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INTRODUCT 1ON

THE STUDY OF ELECTROLYTIC REACTIONS OF ORGANIC COMPOUNDS WAS FIRST
ATTEMPTED SOON AFTER THE DISCOVERY OF THE ELECTROLYSIS oF water in 1800,
THESE REACTIONS WERE NOT USED IN SYNTHESIS UNTIL AFTER 18&7 WHEN KOLBE
DISCOVERED THAT ALIPHATIC HYDROCARBONS COULD BE MADE BY THE ELECTROLYSIS
OF THE SALTS OF ALIPHATIC ACIDS., THE FIELD HAS GREATLY INCREASED SINCE
THEN, AND §T 1S NOW POSSIBLE TO CARRY CUT SYNTHESIS BY ELECTROLYTIC RE=
DUCTION, OXIDATION, CATHODIC COUPLING, ANODIC COUPLING, AND SUBSTITUTION,

IT WAS THE PURPOSE OF THIS WORK TO ATTEMPT ONE MIXED KOLBE REACTION
AND ANALYZE ITS PRODUCTS QUALITATIVELY NOT QUANTITATIVELY, |F TIME PER=

MITTED, QUANTITATIVE ANALYSES WOULD BE ATTEMPTED,



HISTORY

THE KOLBE ELECTROLYSIS, AS HAS BEEN PREVIOUSLY MENTIONED, 1S NOT A
NEW PROCESS; BUT MORE INTENSE INQUIRIES INTO THE NATURE OF THE SYNTHESIS
HAVE BEEN MADE QUITE RECENTLY, AS A BASIS FOR THE UNDERSTANDING OF THE
KOLBE REACTIONS, G. W. THiESSEN (10) HAS WRITTEN AN EXCELLENT PAPER, THE
BASIC FACTS OF WHICH WILL BE INCORPORATED IN THIS PAPER. THIESSEN SETS
DOWN IN HIS PAPER THREE BASIC THEORIES WHICH ARE SAID TO ACCOUNT FOR THE
REACT |ONS,

THE FIRST OF THESE THEORIES STATES THE MYDROGEN PEROXIDE, FORMED BY
THE ELECTROLYSIS OF WATER, REACTS WITH THE RCOOH or (RCO0™), 178 10w, To
PRODUCE THE DESIRED PRODUCTS. ANOTHER THEORY IS THAT OXYGEN TRANSFERRED

FROM THE ANODE TO THE ACID PRODUCES THE DESIRED PRODUCTS. THE ripaL

THEORY, WHICH SEEMS TO BE THE MOST LIKELY, 18 THAT THE FREE RADICAL RCO@"

FORMED BY ELECTRON REMOVAL FROM THE ACID JoN RCOO™, coMES FIRST, R* 18
FORMED NEXT BY L0SS OF COp AND FURTHER REACTS TO FORM THE PRODUCTS,

THE OPTIMUM CONDITIONS FOR OPERATION AS SUGGESTED BY THIESSEN ARE
AS FOLLOWS:

A) THE ANODE SHOULD BE OF SMOOTH PLATINUM.

B) THE TEMPERATURE SHOULD BE LoOW,

¢) THE CONCENTRATIONS OF THE REACTANTS SHOULD BE HIGH,

D) THE FREE ACID SHOULD BE IN EXCESS,

£) THE SALT CONCENTRATION SHOULD BE MIGH,

F) THE SUGGESTED VOLTAGE SHOULD BE ABouT 1,7 T0 2 voLTs,
EVEN USING THESE CONDITIONS, REACTIONS ARE USUALLY OF LOW EFFICIENCY, AND

THE PRODUCTS FORMED MAY BE HARD TO PURIFY,
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IN LIEY OF THESE CONDITIONS THERE ARE STILL THREE MAJOR INHIBITIONS
THAT PREVENT THE KOLBE ACTION:

A} THE ETHENOID TYPE

B) THE BENZENOID TYPE

€} THE CYCLOWEXANOID TYPE,

THE RELATIVE ORDER OF STRENGTM OF THESE INWIBITIONS IS BENZENOID »
CYCLOHEXANOID ) ETHENOID,

THESE THREE INNIBITIONS HAVE BEEN STUDIED IN GREAT DETAIL BY MANY MEN
DURING THESE PAST YEARS. B, E, Conway anp M, DzieciucH (2) HAVE MADE CARE~
FUL STUDIES OF THE ETHENOID INHIBITIONS, TNEY HAVE ALSO STUDIED THE EFFECT
OF DIFFERENT MEDIA IN WHICH THE KOLBE ELECTROLYSIS IS RUN. AN EXAMPLE OF
ONE OF THEIR EXPERIMENTS {S THE REACTION OF THE TRIFLUOROACETATE 10N IN
100% Tk!!ﬁUaaazxrs: ACID} A DECARBOXYLATION AND COUPLING REACTION, YIELDING
HEXAFLUROETHANE., FROM THEIR DATA IT MAS BEEN SHOWN THAT DECARBOXYLATIONS
IN AQUEOUS MEDIA ARE MORE COMPLEX REACTIONS THAN WMEN RUN IN ORGANIC
SOLVENTS,

