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I. THE ATTEMPTED SYNTHESIS OF CYCLOBUTANE FROM TETRA
METHYLENE DIBROMIDE 

-l-

In connection with studies of derivatives of cyclobu~ane 

(1,2,3) which for some time have been underway in these 

laboratories, a method for the la.rge sc?.,le preparation of 

cyclobutane itself, the parent compound of four carbon ring 

chemistry, was desired. As the simplest member of tnis group 

of compounds, it is the obvious starting material for syntheses 

in this seriea. In addition, the compound is of theoretical 

interest (4); for example, the heats of comb~stion of cyclo

propane (5), cyclopentane (6), and cyclohexane (7) are known, 

whereas that of cyclobutane- is unknown. Its general relation 

to the other members of the series of saturated cyc.1ic hydro

carbons is of great interest. in these .laboratories, where 1 tt 

was desired to undertake electron d~ffraction studies of 

cyclobutane. 

Cyclobutane was first synthesiz-ed by Willstatt.:er and 

his co-workers (8,9,10) in 1907, through a tedious series or 

experiments starting from trimethylene dibromide and malonic 

ester. A reaction first carried out by Perkin, with sodium 

ethylate as catalyst; (11), effected a ring closure and 

yielded ljl-cyclobutanedicarboxylic ester, which upon 

hydrolysis and decarboJOWlation (12) gave the monocarboxw11c 

acid (13,14). The synthesis proceeded through the acid chloride 

(15) and then through the amide (9)o A Hofmann degradation was 

then carried out to yield cyclobutane amine. A quaternary 

ammonium base was prepared from the amine, a base which, 



when degra,ded, yielded ey.clobutene. This compound wa.s purified 

by brom1nat1ng the do~ble bond, distilling the d.1b:romt(eyclo

butane and. :regenerating the cyclobutene by z,inc reduction. 

Hydroe;en.ation of this compound resulted in the aes1red end 

product, cyelobut.ane •. ,A schematic presentation of th1s synthea1s 

follows: 

agueoue 
- KOH 

CH2-0Hl3r 
i • i 

CHi-CHBr 

GH2-CH-COOH 
\ I 

GH2-m12 



It was not until Heisig (16), in 1941, prepared cyclo

butane amine directly from the monocarboxylic acid, , that the 

synthesis was substantially improved. BY treatweut of the 

acid .with sodium azid~ and sulfuric acid in chlo.roform, he 

ob.:tained j,he amine salt in good yield. 

CH-2-CR-NHa, 
I \ 
CH2-CH~t 

Despite this improvement, the synthesis stilr involves 

many steps a.nd the yield is rather low. Consequently,, it, was 

decided to investigate simpler methods of preparing the com

pound. One of the simplest and most obvious of tnese me~nods 

was apparently to start with a 1J4-tetramethylene dihalide 

and bring about an intramolecular Wurtz~type reaction to yield 

cyclobutane in a single step. If successful, this promised to 

be quick and direC!t', with the added advan~age uf involving 

easily obtainable starting materials. 

Some work had previously been done in an at~ewp~ ~o 

reduce lJ4-tetramethylene dihal1des with me~aJ.lic red.ucing 

agents in various solvents, none of which yielded cyclobutaneo 

Hamonet ( 17) attempted the reduction -of the di bromide with: 

zinc in an alcoholic medium, a reaction which resulted in 

straight: chain butane .• Gauthier ( 18) used magnesium as the 

reducing agent and obtained a mixture of organic magnesium 

derivatives which, upon addition of carbon diox1.de • yielded 

both adipic and sebacic acids. (cf. Vo Braun and Sobeck1 (19) ),, 

Colman and Perkin (20) claimed a closure of the four ring in 

this manner by treating lj4-dibromo~pentane w.i.th fi.uely 
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divided sodium in toluene, but the identity of the end product 

with methyl cyclobutane is questionable. 

11he preparation of 1 ♦ 4-tetramethylene dihalides has been 

reported. W. Scbr.'lidt and F. Manchen (21) prepared 2-butyne,-

1,4-diol from formaldehyde and acetylene, reduced it, and then 

chlorinated it with thionyl chloride to yield lf4-dichloro

butane. s. Fried and R.D. Kleene (22) prepared the dibromide 

in 70% yield by passing dry HBr into tetra~ydro~furane, and 

later (23) prepared the dichloride by using dry hydrogen chlor

ide in the presence of zinc chloride, and the diiodide by us

ing dry hydrogen iodide. A. Luttringhaus and D. Schade (24) 

reported the preparation of the dibromide in 21% yield from 

silver adipate by treatment with bromine. J. von Braun (25) 

prepared the dibromide by splitting benzoyl::::pyrrolidine with 

pposphorus pentabromide. Reisig (26) prepared the diiodide 

by treating tetraChydro~furane with phosphorus and iodine 

s.nd i-•efluxing. 

It was decided to use the dibronide in the investigations 

described in this paper, since it is more easily prepared and 

probably more stable than the diiodidw, although it v1ould not 

be as reactive. 1,4-l;etramethylene dibromide vrn.s ulth:1ately 

prepared from furoic(or pyromucic) acid, which was decarbox

ylated (27) to yield furane. This was catalytically hydrogen

ated (28) ·with Raney Nickel catalyst (29) to tetra~hydro .. 

furane, which was, in turn, treated with dry hydrogen bromide 

to yield the desired product (22). 

Some work has been reported on ring closure effected by 

reduction of ~,w- polymethylene dibromides to yield the 



corresponding saturated cyclic hydrocarbon. Cyclopropane has 

been prepared from trimethy.lene dibromide by heating it with 

sodium ('39.); by adding 1 t to sodium under bolling xylol ( 31); 

by warming it to 50•60°c with zinc dust in 75% ethanol (32); 

by heating with zinc wool in isoamyl alcohol ( 33); by treat

ment with magnesium in ether (34); by treatment wit.t.l sodamide 

in liquid ammonia ( 35); . and by the action of zinc dust in 50% 

acetic acid solution at water bath temperature (36). lf5-U1-

bromo::::pentane has been converted to cyclopentane ( 37) by t.he 

action of z·inc dust in ethanol,. and 1J6-dibromo2hem.ne has 

yielded cyclohe»ane ( 38) • when treated with sodium in ~ylol:o 

In 19}6, Hass and coworkers (39) synthesized cyclo

propane by reducing trimethylene d1brom1de with ~inc dust in 

a medium of molten acetamide at 170-1~0°0 in the presence of 

sodium carbonate and sodium iodide. In preparing cyclopropane 

from trimethylene dibromide by reduction with magnesium, they 

discovered that iodide ion has a catalytic effect. The 

catalytic effect of iodine and organic iodides on the forma

tion of Grie;nard reagents was well known, and led tnem to tne 

conclusion that the ring closure took place through tne for

mation of a Grignard. reagent as intermediate. Tney also 

found that removal of the iodide, even af ·t er reaction had 

begun,, would cause the reaction to cease, but that.. if l-chloro-

3•iodo2:,9ropane or 1,.3-diio.dopropane were used as the start.ing 

material,, the reaction would proceed without iodide ion. When 

zinc was used as reducing agent in.place of magnesium, the 

iodide ion was rapidly used up, presumably due to the formation 

of zinc iodide, which ia largely unionized. Consequently, it 
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was necessary to apply some method for regenerating the iodide 

ion from zinc iodide. Two methods could be applied: a) adding 

to the reaction mix~ure, sodium carbonate, which reacts with 

zinc iodide to yield zinc basis carbonate, sodium iodide, and 

carbon dioxide or b,) the use of a compound such as acetamide 

which forms a .ti\ ionized comple:»: ion with zinc iodide as follows: 

2 I 

It was brought to light that the presence of both sodium 

ca.rbonate and acetamide in the reaction mix,ture would cut ,. . 

down the amount of zinc dust which must be used and also the 

amount of sodium iodide. 

Recently, Murray (4o) applied this method to the prepa

ration of spiropentane from pentaerJthrityl tetrabromide. 

Donohue, Humphrey, and Schomaker (41), of this laboratory, 

have recently proved the structure of spiropentane hy 

electron diffraction methods. The success of Murray and Hass 

suggested the possibility of establishing the reduction of 

polymethylene dihalides, and perhaps of unsaturated dihalides, 

in this manner, as a general ring closure method for the 

formation of cyclic compounds,, especially in the somewhat 

difficultly formed fqur ring. 

