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ABSTRACT

Condensed phosphates were first used in cooling water applications in the early
19030's. Extensive use was found for these polyphosphates because of their
ability to control calcium carbonate scaling at threshold or substoichiometric
dosages. Later, their ability to control the corrosion of steel in open recirculating
cooling water systems and once through cooling water systems demonstrated the

versatility of this class of compounds.

The use of polyphosphates began to give way to the acid chromate programs
as the primary corrosion inhibitor for mild steel in open recirculating systems in
the early 1960's, This preference for chromate and chromate-zinc programs
was still quite prevalent in the early 1970's. The cause for this change stems
from the one major disadvantage of polyphosphate treatments -hydrolytic
instability which produces orthophosphate. The orthophosphate anion forms
insoluble scales with ali bivalent cations, the most important of which are
calcium, magnesium and iron. These scales can foul heat transfer surfaces
and reduce dramatically heat transfer efficiency of process heat exchangers.
In addition to providing fouling problems, the orthophosphate anion fails to
provide the positive effects of condensed phosphates. Orthophosphate does
not show a threshold effect and is not as effective in corrosion prevention of

steel as condensed phosphates.




The Clean Water Act of 1972 began a level of environmental awareness

that was not seen before. One of the outcalls of this movement was the
identification of hexavalent chromium (chromates) as toxic to aquatic life
because of its low LD50. Chromates were also identified as potential
carcinogens Efforts to remove the chromate ion from cooling tower blowdown
were hampered by the need to label any sludge from the waste treatment
facility as hazardous. The need for a non chromate cooling water treatment
that could provide the same or better performance as the acid-chromate-zinc

treatments became a top priority for industry.

This dissertation in the form of US Patent 4,172,032 describes the
development of such a cooling water treatment. It also describes the discovery
of an optimum molecular weight of polyphosphate as the most critical factor in

determining the performance of these programs.

The synthesis of spiro(4,4) nonanes was done in the period of 1966 to 1970. This
work was completed but not defended before a Dissertation Defense Committee. |t

is included in Appendix A of this document in the interest of completeness
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PREFACE

The preface was written by Dr Nasser Zawia, Dean of the Graduéte School.
George Farley completed his BS (1966) and MS (1971) at URI. He was then
admitted to the PhD program in Chemistry and has taken all the courses required
for the PhD degree in Chemistry. He has also completed the following PhD
examinations: Language Exam (April 1968), Qualifying Exam (September 1968},
Written Comprehensive Exam (May 1969), Oral Comprehensive (June 1969).
George also completed all the research required for his dissertation and submitted
a defendable copy ot the Graduate School. His Major Advisor at that time was
Scott McKenzie, and Professors Clair Cheer and Charles Olney served on his

committee.

In summary, George had completed all the requirements for the PhD in Chemistry
except defending his dissertation because he had to abruptly leave for personal

reasons.

In 2010, George Farley approached President David Dooley to see if it is possible
for him to obtain his doctoral degree. President Dooley wrote the Chemistry

Department to evaluate his materials. The Chair of Chemistry, Bill Euler, wrote




back confirming the above; however, Professor Euler found the draft of the

dissertation harder to evaluate based on today's standards.

The matter was referred to Provost DeHayes who then consulted with the Dean of
the Graduate School, Nasser Zawia. Following discussions with the Graduate
School and the Department of Chemistry, the Provost wrote Mr. Farley to explain

what needed to be done. The Provost requested the following:

1. Satisfactorily complete your dissertation with particular attention to enhancing

the results, discussion and conclusion.

2. Make a presentation of your work and defend it to a committee of three -
Chemistry facuity and two external members to be appointed by the Graduate

School.