THIS RESULT HAS BEEN VERIFIED BY FLOYD RAWLINGS, GARRETT THEISSEN AND
DEAN PETERSON IN THEIR RECENT PAPER ON THE CYCLOMEXANOID tnMiBtTION {9).
POTASSIUM CYCLOWEXANE CARBOXYLATE AND UNINMIBITED POTASSIUM ACETATE WERE
COMBINED IN WATER AT VARIOUS CONCENTRATIONS., AFTER ELECTROLYSIS WAD BEEN
COMPLETED, A LIGHT YELLOW VISCOUS OIL WAS FORMED, [DENTIFICATION OF THE
COMPONENTS OF THE OIL BY VAPOR=PHASE CHROMOTOGRAPHY AND INFRA=RED SPEC=
TROSCOPY, AND BY PHYSICAL PROPERTIES (BOILING POINT, INDEX OF REFRACTION,

ETC,) WAS MADE, AND CONSTITUENTS WERE FOUND TO BE:
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A)  CYCLOMEXANE (R=H)

B) METHYLCYCLOMEXENE (R-R")

€) CYCLOHEXANOL {R-0M)

D) CYCLOMEXYL ACETATE (cNBCoea')

E) DicYCLOHEXYL (R=R)

F} CYCLOMEXANOME (ROH ~ 2H)
IT 1S SUPPOSED THAT THESE PRODUCTS WERE FORMED BY THE MECHANISM PROPOSED
IN THE THIRD THEORY THAT WAS MENTIONED PREVIOUSLY, {1.E., BY FREE RADICALS
COMBINING OR ABSTRACTING HYDROGEN OR OXYGEN). AS A SIDE NOTE, THE GASES
THAT WERE COLLECTED AT THE AMODE WERE FOUND TO BE CARBON DIOXIDE, OXYGEN,
METHANE, AND ETHANE, AS CAN BE SEEN FROM THE ABOVE RESULTS, AQUEOUS
SOLUTIONS CAN BECOME QUITE A PROBLEM WHEN IDENTIFICATION OR ISOLATION OF
PRODUCTS 1S NEEDED.

A METHOD OF GETTING AROUND THIS DIFFICULTY MAS BEEN SUGGESTED BY
F. Fienter (4); BY CHANGING THE SOLVENT FROM WATER TO METHANOL-WATER, TO
METHANOL~WATER=PYRIDINE, TO PYRIDINE ALONE, HE HAS ELIMINATED THE BENZENOID
AND CYCLOHEXANOID INHIBITIONS; AND HAS IN ALL CASES RECORDED, SHOWN R-R
SYNTHESIS WITH CARBON DIOXIDE EVOLUTION.

ELECTROCHEMICAL EXPERIMENTAL WORK HAS BEEN DONE IN MANY FIELDS BESIDES
THAT PART OF ORGANIC INVOLVING CARBOXYLIC ACIDS OR THEIR ESTERS., FoOR
EXAMPLES, THE BOOK BY LouiS MEITES (7) ON THE USE OF POLAROGRAPHY DEALS
WITH ANALYTICAL ELECTROLYTIC WORK WITH OXIDATION AND REDUCT ION OF MANY
ORGANIC AND FUNCTIONAL COMPOUNDS BESIDES CARBOXYLIC ACIDS., J. A, Butier (1)
IN WIS BOOK DISCUSSES VARIOUS REACTION MECHANISMS THAT TAKE PLACE AT THE

SURFACE OF BOTH THE ELECTRODES AND IN THE SOLVENT., FRANK D. PorP AND
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HarrY P. Scuurtz {8) recentLy DELVED uﬂ'é THE ELECTROLYTIC REDUCTION OF
ORGANIC COMPOUNDS, IN ALL THESE INSTANCES, THE REACTIONS AND THEORIES
CAN BE RELATED 1N SOME MANMER TO THIS WORKs; BUT THEIR SPECIFIC EXPERI=
MENTS ARE QUITE DIFFERENT. IN THIS WAY THEY WAVE SOME INTEREST TO READERS

CONCERNED WITH THE BACKGROUND FOR THIS THESIS.



6.