The purest zinc dust available commercial..ly was further 

purified before use, since we were advised by Murray 1n a 

private communication that the formatlon of spiropentane from 

pentae.rythri tyl tetrabromide depended directly upon tne purity 

of zinc dust used. 

In the first attempted reduction, following carefully 

the method used by Hass and by Murray, no cyclobutane was 



formed, but a _fair yield of straight chain butane was iso

lated, with no unsaturated hydrocarbons being formed, as 

indicated by treatment with bromine. This suggested t.nat 

protons were being p1cxed up by the molecule to yield a 

saturated straight chain compound, rather than a ring closing 

bond being formed. 

It was then decided to substitute a solvent which, 

while sufficiently like acetamide, would not be as apt to 

yield free protons to the reaction mixture as wou.i.d tne 

strongly polar amide group, 1n the hope that ring c~osure 

would then be enforc.ed. The substitutes subsequently de

cided upon were N-acetyl p1perid1ne and N ... benzoyl 
~O 

piperidine,, both of which contain the / N-C- grouping in 

common with acetamides, but which replace the polar amide 

hydrogen atoms by a rather non-polar saturated ring system. 

The use of an N-acetyl piperidine medium for reduction 

again yielded a large amount of butane, and no cyclobutane, 

but this time a quantity of unsaturated hydrocarbon, probab;ly 

mi»ed butenes, was found to be present. A similar result was 

obtained when N-benzoyl piper1dine was suosti tuted as me 

solvent. 

The presence of saturat.ed compounds at. this point. 

suggested that the free radicals, presumably formed as an 

intermediate during the reaction, were active enough at t.his 

elevated temperature to draw protons from even such slightly 

polar compounds as N-benzoyl and N -acetyl plper1d1ne. It 

was consequently decided to attempt to preclude these poss1-

b111 t1es by running the reaction at reduced temperatures. 
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Previous runs having been made at 170-lc':$0°c, the reaction 

was now tried at 6o0 c in N -benzoyl2l)iperid1ne, and resulted 

in a reduced yield of butane, with no unsaturated corupounds 

isolate.de 

Since no unsaturated compounds were formed when acet.awide 

was employed, while some unsat.uration occurred here, 1 t was 

thought_ .. possible that protons were being taken from the 

hydrocarbon dlhalide. If this were the case, ti1e protons 

present;, could not be eliminated by change of sulvent:. 

Consequen1Uy, reduc:,tion of i:.ne dlhal1de by zinc dust, was 

at.tempted in the presence of sodium iodide and sodium 

carbonate, at:, 170°ci,. but wi t.nout use of solvent,, and result.ad 

in a mix"'ture of butane and but.enes, 1nd1cat1ng that me 

hydrocarbon dihallde 1 tself ~ the source of protons. 

The only other alternative which present.ad it.self was 

the use of less reactive reducing agent.a,, but we were not 

prepared to undertake so emensive a problem at_ this time_. 

substitution of such agents as sodium amalgam or sodarnide 

for the zinc dust under varying condi tiions migh'tl, prove a 

worthwhile investigation,, butr .. such an undertak1.ug promised 

to be a complete new task, having no conuectlon with t.ne 

Grignard type reaction which was postulated by Hass and his 

co-workers, as the mechanism ,,hich applies here. Consequently, 

it was decided to ab0;ndo.n the proje1.;t,. A suWiilary of resui.ts 

is given 1n Tab~e r. 



TABLE I 

Summary of Results 

Exp. Approximate Percentage of 
No. Solvent;_. Temperature Material in product 

Butane Mixed Higher Boiling 
Butanes Mat.erial 

1 CH300NH2 180-190°0 85% 0% 15% 

2 N-Acetyl- 180-190°0 80% 5% 15% 
- Piper1d1ne 

3 N-Benzoyl, 165-175°-C 80% 5% 15% 
Piperidine 

4 N-Benzoyl- 0 55-100 C 90% 0% 10% 
Piperidine 

5 no; solvent 165-175°C 40% 40% 10% 
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APPARATUS 

The apparatus used for the reduction react.ion was an 

all-glass one, consisting of a standard taper, one liter, 

three-necked, round bottom flask fitted with a stirrer, a 

dropping funnel and a condensero From the top of the 

condenser, a tube was led into an ampule, which was cooled 

in a Dewar flask using a dry ice - butyl ether bath. A 

second dry ice trap was used to liquefy any gaseous products 

escaping from the ampule. Distillations were conducted 

from the ampule directly, using a four foot reflux, column 

equipped for total reflux" and variable take-off, and cool-

ed by alcohol at_minus sixty degrees cent igrade. The 

alcohol was circulated by a centrifugal pump, and at one 

point in the system, passed through a coil which was 

immersed in a bath of ethanol and dry 1ceo* 

* I am indebted to Dr. Herbert Sargent for hi£ aid in setting up 
the equipment necessary for this work 
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EXPERIMENTAL 

Furane (27 l 
148 gms. -of qu1nol1ne and 130.5 gms. of pyromucic 

acid were placed wit.hone gram of precipitated copper metal 

in a l-11ter, 3-necked flask, fitted with therwometer and 

8 inch Hempel column leading to a 2-liter flask containing 

250 gms. of sodium hydroxide in 750 mlo of water (25% so• 

lutlon). This flask had a thermometer and out~et to an 8 

inch calcium chloride tower immersed in a four liter beaKer 

of water for heating •. The tower led to a 30 cm. vertical 

spiral condenser cooled with ice water, . which ran into an 

Erlenmeyer flask, cooled by an ice - HCl - water mixture. 

This in turn was connected to a dry ice trap. Tne reaction 

vessel was heated in an 011 bath at 220°c, the sodium hydroxide 

flask was kept at 65-70°0. Decarboxylation proceeded smoothly 

with 58.4 gms. of furane collecting in the Erlenmeyer flask. 

(80% of theory). '!he product was redistilled, the portion from 

30.4-31.0° Co being collected. -Very 11 ttle impur1 ty was present. 

100 gms. of furane and 100 gms. of ~ -butyl alcohol 

were placed with 10 gms. of Raney Nickel (29) cat.alyst in 

a Burgess-Par-r reduction appara-r,us at room temperature and 

a pressure of t.hree atmospheres or hydrogen. Hydrogen was 

absorbed rapidly. Toward the end of the react.ion,, 5 gms. of 

catalyst were added and the temperature was increased to 
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C . 
55 c. Total hydrogen absorbed was approxiwa te.1.y t.ne t.neoret1-

cal value. The catalyst was removed by filtration and the 

filtrate was fractionated, the 60-8o0 c frac t ion treated 

with excess sodium to remove the alcohol and red1stilled. 

65 gms. (60%) of tetra hydro furane boiling at 66-67,0 0 w&m. 

collected. 

Tetramethylene Dibrom1de (22} 

Hydrogen bromide was generated by the action 01· 

bromine on cold technical t.etralin, and purified by passing 

first through two towers of tetralin, aud then tnrou.gb. two) 

drying tubes contai ning CaC¼ and P2o5 successively. ) bO gws. 

of dry HBr gas w~~ then passed into '(2 gms. of tet:raCn.ydro.-

furane, according to the reaction: 

082 - C~ 
I I 

CH2 ~~ H2 \ -r 2 HBr ---? Br{ C82) 4Br -+ H20 
I 

0 

The temperature gradually rose to 105°c, and the re

action mixture colored slightly. When HBr ceased to be 

absorbed, the mixture was cooled,, washed thrice with 100 ml. 

portions of 20% sodium bicarbonate solution, and thrice with 

100 ml. portions of cold water •. The produc·t . was ta.Ken up in 

100 ml. of ether and dried over annydrous sodium sulfate. 

The solvent was removed, and the residue distilled at 

reduced pressure. 124.5 gms. {57.6%) of tetramethylene d1-
o . 

bromide we.~e. col.tected at 101-105 C at 41 mm. pressure. 
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N-Acetyl2 Piperidine 

34o gms. of anhydrous piperidine we"".:e mixed with 31b gms. 

of pyridine. With cooling and stirring, 337 gms. of acetyl 

chloride wt.-r:J added dropwise over a period of three hours. 
0 The temperature was allowed to rise gradually to 50 c. 

Stirring was continued for one hour after addition was 

complete, and the mixture was then allowed to stand over 

night at room temperature. 

The heavy sludge was extracted with isopropyl ether 

until the solution came through clearo The filtra~e 

separated into two phases, an~! isopropy.l ether phase, and 

an oily phase. The oily layer was extracted with 100 ml. of 

benzene and this was combined with tne ether layer. The 

solvents were removed, and the residue distilled in vacuo. 

