested that c14, because 

of its loY recoil velocity and bond-breaking power, may give gre~ter 

information about this kind of mutagenic activity. It may be that 

new types of mut,plts involving substitution of nitrogen .for carbon 

will be found, following ingestion of appropriate tracer compounds. 
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( 12) Libby, l,. Am• filli!ll. §.Qs., {tl, 2523 (1947). 

(13) Rubin, Genetics, 12, 133 (1950). 

(14) King, Genetics, .12, 118 (1950). 

10. While biochemical genetics has made many contributions to 

our understanding of' metabolism and physiology, it novr appears that 

the original appearance of one-to-one correlation in gene and en

zyme action ~as in part an accidental 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 genetics. 

11. It is suggested that the :f.'iret 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 field, 

rather than intensively study a few particular aspects. 