EXPER IMENTAL

THE EXPERIMENTAL DATA OF THIS PAPER HAS BEEN DIVIDED INTO THREE
PARTS, THE FIRST TWO PARTS DEALING WITH THE PREPARATION OF THE TwO

REACTANTS, AND THE THIRD PART DEALING WITH THE ELECTROLYSIS ITSELF,
PART | PREPARATION OF MONO=ETHYL GLUTARATE (czHSQOC-(CH2)3~ COOH)

To 114 gus, (1 MOLE) OF GLUTARIC ANWYDRIDE, 150 ML, OF ABSOLUTE
ETHANOL WAS ADDED, AND THE SOLUTION AFTER THOROUGH MIXING WAS ALLOWED To
STAND FOR A WEEK. [N THIS WAY THE CHANCES OF ANY ANHYDRIDE REMAINING OUT
OF SOLUTION WERE MINUMIZED, THE RESULTANT MIXTURE WAS THEN ADDED To 100 mt,
OF ETHER AND PUT IN A SEPARATORY FUNNEL., APPROXIMATELY 5 SoDIUM HYDROXIDE
WAS THEN ADDED IN StX 25 ML, ALIQUOTS IN ORDER TO TAKE UP THE HALF-ESTERS
AND THE DI~ACID THAT SHOULD HAVE BEEN FORMED IN THE INITIAL REACTION. THE
AQUEOUS LAYER WAS DRAWN OFF EACH TIME AND FOUND TO BE ACIDIC INDICATING
THE PRESENCE OF THE DESIRED HWALF ACID, NO TRACE OF EXCESS BASE WAS AS YET
Founp, A 30 ML. ALIQUOT OF NAOH wAS THEN ADDED. THE SOLUTION DIVIDED uwp
INTO TWO DISTINCT LAYERS, THE TOP ONE CONTAINING ETHER AND DISSOLVED
ANHYDRIDE WAS PALE YELLOW; THE BOTTOM ONE WAS COLORLESS, AS A SAMPLE
TEST 30 ML. MORE OF SODIUM HYDROXIDE WAS PLACED IN THE FUNNEL AND ONCE
AGAIN THE RESOLVING INTO TWO LAYERS TOOK PLACE BUT NOT AS DISTINCTLY AS
BEFORE. IN THIS EXTRACTION THE SOLUTION DRAINED OFF WAS ACIDIC, AFTER
SIX OR SEVEN OF THESE EXTRACTIONS THE ETHER LAYER SLOWLY BECAME CLEAR AND
THE EXTRACTION SOLUTION BECAME BASIC.

THE AQUEOUS EXTRACT BEING BASIC, WAS NOW ACIDIFIED WiTH DILUTE HC1 To
A PH OF 1#2, THIS SOLUTION CONTAINING THE MONO-ESTER AND DI=ACID WAS EX=

TRACTED 81X TIMES WITH 30 ML, ALIQUOTS OF ETHER IN ORDER TO ETMER-EXTRACT



’ruz‘ MONO-ESTER, THE ETHER SOLUTION WAS THEN FILTERED THROUGH ANHYDROUS
NAZSOY AND THEW DISTILLED. AT 157° « 160% A PALE YELLOW LIQUID CAME OVER AND
WAS COLLECTED. THE nim,' AMOUNT COLLECTED WEIGHED 60,06 GMS, A NEUTRALIZA~
TION EQUIVALENT WAS RUN ON THIS SUBSTANCE. A 1.0218 Gi. SAMPLE oF ™IS
MATERIAL m TITRATED WiTH 219 N mhmu HYDROXIDE, USING PHENOLPHTHALEIN
AS AN INDICATOR. THE SAMPLE REQUIRED 5939 ML. OF SODIUM HYDROXIDE., AS A
CHECK ANOTHER SAMPLE WEIGHING 1,0860 GMS. WAS TITRATED WITH THE SAME BASE
ANG INDICATOR AND REQUIRED 30,18 ML. OF NAOH BELOW ARE CALCULATIONS:
A. For 1,0218 gus. orf nammnﬁ GLUTARATE (m%éo;
(.\fum) X (mndmw) = MILLIEQUIVALENTS
(29.39 w.) x (.219 N) = 6,43 mea.

m&elﬁ»m Wi, = %??.%8, ¥ 1000 = 158.8

B. For 1,0869 oM. OF MONO-ETHYL GLUTARATE (Mu=160)
{Vorume) x {NoRMALITY) = MILLIEQUIVALENTS

(30,18 m.) x (.2198) = MitLicquivaLents (6.60)