241.5 gms. of N-acetyl piperidine bol.Ling at .l44-145°C at, 

Td mm. pressure wef:£ collected. 

N -Benzoyl::P1peridine 
(I. . 

To 255 gms. of piperidine and~solution of 120 gms. of 

NaOH 1:p 500 ml. of wate r WtY-&. added dropwise with cooling and 

stirring, 450 gms. of benzoyl chloride over a period of three 

hours. The mixture was stirrea. fur one half hour arter 

addition was complete. The two layers were separated and 

the oily layer was taken up in 250 ml. of isopropyl ether. 

A small sample of the solution was cooled in dry ic~, and tne. 

crystals formed were used to seed the maJor portion which 

was cooled at 4°c over night •. CrystaJ.s were fi.d,ered, washed 

with isopropy~ ether and dried in air. These were twice 



distilled in vacuo, and 324 grns. of white crystals melting at" 

48.5-49.5 a were collected. 

Reduction of Tetramethylene D1bromide 

a) In the apparatus described above, using a Truebore 

stirrer with a Hershber~f:·:;- arrangement:, . 190 gms. of acet

amide (Merck reagent, , dried in vacuo), 90 gms. 01' zinc dust 

( General Chemical, 93%, which had been 1·urtner purified by 

rapid treatment wit.h 5% HCl solution, three 100 ml .• water 

washes, two 50 ml. alcohol washes, two 50 ml. et.her washes, 

and drying in a vacuum oven at 70°c for one hour), 10 gms. of 

NaI and 30 gms. of Na2co3 (anhydrous) were p.1.aced. The flask 

was heated in an oil bath at 185°c. 4';;).{ gms. of'_ tetra

methylene dibromide was added dropwise. Addii.t1on was made 

at 18 ml. per hour. If any faster addition was made, tne 

reaction product carried liquid acetamide through the con

denser,, and depos1 ted 1 t in the exl t . tube. The addi t.ion took 

about two and one half hours. The react.ion mixture was heat~ 

ed for 30 minutes after addition was complete. The crude 

yield was about 15 gms. This was distilled and abuut ~U gws. 
@ 

of material was collected at 0-3 c. About 2 rul. 01· higher 

boiling material was J.eft as residue. The distl.llate w.as 

treated w1 t.h bromine,, and the excess of bromine destroyed 

w1 th N~s2o5 solution. No bromo compounds separated,, in

dicating no unsaturation. 

b) The same quantities were used as before, except.. that: 

225 gms. of~acetyl piperidine replaced the ace~amide. 50 gms. 

of tetramethyle.ne di bromide was added over three hours .. The 
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product distilled at 0-2°0. On bromine treatment, a smaJ.l 

amount of unsaturated material was found to be present. • .A 

residue of about 2 ml. was left undisti.1.ledo This bolled a~ 

67-68°0, and was probably a higher hydrocarbon. 

Distillation of the reaction mixture gave only a fract1on 

boiling at 215-220°cr, presumablyAacetyl piperidine. 

c) In the reaction flask were placed 150 gms. of N -
benzoyl piperidine, 25 gms. of Na2 oo3, 70 gms. of zinc dust., 

and 8 gms. of Na.I. 30 gms. of tetrametny:i.ene dibrom1de were ' • 

added at 165-175°a over two hours. 7 ml. of material was 

collected. This was distilled at 0-2.5°0,_ about 4 ml. of 

product being collected, which yielded 0.1 ml. , of bromo 

compound, indicating again slight. unsaturat1on. 

d) Using the same quantities as in (c), the addition was 

made at 55-65°0 over two hours. After four and one half 

hours of stirring no produc-t had collected. The temperature 

was slowly increased to 100°0;. At 80°0, the product began 

to distill over. After three hours, 2 ml. had been collected, 

which distilled at 0.5-1.5°0, and contained no unsa~urated 

material. 

e) 70 gms. of zinc dust, tj gms. of Na! a.nd 25 gms. of 

Na2co3 were trea-ted with 30 gms. of tetramethy.1.ene dibromlde 

as before. About 5 ml. of product was collect.ed, which yi el d• 

ed about 4 ml. of material after distilling at 0-2.5°0. This 

y~elded, upon bromine treatment, about 2o5 ml. of a brom1ne 

addition pompound, indicating about 50% of unsaturated 

material present. 
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II. ATTEMPTED NEW SYNTHESES OF 1, 3-CYCLOBUTANE~ICARBOXYLIC_ 
ACID 

The synthesis of 1,3-~yclobutane~dicarboxylic Acid is , . 

of interest 1n these laboratories in connection with the 

pro~Jee;ted synthesis of cyclobutad1ene. • Buchman,, Schla t.ter, 

and Reims (~) attempted to prepare cyclobutad1ene from trans-

1.,,2 -cyclobutane diam1ne,, which had been obtained from the 

corresponding 1,2- acid (2). The diam1ne was converted to 

trans-1,2-cyclobutane•bis-( trimethyl ammonium)•hydrox1de ( 1l), 

which was pyrolyzed. Instead of the desired cyclobutad1ene, 

however, the products of the pyrolysis were cyclobutanone, 

trans-1,2-tetramethyl-diamino-cyclobutane, l-d1methylam1no

cyclobutene ... l,, and some condensation produc-ts of cyclo

butanone, as follows: 

CH2 -CH--COOH 
I I , 

C~-CH-COOH 

CH2 -+CH-NH2 
--) \ I . 

C~-CH-NH2 

----, ~H2-~H-N(CH3)2 C82-C =O 
+ I I 

_CH
2

-CH-N(CH
3

)
2 C82-CH2 

CH2-c -N(CH3)2 
I II 

CH2-CH 

+ 
CH2-CH-N (CH3)3 OH 
I I + ---
CH2-CH-N ('.OH

3
) 

3 
OH 

OH 0 
CH2-C-CH -a 

-+ I t \ V + . 
CH2-CH2 CH2-CH2 

It is obvious that a similar series of reactiuns start

ing from trans l,3-cyclobutane2dicarboxy11c acid and ending 

in the pyrolysis of transr~,3-cyclobutane-bia-(tr1met.hyl -

ammonium) - hydroxide might lead to t.he desired goal• 
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Trans-l, .3-cyclobutane2d1carboxyl1c acid was first prepared 

by Markownikoff (3) in 1881 by the action of sodium ethylate 

on ethyl o(. -chloropropionate: 

CH3CHC1COOC2 H5 NaOC2H5 ) CH
3

yH-COOC2H
5 

+ 
OC2H5 

CH-COOH 
/ ' 

CH2 CH2 ' / 
HOOC -CH 

I 

+ 

CH-COCH 
/ ' 

CH2 CH2 '\. / 
CH-COOR 

II 

This was the first four-ring compound to be synthesized. 

Markownikoff also was able to convert his compound to an 

isomer (4), which he did not identify. The synthesis was later 

studied by Haworth and Perkin (5) who established that t.ne 

original Markownikoff compound was the trans isomer (I), 

and_ who isolated the cis-isomer (II) from the same reaction 

and showed that it was identica~ with the isomer prepared by 

Markownikoff from the trans-1 somero The preparation of (II) 

by related reactions from formaldehyde and malon1c est.er (or 

their equivalents) was reported by Perkin, , Simonsen and 

Bottomley (6,7,cS). This latter synthesis received sowe 

attention recently in this laboratory, where Buchman, Reims, 

and S.chla tter ( 9) showed that the product, from malonic ester 

and formaldehyde was not the els-isomer (II) as stated by 

Perkin but instead was ~-methyleneglutaric acid. They; showed 

that, while cis-1,3-cyclobutane: d ~carboxylic acid (II) 

resembles oi-.-methyleneglutaric acid physically, tne former 

has saturated properties consistent w1 th its formula,, while 

the latter reacts instantaneously w1 th alkaline perrnanganat.e , 



adds hydrobrom1c acid,, and yields a pyrG.zoline deri va ti ve 

with diazomethane. 

In unpublished work, Buchman, Reims, and Scnlatter (28) 

reinvestiga t .ed the Markownikoff preparation of the trans-

acid (I) o In spite o.f much study, involving several mod1f1-

ca tions of the original method, the yields obtained were not 

entirely satisfactory. The preparation of large amounts of 
-

trans-1, 3 acid ( I) which would be required !"or an extended 

study of diquaternary salt formation and degradation thus 

presentrs a laborious and tedious undertaking (28).* 

The present work ha& been undertaken in order uo im-
.+-o 

prove the Markowniko~ff synthesis and/or"develop a new and 

more pracitical method of preparing the· trans-1, 3 compound. 