3. Submit a .brief written supplement, as part of your presentation, on related
professional work in which you have been engaged since you left URI. This would
include a summary of that work and its relevance and impact to the broad field of

chemistry.
4. Enroll in any credits needed (e.g. dissertation credits) to satisfy Graduate School

policy and degree requirements. Any requirement related to the need to have

been a continuing registrant in the program would be waived.
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A Committee of five was set up as specified above: Bill Euler (Major Professor),
Brett Lucht {Chemistry), Professor Brenton DeBoef (Chemistry), Professor David
Worthen (Pharmacy), The Dean of the Graduate School acted as defense Chair.
The Committee then examined the requirements of the Provost and concurred with
all except item 1. The Committee felt that since they did not supervise the
dissertation work, and given the period of time that has passed, it would not be
appropriate for them to sign on the Dissertation page. The Committee instead
asked Mr. Farley to present and defend his patent work on the treatment of water to
remove corrosion. Mr. Farley had developed a formula, which is in use as an

industry standard for over twenty years,

On August 9, 2011, Mr. Farley successfully defended his patent work. The
Committee was highly impressed by Mr. Farley and had no question that he was
PhD caliber and that his patented and published work accounted for a dissertation.
The Committee unanimously voted that Mr. Farley passed his oral defense
satisfactorily and recommended that his past dissertation, patent and published
work, and the supplemental material he had provided be accepted in lieu of a PhD

dissertation.

This dissertation is written in Manuscript Format.
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1

POLYPHOSPHATE-BASED INDUSTRIAL
COOLING WATER TREATMENT

his is 8 continuation of applicetion Ser. Mo, 732,369

filed on Gct. 13, 1976 which is now abendonad.
INTRODUCTION

Condensed phosphates were fiest used in cooling
watsr applications in the early 1930's. Eaiensive use was
founs for these polyphosphates because of their abiity
to contral calpium carbonate scaling at threshold or
substoichiometric dosages. Later, their ability to con-
trol the corrasion of stes] in open recirculating cooiing
water systems and once through cocling water sysiems
demonstrated the versatility of this cless of compounds,

“Ihe use of palyphosphates began to give way to the
aridchromate programs as the primary corvesion inhibi-
tor for mild steel in open recirculating systems in the
early 1960's. This preference for chromaie and chio-
mate-zine programs is still quite prevalent today. The
cause for this change stems from the one major disad-
vantage of polyphosphate treatments—hydrolytic insta-
tility which produces orthaphosphate, The orthophos-
phate suion forms insoluble scales with all bivalent
cations, the most important of which are calcium, mag-
pesinm #nd iron. These scales can foul heat transfes
surfaces and reduce dramatically heat transfer efli-
ciency of process heat exchangers. In-addition to pro-
viding fouling problems, the orthophosphate anion fails
to provide the positive effects of condensed phosphates.
Orthophosphate does not show a threshold effect! nar is
it as efiective in corrosion prevention of steel as con-

?ensed phosphates. .
K. F, Reilemeier and T. F. Bushrer, J, Phys. Chem,, 44 (1940) 535

Condensed phosphates will revert to orthophosphate
when dissolved in aqneous media. The kinetics of rever-
sion may very widely but the most important factors in
det=rmining the rate of orthaphosphate production are
temperature, pH, and the choice of condensed phos-
phate species. Control of mild stee! corvesion by a cool-
ing water treatment program basad or condensed phos-
phate is wholly dependeant on the level of parformance
of the particular condensed phosphaie itself and the
fnctors which affect the rate of its reversion to ortho-
phosphate.

1t is cnstomary in the freatment af industrial cooling
waters to combine inorganic polyphosphates with other
materials lo prevent scale aed o aid in the prevention of

carrosion of non-ferrous metals such a8 copper and.

copper alloys,

Usedul scale inhibitors for treating indusiriel cooling
waters are the phosphated esters of centain polyols
which are described in U8, Pat. No. 3,728,420

in addition to using these scale inhibitors, it is often- 5

times common to combine with the polyphosphates
certain heterocyclic nitrogen compounds such as cer-
tain zzoles which prevent corrosion of copper and cop-
per alloys such as admiralty metal.

A typical priar art seale inhibitor that hes been used
in tresting industrial cooling systems such as cooling
towsr waters and which is hereinafier referred to as
Composition 2 has the following formula:

Composition 2
Ingredienis ¥ by Weight

Phosphated-Ethosylated

20

40

45

60

65

2

-contineed

Composition 2
Ingzedians % by Weight
Giyezrine! 1.8
Banpsotriazale 2.0
Patassium Pyrophosphate 213
Adkal, Water, Aleahol Balance