THE BOILING POINT AS REPORTED BY A HanpBook (5) 15 160° . 16509,
To ATTEMPY TO VERIFY THE FACT FURTHER SEVERAL 5,1 SAMPLE RUNS WERE MADE
ON THE VAPOR-PHASE CHROMATOGRAPH, THE HELIUM FLOW RATE WAS ADJUSTED TWo
UNITS ON THE PERKINS AND ELMER COMPANY FLOW METER AND THE PRESSURE IN THE
INSTRUMENT WAS 10 PoUNDS OVER 1 ATMOSPHERE, THE RECORDING VOLTAGE WAS

7.95 vorrs., THE TEMPERATURE WAS SET AT 165°c using A& (PerkiNg anp ELmer



ComPaNy) "R"™ coLuMn, AT THE END OF ONE MINUTE A SMALL AIR PEAK WAS EVIDENT.
AT 3 MINUTES A PEAK OF 46 X 2 cAME OFF., AT 5§ MINUTES A STRONGER PEAK OF

60 x 2 came oFF, THEN AT 6 MINUTES A WIDE SPREAD PEAK BECAME EVIDENT,
RISING TO 30 X 1 BUT EXTENDING OVER A CONSIDERABLE AREA. FROM SUCCESSIVE
RUNS ON SAMPLES VARYING THE WATER AND ETHANOL CONCENTRATIONS, TWO OF THE
PEAKS WERE IDENTIFIED AS WATER AND ETHANOL, THE 3 MINUTE PEAK WAS TAKEN

TO BE ACETONE BECAUSE THE SYRINGE WAS RINSED OUT WITH IT EACH TIME, THE

5 MINUTE PEAK WAS ETHANOL, AND THE 6 MINUTE PEAK, WATER, REPRODUCIBILITY
OF THE CHROMATOGRAMS WAS VARIABLE., THE PRODUCT WAS ASSUMED TO BE THE DE=
SIRED MONO=ETHYL GLUTARATE, ON THE BASIS OF BOILING POINT AND NEUTRALIZAT ION

EQUIVALENT ALONE.
PART |} PREPARATION OF MONO-ETHYL MALONATE ('ciuseec-mzacm)

To 132 eMs. {1 MOLE) OF DI~ETHYL MALONATE, 4O GMS. OF SODIUM HYDROXIDE,
60 uL, or 95% evHAnoL AND 100 ML, OF WATER WERE ADDED, AND THE MIXTURE WAS
REFLUXED FOR TWO TO THREE HOURS, THE MIXTURE THEN SEPARATED INTO TWO LAYERS,
OME AQUEOUS AND ONE ALCOHOLIC. TME AQUEOUS LAYER WAS DRAINED OFF AND PUT
ASIDE, THE ALCOWOLIC LAYER wAS pisTitLep At 80°-90%, awp rwem mesioue
LEFT AFTER DISTILLATION WAS EXTRACTED wiTH 100 ML, OF ETHER AND 25 L. oOF
10% SoDIUM BICARBONATE SOLUTION. THE ETHER WAS ONCE AGAIN RE=EXTRALTED
VITH 25 ML, OF THE BICARBONATE, THEN THE AQUEQUS LAYER, WNICH WAD BEEN PUT
ASIDE, WAS ADDEC TC THIS BICARBONATE SOLUTION, THIS NEW SOLUTION WAS CARE=
FULLY ACIDIFIED TO A PH OF 1+2 WITH DILUTE HC1. THEN IT WAS EXTRACTED WITH
30 ML, ALIQUOTS OF ETHER SEVERAL TIMES TO MAKE SURE THAT ALL THE MONO-ESTER
WOULD BE TAKEN UP. ANY WALONIC ACID ITSELF 1S FAR MORE SOLUABLE IN WATER

THAN IN ETHER. FINALLY, THE ETHER SOLUTION WAS PLACED IN A HOOD AND THE
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ETHER ALLOWED TO EVAPORATE. AFTER THE ETHER WAS DRIVEN oFF, 24,1} ewms,
OF SUBSTANCE REMAINED, THE REFRACTIVE INDEX OF THIS MATERIAL WAS TAKEN
AND ALSO THE BOILING POINT, THEY WERE COMPARED WITH THE VALUES FOUND IN
A HANDBOOK (5). THE OBSERVED VALUE OF THE REFRACTIVE INDEX TAKEW AT 25°C
was 1,4251, Tue osscaven sorLing Point was 143%144%, Tue varves os-
TAINED FROM THE HANDBOOK AND CORRECTED TO THE LABORATORY CONDITIONS WERE
14250 For THE REFRACTIVE 1NDEX, AND 145°C FoRr THE BosLING POINT, A
NEVTRALIZATION EQUIVALENT OF THIS SUBSTANCE wAS ALSO Run. A 1,0245 em,
SAMPLE OF THIS MATERIAL WAS TITRATED WiTH ,170N SoDiuM HYDROXIDE USING
PHENOLPHTHALEIN AS AN INDICATOR, IT REQUIRED 49,25 ut, OF BASE. ONCE
AGAIN A CHECK SAMPLE WAS RUN USING THE SAME INDICATOR AND BASE,