The Markownikoff synthesis might be improved through a better 

understanding of the mechanism •. The· combined yield of cis

and trans-cyclobutane~d~carboxylic ester in the origina]. 

synthesis is approximately 10%0 The major reaction product 

is ~ ... e.tho:»f•ethyl propionatreo In addi t1on, O)ther reaction 

products have been isolated ((28), in small quantities,, but 

the nature of these is not yet elucidate~. The reaction t.s 

not limited to the action of sodium ethoxide wi.th. °'""'chl!oro 

ethyl propionate. A bromine atom may be substituted for the 

chlorine without affecting the reaction products. The ethyl 

ester may be replaced with either the methyl ( 3) or· the 

butyl est-er (28), with only the effect in the latter case, 

of making the hydrolysis of the resulting ester more difficult.,. 

The readtion will also take place with compounds of the type 

~CH
2

CHC1COOR. For ex.ample, bromo8butyr1c ester may be con-
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
*Buchman, Reims, and Schlatter, in unpubl1shed work, have 
carried the synthesis as far as the 1. 3-diamine. 'Ihe work 

has been held up due to present conditionso 
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densed to y~eld a higher homologue of cyclobutane~dicarbox~li c 

ester ( 3) • 

The mechanism of the reaction is obscure. It is known 

that the reaction of methyl acrylate with sodium methoxide 

does notL yield significant- amounts of four-rinK compound but 

111:st·ead yields cil.-methylerte:::-glutaric ester ( 9) o The Markown1-

koff reaction itself yields none of the latter open-chain 

isomer (28). If ~ - chloropropionic ester is treated with 

sodium ethylate, cyclobutane2dicarbox-ylic ester 1s not_ 

detectable,, but the end-product is again (~8) 1 o<.-methylene -

glutaric ester. None of these reactions yields a detectable 

quantity of 1,2- cyclobutane~dicarboxylic acid -(9, 28) either 

cis or trans. Consequently,, acrylic ester or any intermediate 

form which would stabilize itself in part to Cf½=CH-COOR 

appears to_· be excluded as the intermediate. Thus, the polymer, 

CH2 ::C-COOR , °' -methylene~glutar1c estet ~ could probably 
CH2-CH2COOR 

not be an intermediate. 

It is important to extend the knowledge of the limitations 

of the reaction. Experiments which might. directly bene1'1 t 

this research are investigations of the action of sodium 
,,y 

ethox~de upon compounds of the type: ctt3cmc-Y or ctt3cx ,y, 

where x represents a h~logen atom and Y is a grouping such 

as COOR, CN, or NO2 • 

In this work,, the reac.tion of sodium ethoxide with ..,_ 

ct.•chlor, d.. -methylcmalonic ester was carried out. The product 
- -

was not 1,1,3,3.,....cyclobutane~tetracarboxylic (19) ester as 

might be e:x-pec ted from analogy to the Markown1kof1' reaction, 

but was instead tran~dimethyl~succinic acid. The starting 

material was prepared by condensation of ethyl propionate 



and ethyl oxalate in the presence of sodium ethoxide ( ·10)) to 

give CH3-~CH-COOC2&5 which upon heating loses carbon monox-ide 
I 
CO-COOC2Hi::; 

(11)'; to yield 0(-tliethy~malonic ester. Chlorination with 

sulfuryl chloride results in the required starting material,, 

d.. -chlor,. o( -methyJ;:malon1c est.er, . which has not previously 

been described~ 

The structure of the condensation product, trans-di

methyl::::succinic ester, was proved by saponiflcation, con

version to the ci s -anhydride., and then to the ci s-acid. A 

sample of trans-acid was obtained from Professor Ho J. Lucas 

and at each step,. a satisfactory mixed melting point was 

obtained. 
i l 

In the Markownikoff reaction,, either a 

fragment reacts with another to yield the- cyclobutane ring 

directly or two such fragments react to yield -an intermediate 
l '-/ 

of the type: _ -Q_-c:--cooc2H5.*:- An attempt was made in 
cr2H5ooc-Q.- ,c,- , 

this series of ex,periments to synthes_izB d. -chlor,, ~ - methyl-

glutaric- ester, CH2CHClCOOC2H5 by the following series 
02H500C-Cli~CH3 

of reactions: 

CH 7 

I 3 
1 COOMe 

C:•C-OOMe + Na-cm: . 
' COOMe - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - ~ ~ 

*Dr. s:. Winst.ein (tJoC.LoAa -) in a prive,te communication,, 
postulates GH2-cH2 .... -cooE"t:, as a possible intermediate formed 

I -

CH3 -C-:-COOEt 
I 
Cl 

by the addition of a CH3CHC1C.00Et., fragment.. to CH2 ::: CHC:OOEt, 
under the influence of sodium ethylate. Experiments totes~ 
this hypothesis have not yet been carried out. 



Cl · 
\ 

CH -c ... COOMe 
, 2 '•cooMe 

CH3-CH-COOMe 

c:1 
I 

CH2-CH-COOH 
I 

~ CH
3

-CH-COOH 

) 

Cl 
I 

CH- 0 ,.. COOH 
\.~- "COOH-

CH3~CH-i-COOH 

Cl 
I 

• CH2 -CH-COOE.t 
I 

--) CH3-cH-COO£± 
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The literature contains examples of the formation of 

glutani..c. ester derivatives which are pertinent to tne present. 

problemo Cox, Kroeker, and McElvain (12), using sodi um ethyl

ate as the condensing agent, brought about the fo l lowing 

reaction: 

COOEt 
""T I 

COOEt 

EtOOC-CH-COOEt 
I 

CH2 
I 

CH
3

-ctt-COOEtt 

CO- CH-COOEt. 
NaOEt ) / 1-

COOEt ~CH2 1 
CH-COOEt 
I 

CH3 

heat)., > 

Gidvani, Kon and Wrigh t ~ (13) preparect. o<.-carbe,:,t1o~y"' 

o{
1--methyl~lutaric; ester by the redu.c1:,ion of e,:,nyl• °" • 

carbetho~1- ¥-methyl:glutaconate with an aluminum amalgam. 

vocke (14) carried out a series of :reactions, s,:,arr.ing 

from methacrylic ester, proceeding through o(-methyly f3 .. 

bromOC-propionic ester, which upon condensation with. sod1o-



I 
malonic ester yielded c:,( -methyl •, o( -carbethoxy.:,glutaric 

ester. 

CH2 -= C-COOCH3 HBr) BrCH2_-CH-COOCH1 
I I 
CH3 CH3 

,... COOEt 
Na-CH 

'COOEt 

Ingold (15) carried out a cundensal,lon bet,ween - o<. -l.(lethyl 

·o<. -hydroxy~propionic ester and sodior:-r cyano::::acetic ester to 
( 

yield the corresponding cyano derivative,, oZ-cyano,, ~ -

methyl~glutar1c ester. 

Michael ( 16) reacted crot,onlc ester wi t.h sodio-ma.1.onic 

ester in the following manner: 

,... COOEt:, 
Na-CH 

'COOEt:, 

CH-CH3 . 
+ \I 

CH-COOC2Hs 

.,, COOEt: 
CH3-CH ... CH 

I ' COOEt 
CH2COOEt 

Auwers, Kobner, and Meyenburg (17} carried out tne 

following types of reaction both with sodio-malon1c ester, 

and wi,:,h r:J.. -alkyl derivatives 01· 

EtOOC-CH 
I\ + 

EtOOC-CH 

EtOOC-CH 
I\ 

EtOOC-C-CH3 

R 
I 

Na•C(COOEt)2 ) 

--t- Na-CH(COOEt)2 

it: 
R 
\ 

EtOOC-CH-C(COOEt)2 1\ 
EtOOC-CH2 

Na 
I 

CHy•C-COOEt 
I 
CH-COOEt, 
I 
CH(COOEt) 2 



The attempt to condense methyl methacrylate with sod1o -

d1methy12malonate in the presence or sodium-methylate result

ed 1n a high boiling ester which did noi:. a.na..1.yze correctl.y, 

and could not be chlorinated. FU.rther investigations were not 

carried out because of the pressure of other work. 

Since our primary interest lay in finEi.i..ug a practical 

method of preparation for 1, 3-cyclobu tane";d.icarooxr .1.ic acid 

1 t was decided to seeJ:C otner possible methods of preparation 

of the desired compound. 