522 Example |, U5 3,72841), for general mode of preparatian ind Compaosition.

In conducting laboratory studies with this material,
several conclusions were resched based upor esperi-
mental data, When this material is used 1o treat low
hardness waters, e.g. less than 70 ppm, Bs calciem car-
bonate, the corrosion rate lends to be excessive: It was
further observed that when the calcium hardness, basin
temperatnre and holding time indexes were increased,
there was an inordinaie incresse in deposit and scale
formation. This is particnlarly troe when the tempem-
ture of the water was in excess of [10° ¥, and the cal-
ciwm hardness was maintained at about 250 ppm. 1t has
also been observed and based on prior known data that
conventional palyphosphates, when the gztreme condi-
tions mmentioned above are employed at alkafine coadi-
tflons, e.g. pH §-9, that their reversion to orthophos-
phate is extremely rapid, thus rendering their use as &
cotresion inhibitor quite limited as well as tending to -
increase the scaling tendency of the system.

Based on the sbove, it would, therefore, be of benefit
to the art if it were possible to provide an improved
scale and corrosion inhibilor for industrial cooling we-
ters which contained an inorganic polyphosphate in
combination with other scale and corrosion inhibitors
which could operate effectively under conditions of
elevated temperature, high calcium hardness, and at a
pH within the range of 8-8, to effectively prevent scals
and corrosion,

THE INVENTION

The inveniion provides a composition for preventing
soale and corrosion in industrial cooling water systems
which comprises (I} a water soluble alkali metal con-
densed phosphate glass which hes an average moiecular
weight of about 2160 and a FO4 content of 92.4% by
weight, and (II) a phosphate ester of a polyol of the
formula:

(HO—);RI-—G{R jO—),CH;CHOHl,

wherein R is a saturated, hydrocarbon radical having
two to six carhon atoms, R is 2 member sslected from
the group consisting of:

—CH:CH;*—'lnd'-‘CHJ(iTH—
CHj

% b a number average in the range of 0~5, inclusive, v is
2 number average in the range of 1-§, inclusive, and the
sum of x plus y equals 2-6, and z is & number average in
the range of 0-30, inclusive, with the weight ratio of LI
being within the range of 1:4 to 4:1.

1n & preferred embodiment of the invention, the ratio
of 1:I1 is about 1:1. In another preferred smbodiment of
the imvention, the compositions contsin {rom about
3-15% by weight of an azole from the group consisting
of & member selected from the group consisting of 1,2,3-
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irinzoles, pyrazoles, imidazoles, isoxszoles, oxazeles,
isothiazoles, thiazoles and mixiures thereof.

The Alkali Metal Condensed Phosphate Glass

The phosphate glass has the struclural formula sat
foeth below:

o] O
il i

13 O—F-‘D*-'!l’ OH
Ole  OHa 4,

In e above formuls, n Is 10,5, In addition, I has an
average molecular welght of 2160 and a PO content of
92,49, It |5 Inferesting to compare this condensed phos-
phate with potassium pyrophosphate which has (he
following siruotural formule:

[+] 9]

I I !
X O_E"—'Dr—'f OK

OK ok |,

fn the sbove formula, n eguals 1, the miolecular
weight 1s 330, and the POy content Is 57.5%.

The phiosphate glass Is a Jong chaln polyphasphate
while pyraphasphate Is the dimer of orthophozphate.
The condensed phosphate in each product Is responsible
for the corroston protection of mild steel. Henee, dlifer-
ences in mlld sleal cocrosion rates wil be dirsetly attdb-
utable to the condensed phospate used, Ths basis of
compatlson for {hese moleoules must be on an equal
PO¢ content, This permils 8 measure of the amount of
performance gained per phosphale grouplng and thus
the refative mesits of each structure,

The Water-Soluble Phosphated Bsters of Non-Sutfece
Active Polyals

As Indicated, these malerials are deseribed in U.S,
Pat, No, 3,728,420, the disolosure of which is incorpo-
rated harein by reference, These esters comprise phos-
phate esters of a phosphated composltion derived by the

wr

20

(=}
<

[
n

reaciion of phosphorus pentoslde or palyphesphoric
45

actd with a potye! compasition of the formula:
(HO—3,R[—O{RIO—)CHCHIOH),

whareln R Is & saturated, hydrocarbon radical having
two to six carbon atoms, Ry s & member saiecled from

the group consisting of

—CH;CH:—arﬂ-*CH;ECH'—.
CH;

x {s n number avarage in the range of 0-5 Inclusive, y is
& number average In the range of 1-6, Inclusive, prefera-
biy 3-5, and the sum of x plus y equals 26, and 7 is &
numbec gverage in the range of 0-30, Inolusiva,
Preferred embodiments include those in which sald
polyol Is derived by oxystiylation of glycerot with 1.5
to 2.5 mols of elhyliene oxide per mol of glycerol; thoss
in whioh sald polyol Is derived by the oxyethylation of
mannitol with abou! 2-20 mols of ethyiene oxide par
mol of mannitol; those in which satd polyols are derlved
by the oxyelhylation of sorbltal with sbout 2-20 mols of
ethylene oxide per mol of sarbitol; those In which said