Tue 1.0223 oM, SAMPLE REQUIRED 89,10 mL. OF BASE, BELOW ARE THE
RESULTS,

A. For 1,0245 aM. OF MONO-ETHYL MALONATE {Mé=132)

{VoLume) x (NORMALITY) = MILLIEQUIVALENTS

(49.25 wme.) x (.170N) = 8,372 mea.

=2 x 1000 = 122,2

B. For 1,0223 aM, OF MONO-ETHYL MALONATE (Mi=132)
(vorume) x {NORMALITY) = MILLIEQUIVALENTS
()39. 10 “lw) X 0!?“” i 8'3,‘7 MEQ,
MOLECULAR WEIGHT = % x 1000 = 122.h

AVERAGE MOLECULAR WeloHT = 122,35

22 % 100 = 92.4% "pure"

A VAPOR=PHASE CHROMATOGRAPH WAS RUN ALSO ON THIS SUBSTANCE. THE SETTINGS

ON THE INSTRUMENT WERE THE SAME AS WHEN THE OTHER RUN WAS MADE EXCEPT THAT



THE TEMPERATURE IN THIS RUN WAS SEV AT %k5°c. AT THE END OF 1 MINUTE A
Peax of 98 x 16 was ENCOUNTERED. AT 4 MiwutEs A peak of 70 x 8 swoweo e,
AT 19 MINUTES A WIDE PEAK OF 31 X 1 SHOWED UP, SIMILAR TO THAT FOUND IN
THE GLUTARATE. FINALLY, AT 56 MINUTES, ANOTHER WIDE PEAK OF 26 x 1 was
OUTLINED, THESE PEAKS WERE REPRODUCIBLE IN THREE RUNS, BUT OWING TO THE
IMPURITIES IN THE UNKMOWN THEY WERE UNABLE TO BE POSITIVELY IDENTHFIED.
THE PEAK AT U MINUTES WAS TAKEN TO BE ETHYL ACETATE BY RUNNING PURE ETHYL
ACETATE AND WATCHING FOR 1TS PEAKS, THE ETHYL ACETATE 1S BELIEVED To
OCCUR DUE TO DECARBOXYLATION IN iuz INJECTION PORT OF THE vApon-wntat
FRACTOMETER COLUMN, WHERE TEMPERATURES ARE PROBABLY 10%C WIGHER THAN THE
COLUMN PROPER; MONO=ETHYL MALONATE 18 REPORTED TO DECARBOXYLATE AT 155%,
A LITTLE ABOVE 175 BOILING POINT, THE PEAKS AT 19 mMINUTES AND 56 minuTes
COULD MAVE BEEN THE WMONO=ESTER AND DI=ACID RESPECTIVELY, BUT THERE WAS NO

DEFINITE WAY TO VERIFY THAT AT THAT TIME.

ON THE BASIS OF THE SYNTHETIC METHOD, THE BOILING POINT AND REFRACTIVE

INDEX,; AMD THE NEUTRALIZATION EQUIVALENT, THE SUBSTANCE COLLECTED WAS

ASSUMED TO BE MONO~ETHYL MALONATE.

10.



PART 111 THE ELECTROLYSIS

THE APPARATUS USED IN THE KOLBE ELECTROLYSIS IS QUITE SIMPLE. THE
DIAGRAMS ON THE FOLLOWING PAGES WILL BESR THIS OUT. [T SHOULD BE NOTED
THAT TWO ELECTROLYSES WERE CARRIED OUT, ' THE FIRST RUN INVOLVED AN
AQUEOUS MEDIA, AND TME SECOND INVOLVED AM ORGANIC SOLVENT, FIGURE A 18
THE APPARATUS FOR THE AQUEOUS ELECTROLYSIS, AND FIGURE B 1S THAT FOR THE
ORGANIC SOLVENT RUN., FIGURE C 18 A SCHEMATIC DIAGRAN SHOWING THE
ELECTRICAL é;&cuwvnv oF vatlsva?ﬁua