Welch (18) described the preparHtion of o<'. -iodomethyl

acrylic acid from ethyl di-(hyctroxymethyl) malonatre and 

hydriodic acido , Analogously to the work described above 

(12, 13, 14, 15, 16), this compound shou.1.d react. with sodio 

malonic ester in one or both of the following ways: 

CH2 = c-CH2I + NaCH( COOE1i)2 __ _ 
I 
COOEt. 

COOEt 
I 

CH2 ::: C-OH2 
I 

CH( COOEt)2 

COOEt 
I 

CH -CH-CH I 
I 2- 2 
CH(COOEt) 2 

I 

II 

If reaction I takes place, addition of a hydrogen halide to 

this compound, should, since r.> -unsaturated acids act" 

contrary to Markownikoff 1 a rule for the addition of a 

hydrogen halide to a double bond,. give the same product_ as 

that which would result if reaction II occurs. 

In any case, condensation of either of these compounds 

with sodium ethylate may result in the c.1.osure of the four 



ringo The starting material, o(. -iodo::methacrylic ac1ct.,has 
I 

been prepared at this writing,, but the condensation was not 

attempted. Difficulty was encountered in esterifying the 

compound and this work had to be abandoned for the durat1Uh 

of the war. 

In co-nnection with this line of attack, other possible 

syntheses of 1,3-cyclobutane derivatives have been considered 

and are projected for such a time as this worK can be under~ 

taken once more. The condensation of o<., e,1/ ... dicarbethox"Y

glutaric ester with methylene dihalide in the presence of 

sodium ethoxide 

,.... COOR 
CH2-C 

ROOC \ I 'COOR 
) ~C-CH2 

ROOC 

has received some preliminary investigation at the hands of 

Buchman and Schlatter (28). The results were not promising_, . 

but further work on the reaction is deemed worthwhile, since 

many examples of condensa t.ions with methylene halides have 

qeen reported in the literature. The preparation of 1,1,3,,3 -

tetra-=ca.rbethoxy.::::cyclobutane has been reported (19). 

Guha and coworkers have been responsible for mucn work 

in condensing methylene halides with various esters and the 

following reactions have been carried out (20, 21): 

.,. CH(COOEt)2 

CH2 ' CH( COOEt-)2 + CH2I2 
) 

EtOOG / COOEt 
'c / 

CH2 .r CH2 
'C 

EtOOC ✓ "cooEt 
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Kerr (22) condensed Guaresch1 's imide (23) wi t.h methylene. 

iodide to yield ultimately norpinic acid in the following 

manner: 

CN 
\ 

,.cH~co· 

CN 
\ 

(Cff ) C 'NH 
3 2 'CH-CO 1 

_ ,. ~-co, 
c~~I2 ➔ ~ CH3) 2 C' 6~~ / NHi -a-=1-~-a .... f...-,i➔, 

I 
CN 

,, CONH2 
HOOC-C 

--, .( CH3 )2C -: C;.. CH2 

HOOC / "'CONH2, 

heat> 

I 
C.N 

H20 
NaOH -1 

(cone) 

COOH. 
I 

,,,CH...._ 
(CH3)2C '- ,, CH2 

CH 
I 

COOH 

In 18ts7,, Perkin (24) •. prepared l,.1-cyclobutane~dicarboxl"' 

ylic ester by the condensat.ion of ethyl malonate wit,h trimethyl• 

ene dibromide in the presence of sodium ethylate: 

NaOEt) 

Improvements of this synthesis were made by He1s1g and Stodola 

(25)~ Wibaut (26)"' and Fischer (27) o 

Similarly Owen, Ramage, and Simonsen (29) prepared 

3,-3-dimethyl-,-l, 1-cyclobutane::.dicarboxylic ester by hea t.ing, a 

mixture of potassio-malonic ester with l,3-d1bromoy2,2-dimethyl
o pentane at 130-14o C for thirty-six-. hours: 



CH -C( COOEt,) 2 I \ CH3 , C / CH2Hr 

CH3 / ' c~Br 

,, COOEt 
-+ K-CH 

"'COOEtt 
CH -c -CH-) 3 1 -~ 

CH3 

L. Blanchard (30) carried out a reaction or the same type as 

follows: 

,,- COOEt 
NaHC • 

"COOEt 
heat. ) 

Analogously, it should be possible to carry out the con

densation of 2""' carbethoxy,1,,3· dibromc2p 'O pane with sodio

malonic ester to give 1,1,3-tricarbethoxy~cyclobutane, which 

could easily be hydrolyzed and decarboxylated to yield the 

desired l,3~d1carboxy~cyclobutane. 

In order to investigate this possibility, 1 t. was 

necessary to prepare the starting material, 2~carbethoxy ~ 

1,3-dibromo:propaneo 

BrCH2-CH-CH2Br 
I 

COOEt 

The possible methods which presented themselves were: 

a) starting from dimethylol:malonic ester (31)~ 

HOC82, C ,, COOEt. 

HOCH2 / "cooEt 

or starting from o{ - (iodomethyl) acrylic ester (18), , 

cH2 == c-cooEt 
I 
CH2I 



b) starting from dimethylol::::acetone or its equivalent, 

or 
CH OR 

CH CO-CH.,,, 2 

3 'CH OR 
2 

c) starting from acrylic ester and adding formaldehyde 

or its equivalent, 

C~-::: CH-COOEt -t- HCHO 
H20 ) 

HOCH2 , 
CH-COOEt, 

HOCH2 
/ 

HaO 
HOCH 

CH~t CH-COOEt + ROC82X· :=, 2 
' CH-COOEt .. 

ROCH2 / 

a) r. H. Gaul t and A. Roesch (31) prepared dimethylolmalonic 

ester by the dondensation of formaldehyde with malonic ester 

in the presence of potassium carbonate. The co~pound has also 

been prepared by Welch ( 18);. Gault and Roesch ( loo. cit.} 

prepared the diacetyl and dibenzoyl derivatives of dimethylol

malonic ester. 

. 2HCHO 
/ COOEt 

+ CH 2
' COOEt 

CH
3

COOCH2 , ,,- COOEt 
-----1 - C 

CH
3

COOOH
2

/ '\ COOEt 

¢-coo-CH2 , / COOEt 

A. C' 
1./,J -coo-0H2 / COOEt 

HOCH2 , ,, COOEt 
> C ------
., HOCH2 / COOEt 

The dibenzoate was a crystalline, stable compound and the 

diacetate was easily distil1ab1e, whereas the glycol derivative 

itself was extremely heat labile, yielding methylene2II1a1onic 

ester upon heating. They were unable to carry out the hydroly

sis of this ester with hydrochloric acid, but were suc~essful, 

when it was carried out 1n 10% potassium hydroxide, in isolat~ 



ing dimethylol,2malonic acid. They attempted to decarboxyiate 

this compound, but were unsuccessful, and succeeded only in 

isolating a compound which was almost compietely insoluble 

in water and practically all inorganic solvents. They were 

unable to identify this material. An attempt was made to 

prepare monomethylol~malonic ester by addition of one mole 

of formaldehyde to one mole of malonic ester, and also by 

decomposition of the dimethylol compound, but both methods 

resulted in the formation of methylenecmalonic ester. The 

latter compound was the usual end product when the dimethylol

malonic ester was subjected to even mildly strenuous conditions. 

Starting from dimethylol::malonic ester, several routes 

presented themselves. 

1) The material cou1d be saponified, converted to an 

ether, and decarboxy1ated as follows: 

HOCH2 , ,, COOEt 
C 

" COOEt 

HOCH2 / COOR 
'- C 

HCCH2 / ' COCH ) 

ROCH2 / COOH 
"c 

ROCH2 / ' COOH ~ 

---, 
ROCH2 

'CH-COCH 
/ 

ROCH2 

The latter material might then be esterified, reconverted to 

the diol, and bromination of the alcohol groupings attempted. 

ROCH 2 
"- CH-COOR 

ROCH / --➔ 
2 

ROCH 2
' CHCOOEt 

ROCH2 / 

HOCH2 -..... CHCOOEt 
H OCH2 / ----, 

2) The diacetyl deri va ti ve of' dimethylol:::,maloni c acid 

could be prepared and an attempt made to convert it dlrec~Ly 



to d~(bromomethyl) malonic ester with saturated, aqueous 

HBr by the method of Wilson and Lucas (32): 

CH3COOCH2 , C / COOEt BrCH2 , C ,,, COOEt 
/ , HBr --, , 

CH
3

COOCH2 COOEt. BrCH
2 

/ COOEtt. 