5

55

63

polyol Is derved by the oxyelhylatton of trimethylol-
propane with 1.5 to 2,5 mols of sthylens oxtde per mol
of trimethylolpropane, Examples of these materials
prior to reaction with either P2Os or polyphosphoric
acld are sel forth in Table §, A, of 115, Pat. HNo.
3,728,420,

Example § of this patent shows the preparation of an
ester composition that is exitemely salisfaclory as a
scale praventative. ‘

The Azoles

Azoles nre nitrogen conlaining heterocyclic S-mem-
bered ting compounds, and szoles whioh are sultable in
the composilion of this inventien include triazoles,
pyrazoles, Imidazoles, izoxazoles, oxazoles, Isothizzales,
thiazoles and mixtures thereofl as disciosed In LS. Pat,
Mos. 2,618,602; 2,742,369, and 2,941,953,

The triszoles which can be employed in the composi-
{lon of this [nvention are any water-soluble 1,2,3-
teinzoles such es 1,2,34riazole lself or a substhtuted
1,2, 3-triazole where the substitutton takes place n elther
the 4 or 5 posltton {or both) of the triazole ring ps shown
hore by the atroctural formuls:

NH
try
)
Sultatle tedazotes Inciude benzotrazole (the prefeered
trlszole);, 4-phenyl-[,2,3-dazole; 1, 2-naphthotriazole;
and 4-mitrobenzoitiazole, talyl iriazole and the like,
The pyrazoles which ean be used in the camposltion
of this Inventlon inolude pny water-soluble pytazoles
suoh as pyrazale liself or a substliuted pyrazole whese
the subslitutlon takes place In the 3, 4, or 5 position (or
sevaral of these positions) of the pyrazole ring ps shown
by {he structural formule;

HH

i
Ilﬁﬁﬁ?
H Ct JcH

Sullable pyrazales include pyrazols, 3,5-<Himethyl pyr-
azols, G-nilroindszole; 4-beneyl pyrazote; 4,5-dimethyl
pyeazole, and 3-aliyl pycazole, and the lke.

The imidazoles which can be used In the compositlon
of thts invention include any watersoluble imidezales
suoh as Imldezole itszlf or e substituted imidazols where
the substitullon lakes place in tho 2, 4 or 5 postilon (or
soveral of these positions) of the Imidazole ring as
shown here by the structural formuln;

H
H

Suitable limtdazoles which can be employed in the com- -

position of this inventlan include imldazole; adenins,
quaning, benzimldszole; S-methyl benzimidazole; 2-phe-
nyf imidazols, 2-benzyl lmidazole, 4-aliyl Imldazole,
4{betahydroxy etiyl)-lmldnzole, purine, 4-methyl Imid-
azollei( xanthlne, hypoxanthene, 2-meothyl imldazole, and
the liks, o
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Isoxazoles which can ba employed in the composition
of this invention inolude any water-soluble isoxazole
such as isoxazole ltself or a substituled isoxazole where
the substitufion {akes place in the 3, 4 or 5 posltion (or
several of these positions) of the isoxazols ving as shown
here by the strueturat formular

s}
Ty
|

1 sé

H

I
nc

H

Sullable isoxazoles Include Isoxazole, 3-mercantoisos-
azole, 3-mercaptobenzisoxazole, benzisoxazole, and the
itke,

The oxszoles which cas be employed in the composi-
tlon of this invention Inolude aay water-soluble oxa-
zoles such as oxazale Jtself or a subsllitted oxszole
where the substitvion takes place in the 2, 4 or § posi-
tion (ar several of these posilions) of the oxazole ting 83
ghown heare by the struclural formuia:

o

i
oy

H
I
{ I N

H

=]

g

Suliable oxazoles Include oxazole, 2-morcaploxazale,
2-mercapiobenzoxazole, and the lke,