In THE Aqueous mrun, 4.3 ems, (.089 moLES) OF THE MONO=ETHYL
GLUTARATE WERE ADDED To 11.7 aus. (.639 MOLES) OF THE MONO-ETHYL MALONATE
SO THAT THE SOLUTION CONTAINED ,178 MOLES OF REACTIVE SUBSTANCES, THEN
. 107 MOLES OF POTASSIUM HYOROXIDE AND 250 ML. OF WATER WERE ADDED TO MAKE
. 107 MOLES OF THE POTAS. 'wid SALT OF THe MONO-ESTERS AND 071 MOLES oF
EXCESS MONO-ACIDS. THE ELECTRODES USED WERE OF SHINY PLATINUM, THE ANODE
BEING A THIN SHEET OF PLATINUM FOIL AND THE CATHODE A #22 PLATINUM WIRE,
BOTH BEING SEPARATED BY A SHEET OF MYLAR INSULATION. THE VOLTAGE FOR TME
REACTION WAS 3.7 vOLTS, THE REASON THAT 1.7 VOLTS WAS NOT USED WAS THAT

THE RESISTANCE OF THE SOLUTION WAS NEARLY 3.0 X 10k

oums, FoOR THIS
REASON THE CURRENT GOING THROUGH THE SYSTEM WAS NOT MIGH ENOUGH TO MAKE
THE RUN (N A REASONABLE AMOUNT OF TIME, THE VOLTAGE WAS BY AN ORDINARY
Sears-RoEBuck G-vOLT CAR BATTERY, THE REACTION MIXTURE WAS SURROUNDED
BY A COLD WATER JACKET AND WAS ELECTROLYZED For 43% wours., Ar Twe ewp
OF THIS TIME, A LIGHT YELLOW. OJL HAD FORMED ON THE TOP OF THE REACTING
soLuTion., THE ef;lvus eo;aa{fzp AND ANALYZED BY VAPOR-PHASE CHROMO=~
TOGRAPHY, THE COLUMN USED WAS AN "R™ COLUMN UNDER THE SAME CONDITIONS

1.
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HALF=ESTER WAS GIVEN OFF, BUT SINCE THE COLUMN COULD NOT BE USED AT TEMPERA=
rures asove 180%C, THE SUBSTANCE HWAD TO BE ANALYZED IN A COLUMN OWNED BY
THE aéutuxcvaut CHEMICAL COMPANY. THE ANALYZATIONS WERE MADE BY
MR. BEVERLY ADAMS, AND MIS RESULTS WiLL FOLLOW IN THE NEXT si:rsou oF
THIS THESIS,

THE oauiuac tatvznf USED th THE SECOND aén WAS PYRIDINE, iu'funa RUN,
7.15 ams, (.Oks MOLES) OF MONO-ETHYL GLUTARATE anD 5.85 ems. (.O45 woLes)
OF MONO-ETHYL MALONATE WERE COMBINED WiTH 2,30 «ns.'{.ﬂkh MoLES) oF
POTASSIUM HYDROXIDE TO MAKE WP THE REACTION MIXTURE, THEN 20 L, oF
PYRIDINE SOLVENT WAS ADDED AND THE MIXTURE STIRRED BEFORE ELECTROLYZING.
THE MIXTURE WAS NETEROGENEOUS., THE APPARATUS USED 1S SHOWN IN FiguRe B,
THE ELECTRODES USED IN THIS PART OF THE RUN WERE THE SAME AS BEFORE, THE
VOLTAGE ONCE AGAIN WAS SET AT 3.7 vé&rt BECAUSE OF RESISTANCE PROBLEMS,
THERE WAS, HOWEVER, NO WATER BATH TO COOL THE REACTANTS AS BEFORE, THE
ELECTROLYSIS RAN 100 MRS, AT THE END OF THAT TIME THE ENTIRE SOLUTION
WAS PUT IN 200 ML, OF WATER AND SLOWLY ACIDIFIED WITH k2.5 m.. or UM HC1
Y0 A PH of 2. THIS WAS TO ALLOW TRE rvktaaum CHLORIDE TO SETTLE owT,
THEN THE SOLUTION WAS WASHED WiTH THREE 30 ML, ALIQUOTS OF ETHER. THE
ETHER WAS wASHED with cond (0%C) WATER AND THEN EVAPORATED UNDER THE
HOOD. AFTER EVAPORATION WAS COMPLETE, A DARK YELLOW OfL REMAINED IN THE

pISH, THIS SUBSTANCE WAS COLLECTED IN A SMALL VIAL AND SUBJECTED YO

VAPOR=-PHASE CHROMATOGRAPHIC ANALYSIS.