3) The starting material might be converted to J.. .. 

(iodomethyl) malonic acid, by the method of Welch (18), 

esterified, and this reacted with hydro halogen acido 

::: C-COOEt + HX XCH2 \ 

CH2 I 
"CHCOOEt 

ICH .,, 
2 

4) The dimethylol~malonic ester could be sta·bilized 

by the addition of a molecule of formaldehyde to close the 

1,3-dioxane ring. 

HOCH2 , / COOEt 
a, 

HOCH
2

.,, COOEt 

/ o-c~' .--- COOEt 
~ CH2 C, + H2 0 

----7 '0-CH .,, OOOEt 
2 

HCHO 

Saponification, decarboxylation, and reesterificati on would 

then prepare the molecule for efforts to brominate the 

alcohol linkages. 

b) Dimethylol~acetone may be prepared by the action of 

formaldehyde on aeetone below 6o0 c in alkali at pH 10 {136) • 

After protection of the methylol groupings, attemp~s may be 

made to convert the CH
3
-co- group to HOOC-, perhaps by the. 

iodoform reaction; for instance: 

Attempts may then be made to convert this compuund to 

the desired one, BrCH-
-&! " CH-COOH 

BrCH2 .1 

c) H• J:o Prins (31 ) described the addition of formaldehyde 



to such double bonds as are found 1n styrene, pinene, 

li.monene, etc. He postulated the forrnat1on of a cyclic ether 

to which a molecule of water adds to yield the corresponding 

glycol: 

- CH -= OHR HCHO> 
I 

CH-CH--R 
I I 
CH2-o 

F. Straus (34) reported an additive react.iou uf cu.w

pounds of the formula RO-CH2-x wl th an olefin linkage in tne 

following manner: . 

RCH :::: CHR R-CH•yH-R 
I X 

ROCH2 

Further examples of this type of addition are given by 

Fo J. Walker in his monograph on form~ldehyde (35). 

Occasion was offered to examine only react.ion (a). In 

this investigation, , the work of Gault and Roesch was repeat

edo Several attempts were made, following their direc t ions 

carefully, but it was found impossible to crystallize the 

oil obtained from formaldehyde and malonic ester even after 

five months in the cold room. However, it was found possible 

to show the presence of the dimethylol2IDalon1c ester in the 

oil by the preparation of a diacetyl derivative which dis

tilled at the same temperature as that described by the 

origiqal authors, and a dibenzoyl derivative which melted 

correctly and analyzed well. 

The d1acetyl deri va ti ve was treated with saturated 

aqueous HBr (32) solution. Ethyl bromide separated, and, from 

the aqueous layer, an oil was isolated which ~educed potassi-



um permanganate, decolorized bromine water and proved to be 

halogen free by sodium fusion test and was not further in

vestigated. 

Hydrolysis of the crude dimethylol::.malonic ester could 

not be effected by potassium hydroxide. '.rhe instability of 

this compound which decomposed upon the slightest pro~ocation 

to methylene~alonic ester, made further work .in this direction 

r~ther unpromising. The problem was aoandoned temporarily at 

this point due to the pressure of war work. 



EXPERIMENTAL 

Attempted Preparation of 
I 

d.. -methyl, o<. -carbmethoxy::-g.1utar1c 

dimeth;y:l ester. CH3 I 

/ CH-COOCH3 
CHi. 

CH-COOCH3 
\ 
COOCH3 

23 gms. of sodium were dissolved in 550 gms. of absolute 

methyl alcohol, with cooling. With stirring, was added 132 gms. 

of dimethyl malonate. The sodium salt of dimethylzmalonate 

crystallized out in a fine slurry. 100 gms. of methyl-::meth.,. 

acrylate were then added with stirring. 'rhe crystals dissolved 

4 0 -as the mixture warmed to 5 c. After stirring for 16 hours, 

the solution darkened to a light orange. It was then ref.lu~ed 

on a water bath for two hours, and drowned into one llter of 

ice water. The oily phase was taken up in ether, . and. t.he 

water layer extracted with ether. The ether extracts were 

combined and dried over Na2so4, the ether evaporated and dis• 

tilled in vacuo. 65 gms. of extremely viscous product w~re 

recovered at 209-212°c/29mm. It was refractionated and a 

fraction recovered at 139-139 .5°0/o .2mrn. It ~ analyzed 

poorly and attempts to hydrolize it with 4% alcoholic KOH 

failed. When chlorination attempts with sulfury 1 chloride 

also were unsuccessful, it was assumed that the product was 

not the desired one and work on it was abandoned. 

Analysis: C 
Calco 51";72% 

Found 53.56% 
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Preparation of Ethyl EthoxalylCPro.12iona te ( 10} 

69 gms o of sodium were powdered under xylene in a 3 11 ter 

3-necked flask. The mixture was cooled ~nd the xylene was 

decanted, the sodium being further washed with dry ether, 

by decantation. 1 liter of dry ether was then added. The 

flask was fitted with a stirrer, r eflux condenser and dropping 

funnel, the latter two being fitted with caci2 drying tubes. 

175 cco of absolute ethanol were added dropwise and the 

mixture was stirred over night to dissolve the sodium. The 

flask was immersed in an ice bath and a mixture of 306 gmso 

of ethyl propionate and 438 gms. of ethyl oxalate w&-r.e added 

dropwise. The mixture was stirred for two hours after the 

addition -was complete. The solvent was removed on a water 

bath, and 600 cc. of 33% aqueous acetic acid so~ution wa'(:£ 

added. The sludge was broken up and extracted w1 th f1 ve 500 

cc. portions of ether. The combined ether extracts -.w~r.:..-e. washed 

with one liter. of water, two 500 cc. portions of 10% NaHco3 
- and again with one liter of water, then dried over Na2so4. 

The ether was removed on a water bath and the residue distill-
we.1"e. -re.c.ove.,,.e.11., o 

ed. 319 gms. of product"boiling at 117-122 C/12mm. (uncorr.') 

with little forerun and little residue . (~': 

CH -CH-COOEt 
3 I 

CO-COOEt 

COOC2H5 
NaOEt > CH3-C .., 

7 ~C-COOC2H5 
I 

ONa 



rJ... - Methyl~Malonic Ester ( l.1.~ 

319 gms o of ethyl ethoxaly~propiona te was heated 

gradually until an evolution of gas began. The temperature 

was slowly raised to maintain a smooth evo.lution of gas, 

with refluxing finally attained at about 200°0, and continued 

until gas evolution ceased. The residue was disti.l.Led. 247 gms. 

of d..-methyl-diethyl.,malonate boiling at 194-196°0 ( uncorr.) 

were isolated. 

d.. -Chlor-, o( - Methyl-Diethyl Malona te 

247 gmso of o( -methyl,d1ethyl'~ malonate were pl.aced in 

a 1 liter r.b. flask with 200 cc. 01' thiophen-free dry benzeneo 

At room temperature, 191.7 gms. of sulfury.l ch.1.oride w£-c~ 

added with stirring. The temperature was increased to 50°0 

to initiate the reaction and it was then stirred over night. 

The benzene was removed on a water bath, and the residue 

distilled. 294 gms. (99%) of ma terial were collected at 111.5--

112.5°c/2omm. (uncorr.) Sodium fusion test for halogen was 

positive. The material boiled at 213°0 at atmospheric 

pressure without decomposition. 

Analysis: 
Calco 

Found 

~densation of o( -Ohlor,. o<'.-Methyl::::,Malon1c Ester 

250 gni.s. of ol -chlor, o<. -methyl , diethycmalona te in a 

1 11 ter r.b. flask, fitted with ref .Lux condenser, stirrer and 

rubber addition tube wa\£ heated to 100°c. The bath was re-
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moved and 94 gms. of Na0Et was added over l hour with 

stirring at such a rate as to maintain the temperature~ 

Much heat was evolvedo The bath was replaced and stirring 

continued at 120°c for one hour more. The mixture was cooled 

and drowned in a solution of 4o cc. H
2
so

4 
in 400 cc. H

2
0o 

The oil was separated and the aqueous layer extracted with 

3 portions of ether, 100 cc. each. These were combined with 

the oil and the whole was washed with saturated Na2 CO:; 

solution until neutral. The washings were re-extracted with 

two 100 cco portions of ether. All ether extracts were com

bined and dried over Na2S04• • The ether was removed on a 

steam bath and the residue -distilled in vacuo, , through a 

Vigreau column wound with asbestos cord. A fraction was 

separated at ll8-182°c/10rnmo This was refractionated and 

resulted mainly in two fractions: 1) 160-175°c/9mm. -

40 gms.; 2) 175-187°C/9mm. - 45 gms. These were hydrolized 

separately with 18.% alcoholic Na0H,. refluxing for six, hours. 