The isothizzoles which can be employed in the pro-
cess of thls Inventien inolude any water-soluble [so-
tilazoles such as lsothlazole Hsell or a subatltuted fso-
{hlazrole where the substitutlon takes place in elther the
3, 4 or 5 posltion {or several of these positions) of the
isathlazola ring as shown here by the struciural for-
muip:

H
H

Sultable Isolhiazoles include Isothlazole, 3-mercaptolso-
tifazols, 3-mercapiobenzisolhlazole, benzisothlazale,
and the like,

The thlazotes whioh ean be used in the composliion
of is inventlon include any watersoluble thiszole
stich as (iazole lteell ar & substituted thiszole where the
substitnfion iokes place In the 2, 4 or 5 position {or
severat of these positions) of the thiazole ring as shown
here by the structural formula:

§

wet e n
whbe ok
Suitable thiazoles inciude thiazole, 2-mercaplothiazole,
2-mercaplobanzothiszole, benzothlazole, and the ke,
In the abave azale compounds, the constituents sub-
stliuied in the azole rings can bo alkyl, aryl, aratkyl,
atkylol, and atkeny! radicals so long as the substlinled
azale is water-soluble,
To flfustrate a typical formuls of the Inventlon, Com-
position ! s set forth below:

5

25

45

RH

85

Composithan |
Ingrediznts % by Welghe
Photphaied - Ethoxylaled
Glycerne! 69
Telyl Triazale LO
Polyphosphate Qlass 625
Alkall warer, aleohol B2,15

tSae Brampie 1, LS. JIMAR, Tor gestral mide of preparation and Compoatilon

Composltfons such as Composition 1 are effealive as
seale and corrosion inhibllors under the conditions pre-
vlousty described when used at dosages as low 25 0.f up
to as high as 100 ppm based on the aclive ingredients
contained therein, la moal cases, good results are
achlaved when the dosage ls within the range of 110
ppm. These dosages may be varied. For instance, when
the treatmants are inllislly started, higher dosages are
sometimes used 1o Inlilally form proteetive films and the
llke and ore then reduced to provide a so.calied mnlnte-
nance level, which are the dosages previousty desoribed
Above.

The test apparatus used In all the examples set forth
herelnafier Is & pliot cooltng tower laboratory unlt,

The pllal cooling tower (PCT) §s quite foxible in itz
operation, The variables of heat fux, metathucgy, flow
rate, pH, chemical feed rate, bloclde program, hoiding
time index, cyoles of concentration, and mekeup water
analysls contelbute to making this unit extremely valu.
able for many kinds of testing, Water is pumped {rom
ths tower basln by a varable speed pump through PYC
piping from which a side strenm is laken and passed
through an eleotrical canduativity coll (sensor pell) and
returned to the fower basin, The conductlvity of the
reclireulating water as messured by {he conduclivily
cell }s compared to & sel polnt, If the conduativity of the
water is too high, the blowdown pump begins temoving
tower bagin water at the rale of 70 wi/min. The chemi.
cal feed pump is rotivated stmultancouns to the blow.
down pump and begins adding fresh ohemical at such a
rafe to provide the desieed dosegs based on blowdown
water removed, Sinee the tower basin level Is being
lowared, & Jovel controller aotivates the make-up sele-
noid and fresh make-np roplaces the concenteated blow-
down water {hus reducing the overall conductivity of
the recirowlating wafer, The above explained meoha-
nism accounts for the basle cooling tower varlables of
make-np, oycles of concentration, holding capacity,
notding lime Index and caleulated continuous blow.
down rale,

Beyond the conductivity cell lies an in-line metaliio
thermometer which basically Indlcates the basin tem.
perature, The basin temperatuce, however, can be regu-
lated by an adjustable sorew on the outstde of a thermal
sensor Whioh prolsudes inte the tower basln, Beyond =
given water temperature this' sensor activates the ex-
haugt fan at the top of the lower and the counterfiow
induced draft provides the extra cooling nesded to pro-
vide the desired basin temperature, With no fan cooling
slandard heat load, and nommal recleculation rate, the
basin temperature can reach 118' F,

An in-line rotometer indicates Now In gpm. ‘This Tow
can be regulated at the variable speed pump which has
& range of 0-3 gpm.’