THE PRODUCTS FORMED FROM THIS ELECTROLYSIS ARE; IN A MANNER OF SPEAK~=
ING, PREDICTABLE. 70 BE SURE, THE PRODUCTS THAT ARE USUALLY FORMED ARE OF
A WIDE VARIETY. TAKING THE FOLLOWING REACTIONS AS THE MOST PROBABLE, 3;“’5
READER CAN SEE EXACTLY WHAT SHOULD FORM:
set A %@m«cﬂzvam ~tB¥. ¢, g OOCeCH, - COD:  (R)
o Hs 00C=(cH, }3 - coon -+5%. ¢ H mc~(ma)3— coo- (')
ST B € Hy 00CCH, = €00+ ~"%B- Cp M 0OC-Clz*  (R)
Cp Hg 00C~(CHj),, - CoO" R ¢, 1 anc~(cu2)3- (R'+)

IN SET A, THE POTASSIUM SALY 1S FORMED LEAVING THE RADICAL R awp R'
RESPECTIVELY, 1IN SET B, THE DECARBOXYLATION OF THESE RADICALS LEAVES R-e
AND R', Now THE TWO PRODUCTS FORMED FROM DECARBOXYLATION REACT TO FORM
THE POSSIBLE PRODUCTS BELOV.

Te R (#H) semeaen czusaoc-»cuﬁn = CHy

2, R* + HgO wessen ROH + H* woswecns CoH500C~CHo=0H

K . e — cznsm-(cnz)gﬂ!

L R czusaoc»t:ug--c:tnaz««t;:ernacgu5

Be S't; + ﬂ'n; PR czusaoc..(a{e) "ma"s

6, R* 4 R'* aweven cznsaacwcuz-(cua) -ceucz&b

OF THE PRODUCTS FORMED, NUMBERS 2 AND 3 CAN ONLY BE FORMED FROM THE
AQUEOWS MEDIA. THE REACTION R («M DOES NOT OCCUR SINCE THERE IS NO
ADJACENT =CHp» GROUP auimu FOR mmauu ON THE MALONATE toN, THE
PRODUCTS OF THESE REACTIONS ARE LISYED BELOW WITH THEIR BOILING POINTS,

1. BUT*3~ENEOATE sp, 114%

3 \
2, ETHYL GLYCOLATE ee, 160"



3.  ETHYL=3-HYDROXY BUTRYRATE o !169-117§c/8uu.
4, DI=ETHYL SUCCINATE ‘ - oBR, ziiﬁg

5. DI=ETHYL SUBERATE | s, 282%

6. DI-ETHYL ADIPATE : . e, 239%-240%

AS MENTIONED PREVIOUSLY THE TWO UNKNOWNS WERE RUN ON A VAPOR=PHASE
CHROMATOGRAPH, THE INSTRUMENT USED WAS AN F AND M SCIENTIFIC CoMPANY MoDEL
720 WiITH DUAL COLUMNS AND AN THERMAL CONDUCTIVITY DECTECTOR, THE CoLumn
ITSELF WAS A FOUR FOOT, LOW-LOADED COLUMN, IT WAS PACKED wiTh 0,58
CeLanese EsTer #9 on 4 60 - 80 mesH CHOMASORB W, THE CARRIER GAS WAS
HELIUM FLOWING AT THE RATE OF 40 cc./MIN, THE COLUMN TEMPERATURE WAS
ISOTHERMALLY WELD AT 100°C. TWe oemEcTor Tewperaturc was 280°C Ao THE
INJECTION PORT wAu»390°c. ?ué'us:aéé POWER WAS SEY AT 150 MilLt‘ﬂmaut‘,
THE SAMPLE SIZES FOR THE UNKNOWN SUBSTANCES WERE y,x. THE SAMPLE SiZES
FOR THE COMPARISON ESTERS WERE -2l

THE SAMPLES OF THE KNOWN ESTERS WERE RUN FIRST, AT 2 minutes
DI=ETHYL SUCCINATE CAME OFF WITH 73 X 1 ATTENuATtoN. AT 5% minures
DI-ETHYL ADIPATE CAME OFF WiTH 23 X 1 ATTENUATION. SamPLE 1, THE AquEous
UNKNOWMN, SHOWED GOOD SIGNS OF THE DI-ETHYL SUCCINATE AT 2 MINUTES, WOWEVER,
THE DI-ETHYL ADIPATE DID NOT SHOW UP, INSTEAD A PEAK AT 415 minures
APPEARED CONSISTENTLY IN ALL THE OTHER RUNS. 'tn UNIDENTIFIABLE PEAK AT
8L MINUTES WAS PRESENT AT THE FIRST RUN BUT WAS NOT REPRODUC ‘BLE,
snnruk #2, e PYRIDINE UNKNOWN, SHOVED aswnoéucaa;t DI=ETHYL SUCCINATE
RESULTS, AND ONCE AGAIN THE PEAK AT 41=5 minuTEs wAS evicent. I Bove
SAMPLES, INITIAL PEAKS OCCURRED A'.MOST AS SOON AS THE SAMPLES WERE