Water was added and the al.cohol distilleEl off, this procedure 

being continued until the alcohol was completely replaced by 

water. The solution was acidified and evaporated to dryness. 

The residue was taken up in ether and dried over Na2s04• The 

ether was evaporatedo Each fraction was treated in this manner. 

Each portion was recrystallized from dioxan, and resulted in 

identical crystalline compounds melting at 194.0-196.o0 c. 
(uncorr.) A mixed melting point of the two fractions gave 

no depression. They were combined and recrystallized from 

alcohol. A mixed m.p. wi~h a sample of 1,3-cyclobutane:di

carboxylic acid resulted in a 4o0 m.p. depression. An 
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analysis gave: C - 49.28%; H - 6.83% corresponding to 

C6H1004•· A mixed m.p. with trans - d,.., t:/...
1

-dimethyl~succinic 

acid gave no m.p. ·depression. The mat.erial was heated above . 

1 ts m.p. for 1 hour, and readily gave up water. The product 

melted at 75-76°c and gave no m.p. depression with cis-di

methy~succinic anhydride. 'l'he material melting at 75-76°0 

was boiled with a small quantity of water, cooled, and 

saturated with- HCl gas. A crystalline compound separated 

melting at 120-121°c. It gave no m.p. depression with cis

d1methyl=succ1nic acid. 

Dimethylol~Ethyl~Malonate (31) 

80 gms. of diethyl::malonate were added in 10 cc. portions 

to a solution of 100 cc. of 37% HCHO in water and 1 gm. of 

~co
3 

in 3 cc. H20, over a period. of l hour. After each ad

dition, heat was evolved and the mixture was coo1ed to room 

temperature before the next addition was made. The mixture 

was stirred one hour after the addition was complete. 200 cc. 

of saturated ( NH4 ) 2so4solu tion ~§1--~ added and the oily layer 

taken up in 100 cc. of ether. The resulting aqueous phase 
' 

was saturated with (NH4)
2

so
4 

and extracted with 50 cc. of 

ether. The ether phases were combined and the soJ.vent evapo

rated on the steam bath. A stream of dry air was run through 

the residue for 20 hours, and the residue was then placed in 

the ice boxo No crystallization had occurred after five months 

at 4°Co 
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Diacetate of Dimethylol-Ethyl~Malonate (31) 

66 gms. of crude dimethylol' malonic ester w~ treated 

with 60 gms. of acetyl chloride while coo1-ing in an ice bath, 

the additi~n being made slowly over 30 minutes. The solution 

was allowed to stand for two hours at room temperature, and 

was then drowned into an excess of NaHco
3 

solu t.ion and. ice. 

This was extracted with ether, the extract washed with 

NaHC03 solution, then with water. It was dried over MgS04. 

The ether was _ removed under reduced pressure •. 44 gms. of 

material boiling at 173-175°0/llmm. (uncorr.) weni recoveredo 

Dibenzoate ( 31) 

Th"e di benzoyl deri va ti ve was prepared simi1-arly to the 

preparation of the diacetyl deri va ti ve,, using benzoy~ hloride. 
0 

It melted at 96-97 C ( uncorr.) and gave in analysis _: C -

64042%; H - 5.78%. Calculated for the compound is C - 64.49%; 

H - 5.61%. 

Attempted Preparation of Dibromomethyl--Ethyl::Malonate 

44 gms. of diacetate of dimethylol:malonic ester were 

dissolved in 100 cc. of saturated aqueous HBr solution and 

allowed to stand at room temperature for 20 days. A current 

of air was run through the mixture at reduced pressure to 

remove the ethyl bromide which had separated. The soiution 

was neutralized until still strongly acid but no longer 

miscible with ether. It was continuously extracted with 

ether for 24 hours. The ether was removed on a steam bath. 
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The residue was an oil which reduced alkaiine KMno4 • It 

distilled at 194-196°c to give a clear colorless product 

which \J.ois negative in sodium fusion test for halogen. It was 

not further investigated. 

o{-Iodomethy~Acrylic Acid (18) 

16 gms. of crude dimethylol~malonic ester and 66 gms. 

of hydriodic acid solution (d::.1.70) were refluxed for 45 

minutes and then allowed to stand over night. The mixture 

was refluxed again for 4o minutes using hot water in the 

condenser to allow ethyl iodide to escape, but recondensing 

the hydriodic acid. On cooling, white crystals precipitated. 

These were filtered and recrystallized from hot w~ter. 3 g~s. 

of cream-colored plates melting at 98-100°0 (uncorr.) were 

isolated. The silver salt was precipitated with AgN03, 

washed and refluxed with ethyl iodide in absolute ethanol 

for 5 hours. The precipitate was filtered off and the alcohol 

evaporated. The residue was distilled, and came over at 4o-

50°c/20mm. The distillate was dark red. An ether solution of 

the distillate was shaken with alkaline KI solution, th~s 

extractin~ the iodine. The ether layer was dried, after washing, 

over MgS04. After removing the ether, the product distilled 

water white, but after standing fo·r 24 hours, it ha.d turned 

red, obviously liberating iodine again. No further work 

• could be done on this because of' the pressure of war worko 
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III• THE SYNTHES.IS OF ORTHO AND META ARSANILIC .ACID 

With the purpose of paralleling the work done by 

L. Pauling, , D. Campbell, D. Pressman, and others, (1) . 

on precipi t.ation reactions between antibodies a,nd substances 

containing two or more para-arsanilic groups,, research. w~s 

undertaken to prepare ortho ( IV) and meta (Ir} arsanilic 

acids. 

I II 

~ AS03H2 

: "' • I, 
~ / 'N02 

III IV 

Bertheim and Benda ( ,2) , , by heating arsenic acid w1 th 

parani traniline, prepared, in very poor yield, 5 -ni tro - • 

2-amino::))henyl::,arsonic acid which was dlamina ted to yiel.d 

the desired ·m-nitro:,phenyl-:arsonlc acid. (I). This l.att.er 

compound has also been prepared by Schmidt ( 3) by treatment. 



of diazotised meta-ni traniline with an -alkaline so.1ution 01· 

sodium arsenite, and by Michaelis and Loesner (4) by nitration 
~, 

of pheny1::arsonic acid. 

In this present work, a somewhat exhaustive study of 

the n1 tration of phenyl::arsonic acid was made •. The latter -

compound was prepared by the method of Bullard and Dickey (5) 

by treating- d1az.otized aniline with sirupy arsenic acido (tsO ... 

85%). The nl trat1on 'of this compuund was found to be ex.• 

tremely sensitive to the amount of water present in tne re

action mixture. Use of fuming nitric acid in concentrated 

sulfuric acid resulted in good yield if refluxing were 
-

carefully controlled. If the mixture was refluxed too 

vigorously, some water was lost through the condenser, and 

charring of the substance occurred. Ori the o"Ciher hand,, the 

presence of a comparatively large quantity of water,, as 

represented by the substitution o~ concentrated HN03 for 

fuming HN0
3

, resulted in no reaction whatsoever. 

Reduction of ~ -nitro~henyl~arsonic acid (I) to the 

corresponding w. -arsanilic acid (II) has b.een reported by 

Boehringer and Soehne (6),, who used catalytic hydrogenation 

with palladium catalyst on a barium sulfate carrier to bring 

about the reaction. Several attempts to repeatr this process 

were unsuccessful, probably due to poisoning of the catalyst 

by free ~rsenic salts present either a.s an impurity or from 

reduction of the arsenic acid group. The latver possibility 

1 s included because of the lack of reac "tion even with care

fully purified nitro body, or with material which had been 



prepared under conditions in wnich no free arsenic saLts 

were presento 

The reduction of ·M-nitro~pheny12arsonic (I) acid was 

carried out by Jacobs and Heidelberger (7) througn the use 

of" ferrous hydroxide. This work was repeated, and was success

ful, but resulted in extr...emely poor yields. In the present 

work, extremely rapid reduction in alrno st quan ti ta tl ve yield 

was readily accomplished by the catalytic hydrogenation 

process, using Raney Nickel as catalyst. 