The pH of the system is monliored by pH electrodes
whloh are in series with & Great Lakes pH analyzer,
The pH analyzer s high set point capability. Beyond
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this hlgh set point, the acid selenold is activated and &
dilule solution of sulfuric acid Js fed untll the pH be.
coraes jower than the set point pH. Hysteresis can also
be regulated,

After having seen pH electvodes, the waier travels
shellside on three heat transfer swefaces which can be of
varying metallurgy. These tubs specimens are genarally
admiralty brass unless cotrosion of mild steel heal teant-
fer surfaces Is an objeative of the test. The heal flux is
provided by cartridge heaters of a given waltage, The
desired hient flux may be galned by rheostating the heat-
ers to the deslred power owiput, Mild stesl corrosion
coupons st mounted In Juclie blocks beyond the heat
transier hubes. These latler speaimens provlde non<heat
transfer aorroston and deposit resulls, Agaln, these cou-
pons con be of varlous metallurgles but mild stes) s
most commonly employed since the majority of matal
transmisston Tines are mild steal. The water then passed
& magna eorrater probe which can provide daily read-
aul. The above' disoussed seatlon of the unlt provides
the neoessary information for performance on the matal
sucfaces for a plven program,

The water thon moves te a water distrlbution {olosed
deck) syatem and falls down honey combed PVC tower
fill and into the busin where the rectroulation process
FEoNrs,

BXAMPLES

In each lest sequence, & high level dosage is main-
tained for two days. During this itlgh level dosage, 25
ppm polyphosphate es FO4 (200 ppm Composlton 2 or
420 ppm Composition [) are fed, pH control is maln-
tained at £.0 and oyoles of concentration are malntatned
near 2.0, This is done to establish maximum polyphos.
phate eorroslon protection while mivimlzing the possl-
bllty of catolum phosphate depositlon, Maintaining
pH=8.0 keeps orthophosphate malaly in the more solu.
ble HPOy=form and maintaining low eyeles of concen-
tration keeps a high chemleal turnover, Collzctively,
thess two methiods of operation can rednee or eliminate
sealing due fo hydrolyllo reversion of the polyphos-
phate to orlhophosphate, The mode of operation
ohanges slightly for the Intermediate high lavel dosape
of 12,5 ppm polyphosphate as PO, (100 ppm Composl-
ton % or 210 ppm Composiiion 1). QGenerally, no pH
conlrol is used and 2.5 eyeles of concentration are maln-
talned. The low level dosage (40 ppm Compostilon 2
and 84 ppm Composition 1) is fed for the ten io tweive
days foltowlng high level, This Is considered more than
enough time for the high level effects to wear off, The
evaluation, therefore, truly refleots the performance of
& low lovel dosage operation after cffeallve high-lavel-
ing.

When testing both Composition 2 and Composition 1,
analysls af the realroulating water ls qulte impariant,
Whaler variables such ‘as calclum hardness, total hard.
ness, phenophibalein alkelinlty, methyl orsnge alkalin.
ity, conduolivity and pH are done on a daily basis, In
addiiion, the lovels of soluble orthophosphate, soluble
polyphiosphate and solubls organic phosphate are moni-
lored by spectrophotometde techniques. The amount of
analyzed organio phosphnte Is related back to Ihe
amount of polyol ester (POE) in the formnia composl-
tlon and is recorded in lerms of ppm Compasition 2 or
ppm Compaosition 1. The iest seguences descrlbed in
this report discuss the patameters of pH, calcivm hard-
ness, holding tme index, and basin lemperature in o
speolfic manner, Other faclors which are held constant
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or which are nal believed to significantly affect the
overali comparison are fow velocily, conduolivity,
suspended solids, totsl microblological count, silica
concentration, fime required {o recirculate a volume af
waler equal fo the holding capacily, exleasive use of
PVC plping rather than metel, and the use of synthetic
tower fill. Fouling dug to suspended solids absarption
and micro-organism absorption cnn confuse the evalue-
tlon of corrosion and deposli conirel, An efforl Is made
to factor out thelr infleence by using make-up water
with esseatially no turbidity and In the cese of microar-
panisms by adding enough bleach to meindaln tatal
catins below 13X 105 organisms/ml (narmally & 10 ppm
NaOCH slug per day), Flow veloolty is 2.5-3.0 fi/sec in
svery test sequence and, therefore, exerts no Infhience
when comparing one fest sequence to another,