INECTED. THESE WERE PROBABLY DUE TO SMALL AMOUNTS OF AIR AND WATER,

16.
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NOW THE PROBLEM WAS TO INTERPRET THIS DATA., |T WAS VERY APPARENT
THAT VERY LITTLE, IF ANY; OF THE DI~ETHYL SUBERATE WAS PRODUCED. THE
DI-ETHYL ADIPATE MAY HAVE BEEN FORMED TO A GREATER EXTENT, BUT EVEN THIS
SUBSTANCE WAS NOT APPARENT., BY FAR, THE GREATESY PRODUCT FORMED WAS THE
DI-ETHYL SUCCINATE. THERE SEEMED 7O BE GOOD EVIDENCE THAT THIS SHOULD BE
80, THE MALONATE 1ON §8 BY FAR THE SMALLER OF THE TWO SALT 10NS, THERE~
FORE, IT SHOULD MOVE THROUGH THE BSOLUTION MUCH MORE QUICKLY THAN THE
GLUTARATE 10N, THIS MEANS THAT MORE DECARBOXYLATE MALONATE RADICALS
ARE FORMED AND HAVE A BETTER CHANCE TO DIMERIZE. ONE CAN SEE THAT THE
R = R TYPE OF COMBINATION WOULD BE THE MOST wam'mm THE R-R' LESS
PREVALENT, AND THE R'-R' TYPE THE LEAST PREVALENT OF ALL, THE PEAKS THAT
HAD COME OFF AT U345 MINUTES WERE SUPPOSED TO BE EITHER UNREACTED MONO-

ETHYL MALONATE OR MONOSETHYL GLUTARATE, OR SOME OF THE R'-H, R-OH, anp
R'«0H. UPON COMPARING VALUES FOR THE BOILING POINTS OF THE MONOETHYL
ESTERS, THEY WERE FOUND TO BE: ”

1. MONO-ETHYL MALONATE sp,  145%

2. MONOSETHYL GLUTARATE sp, 165%

THIS EVIDENCE SUGGESTS THAT THE bl MINUTE PEAK COULD BE THE GLUTARATE b
ACID MALF~ESTER, SINCE THE MALONATE HWALF~ESTER (S MORE SOLUABLE IN WATER THKAN
THE GLUTARATE HALF-ESTER, THE OIL FORNMED BY THE CLECTROLYSIS WOULD BE
MOST LIKELY TO TAKE UP THE MONO-ETHYL GLUTARATE BECAUSE OF IT8 MORE
ALIPHATIC NATURE. THIS WOULD ALSO SUPPORT THE PREVIOUS SUPPOSITION THAT
THE R'-R' FORMATION WOULD BE UNLIKELY, ONE CAN EASILY SEE THAT THE MORE
UNREACTED GLUTARIC ACID HALF~ESTER TAKEN UP WOULD LEAVE THAT MUCH LESS
IN THE REACTING MIXTURE, WHICH WOULD LESSEN THE FORMATION OF R'<R' even

FURTHER .
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THE REASON THAT THERE 15 AN "INVERSION" N ORDER OF ELECTRONS VERSUS
ORDER OF BOILING POINTS §N THIS VAPOR FRACTIONATION 1S SUPPOSEDLY BECAUSE
OF HYDROGEN BONDING IN THE MONO~ETHYL GLUTARATE, WHEREAS IN DI-ETHYL
SUCCINATES THERE ISN'T ANY OPPORTUNITY FOR THIS TQ OCCUR,
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Mrmlm ALL THE znronmmw vwz‘mn THAT m BEEN COLLECTED, IT
WOULD BE SAFE TO SAY THAT THE zwznunu nmta THE EXPECTED DI-ETHYL
SUCCINATE, BUT NO EVIDENCE OF THE DI-ETHYL SUBERATE WAS SEEN, THE DI-ETHYL
ADIPATE WAS NOT POSITIVELY IDENTIFIED, BUT THERE WAS SOME EVIDENCE OF
ANOTHER PRODUCT BESIDES THE .él«mn SUCCINATE., |7 WAS SUPPOSED THAT
THIS PRODUCT WAS SOME UNREACTED MONO-ETHYL GLUTARATE,

THIS THESIS msl BEEN JUST ONE OF A GREATER NUMBER OF EXPERIMENTS
HAVING TO DO WITH THE KOLBE ELECTROLYSIS, IT 1S THE AUTHOR'S HOPE THAT

THE PAPER WiLL THROW SOME MORE LIGHT ON ELECTROLYSES OF THIS NATURE.
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