0 -ni tro:phenyJ..:arsonic acid (III) has been prepared 

by Jacobs and Heidelberger (7) by trea tment of diazotised 

o -ni traniline with alkaline sodium arseni teo However, in 

the present work, the preparation of'. (III) was found to be 

much simpler if the preparation of it be carried out through 

the diazonium borofluoride (V) as intermediate(~). 

V 

( V) is a stable crystalline compound which can be washed 

thoroughly and recrystal.tized to purify 1 t. •rhe purification 

of the intermediate decreases the amount of decomposition in 

the subsequent reaction with sodium arsenlte. 

Investigations· of the reduction of (III) to yield 0 -
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arsanilic acid (IV) gave much the same results as reduction 

of the corresponding meta derivative (I). Catalytic reduction 

with palladium catalyst could not be accomplished, and ferrous 

hydroxide reduction resulted in poor yield, but cataly~ic 

reduction with Raney Nickel catalyst was easily and rapidly 

carried out in good yield. 



-4-7-

EXPERIMENTAL 

Phenil::Arsonic Acid (5~ 

500 gms. of anhydrous sodium carbonate were dissolved 

in one liter of boiling water. When dissolved, 250 gms. of 

arsenious oxide and 11 gms. of crystallized copper sulfate 

were added. When all was dissolved, the mixture was allowed 

to cool slowly with stirring. 

Concurrently, to a mixture of 186 gms. of technical 

aniline, 400 ml. of concentrated hydrochloric acid, one 

liter of water and crushed ice to a voiume of 3 liters, was 

added slowly, a solution of 145 gms. of sodium nitrite in 

500 ml. of water. ·rhis was stirred to an end point on KI

starch paper. 

The solution of the diazonium salt was then added with 

stirring over a period of one hour to the suspension of 

sodium arsenite, which had been cooled to o0 c in an ice bath. 

The temperature was held down below 5°c during one hour after 

addition was complete. The mixture was then allowed to come 

to room temperature, filtered and evaporated to a volume of 

1.5 liters, whereupon crystallization occurred. Precipitation 

was completed by the addition of 450 ml. of concentrated 

hydrochloric acid to a pH of 2.0. The voluminous precipitate 

was washed and reprecipitated from one liter of boiling water 

by the addition of 15 ml. of concentrated HCl. This was then 

recrystallized from 500 ~l. of boiling water to which was 

• added 2 gms. of decolorizing charcoal. ·Toe material was 

filtered and dried in vacuo over calcium chloride. 194 gms. 
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( 45% of theory) wer-1. r ecovered, melting sharply at l56-?,0 c ; 

( uncorr.) 

Nitration of Phenyl~rsonic Acid (4) 

57 gms. of phenyl~arsonic acid were dissolved in ~7i.5 

gms. of concentrated sulfuric acid. The mixture was warmed to 

8o0 c, and partially dissolvedo By heating to· 135°c, the ma

terial was completely dissolved. The soJ.ution was transferred 

to an all-glass apparatus f1 tted for refluxing. 38.2 gm~. of: 
,, 

I 

yellow fuming nitric acid were added. Solution became orange-

brown in coloro It was heated to boiling and refluxed for 

four hours, then cooled and allowed to stand for forty-eight 

hourso The solutiqn was heated again to boiling and refluxed 

for three ho~rs, then drowned into 100 gms. or ice, and left-, 

in an ice bo»: over nigh to The white crystals which separated 

were filtered and recrystallized from 250 ml. of boiling 

water, with 2 gmso of decolorizing charcoal. After a second 

recrystallization from 150 ml. of water, 40.0 gms. (57•9%) 

of gleaming c.ream•colored crystals were recovered. Nitrogen 

positive by sodium fusion test. 

Bart Reaction ( 3) 

A catalyst was prepared by dissolving 106 gms. Na2co3, 

50 gms. As2o3 and 2o2 gms. CuS04 in 200 mlo boiling water, 

and subsequently cooling to o0 c with stirring. 
I 

Concurrently, a mixture of 32 gms. of meta-nitran1~ine 

in 115 ml. of water, 47 gms. concentrated HCl, and ice to a 

volume of 600 ml., was diazotised at 5-10°c with 16.9 gms. 



NaN02 in 50 ml. of water. The diazonium soiution was added 

with stirring to the cold catalyst in one hour, ho~ding the 

temperatur~ below 10°c. Much foaming occurred, and was con

trolled by the addl tion of small quantities of benzene at 

intervals. T'.ae mixture was stirred at 20°c for one hour after 

foaming had subsided and left in an ice box over night. The 

tarry precipitate which separated was filtered and the 

filtrate concentrated to a volume of 300 m~. Concentrated 

HCl was added to slight alkaline reaction to litmus. The 

tarry precipitate was again filtered and the product was 

precipitated by the addltion or HCl to a pH of 1.9. The 

mixture was cooled at o0 c over night, the precipitate filter

ed and recrystallized from 250 ml. of· boiling water, with 

use of decolorizing charcoal. 11.5 gms. of the desired ma

terial (20.3% of theory) wer.a iso.Lated. Nitro.gen positive. 

~- -Arsanilic Acid (7) 

4o gms. of ~-nitro2,phenyl2arsonic acid was dissolved 

in 150 ml. of 6% sodium hydroxide solution, and cooled to 

room temperature. 250 gins o of ferrous sulfate heptahydra te 

was dissolved in 750 ml. of water and 200 ffiio ol 25% sodium 

hydroxide solution was added to strong alkaline reaction. 

To this was added the ')IV\-nitro:::::Phenyl~arsonic acid s01ut1on, 

The green sludge of ferrous hydroxide immediately became the 

reddish brown of ferric hydroxide. The mixture was stirred 

vigorously for five minutes, then centrifuged. The supernate 

was ev&porated to 300 ml., acidified to slight reaction to 

Congo Red paper, and cooled over night at o0 c. Red needle-
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like crystals were isolated and recrystallized from 300 ml. 

of boiling water, using 0.5 gms. of decolorizing charcoal. 

13.1 gms. of yellow needles were collected ( 38%) which. 

softened at 208°c and melted at 212-215°0 with decomposition 

and gas evolution. 

Reduction with Raney Nickel. 

, Five gms. of "Wlo-nitro:pheny1=arsonic acid were dis

solved in 100 ml. of warm water, and just neutralized with 

sodium hydroxide solution. 10 gms. of Raney Nickel was added 

and the mixture hydrogenated at 50°c in a Burgess-Pahr 

apparatus at three atmospheres pressure of hydrogen. A 

quantitative volume of hydrogen was absorbed. The nickel 

was filtered and the solution acidified to pH 2.5 with HCl. 

This was cooled over night at o0 o, and the precipitate.was 

filtered. Recrystallized from 200 ml. boi.l.ing water. 4.0 gms. 

(91%) of colorless crystals were recovered melting at 212-

215°0 with decomposition and gas evolution. 

o •Nitro Phenyl Arsenic Acid (8) 

184 gms. of boric acid was dissolved in 450 gms. of_ 48-

52% hydrofluoric a·cid in a copper beaker. To 110 ml. or this 

solution of fluoboric acid we:.-re added ;,:4 gms. ·or o -ni traniline •. 

This was cooled to o0 c, and a cold so~ution of .l.7 gms. of 

sodium nitrite in 34 ml. of water was added wi'th stirring. 

The mixture was stirred for twenty minu. t.es, the precipitate 

filtered and washed successively with 25 ml. of HBF4, two 

30 ml. portions of 95% ethanol, and three 25 ml.. portions of 

ether, then dried in air. 
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Concurrently 52 gms. of Na.As02 and 6 gms. 01' cuprous 

chloride were dissolved in 600 ml. of water. The dry dia

zonium borofluoride was added over one hour with stirring. 

, 100 ml. of 2.5 M sodium hydroxide soLution was added during 

the reaction to keep the pH at 8.5-9.5. The mixture was allow

ed to stand at 20°c overnight, then warmed at 65°0 tor · tn1rty 
' minutes. Hydrochloric acid was added to litmus acidity, and 

the solution was concentrated with charcoal to 200 ml. This 

was filtered and made acid to Congo Red with HOl. The pre

cipitate was filtered .and recrystallized froru boiling water. 

38 gms."of light yellow product W~'(cl. recovered whicn softened 

at 230-235°0 and decomposed at 255-260°0 • 

. o -Arsanilic Acid 

, The sodium salt of c:, -ni tro:phenyl::_arsonic acid was 

catalytically hydrogenated with Raney nickel in 85% yield 

exactly as in the reduction of the meta compo'-:lnd. Reduction 

by ferrous hydroxide (7) was also accomplished as above in 

45% yield. 
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