All metal specimens are dry-weighed prior to the test,
after the tesl Is campleted and after al! deposit is re-
moved by inhiblted hydrochloric aetd, The results of
eachl lest ars conpited as follows:

Carrostor: weight = fiftial welghe — final welgh!
Drepolt welght = pre-olean welght — iingd welght
Corroslon rate (MPY) =

arez fagtor for metaf 3 corcoslon welght

days expasure

The corroston weights and deposit welghts are ro-
porled in milligrams, Wien lwo metal speclmens are
used, the weight is reported as the average, Corrosion
rate iz In mils por year snd I plso seported as an average
when bwo speoimens ars used.

The desired malntenance level of & condensed phos-
phate is 5 ppm as POy, A dosage of 40 ppm of Composk-
tton 2 will feed 8,65 ppm of potassium pyrophosphate or
5.0 ppm as POy, Similarly, 8 ppm of Composition [
will feed 5,735 ppm of the phosphate glass or 4.9 ppm ag
POy, In both composltions, essentially the same amonnt
of polyol ester (8.5 ppm) will be fed by each cOMposi-
fion at wss tevel. The polyal ester (POE) is inoluded for
CaC0y scude conlrol, It has some bonefit as g mild steel
corroslan Inhilblter but not enongh to where the POR
could be used singularly fo conirol mild steal coreosion,
The benzotriazole (BZT) and tolyltdazols {TT) are
coppet corroston inhibltors, They are both effeaiive in
cantrelling corrosion of copper and lis alioys at fevels
of 0.7 ppm to 0.8 ppm in open reciroulating systams,

The standard PCT tost (Test Sequence A) is con-
ducted wnder what wauld ba consldered mild condi-
tions for these onlical cooling water parameiers; basin
tomperature= 100" F,; holding tlme index=10 hontrs;
calolum  herdness=25¢ In the rectroulating  water;
pH=8.8 at muintenance fevel, Changing these payame-
ters to a more stressed opecaling condition in fater fest
sequences can easfly be related baok to Sequence A.

Test Sequence A: Standard Congitlons

Both Composiiton 2 and Compesition ! give good
results under the standard fesi conditions. Experience in
operating PCT's would suggest that a 14 day mild sies)
heat transfer {lube speatmen) corrosion rate of 3.0 or
tower Is quite good, Mild steal deposit weights In the
350 mg to 300 mg range would be roted as good deposit
control. Any measurement bolow 350 mg would be
eonsidered excellen!. Far admlrally brass heat irapsfer
surfaces, & deposit welght of 75 mg to 100 mg would be
considered good, Any deposit waight below 75 mg
waould, of course, be considered excellent.
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Trble I shows a tabulation of the rotval PCT operat.
ing condliions for Test Sequence A and the Corroslon
and Deposil Resulls from thls seguence,

TABLE 1

10
seriptlon indleates that both scale and corroston prod.
uct were on the heat transfer surfaces, Composition 1,
however, gave excellent results on Ixxlh mild steet and

TEST SEQUENCE A

PCT QPERATING CONDITIONS

Avg. Calou.
High - Low AVE Mug- Hed
Pinke-  Level  Lavel Basin Avg.  Calelom  neslum  Avg. Holdlng
up Drorse s Die- Temp  System  Hard-  Hard- Cons Time
Water PPM PPM | cide F. pH e sl Rallo Index
COMP. 2 Chicago 100 40 bleack  HOO°F, £E 245 141 27 X
Tap .
COMP, b Chicago 210 -1 blaach 100°F. A3 b 126 24 L]
Tap
CORROSION AND DEFOSIT RESULTS
Avg.  AVE Ava. Avg.
Mild ms m ms  Admh ms
Test  Steel  Tub:  Tube Tube sahy ADM  ADM  ADM  coupan
Dura-  Heat Cors.  Cor, Dep, Heal Cow.  Core,  Dep  Corr Heal fvans.
dan Nux Rale Wg. Mg Nux Rele mg. 53] Rale  Tub: dase.
COoMP. 2 M 0,030 244 125 ML 0000 0.4 44 124 36 scale, Toral
days alisck ADM
dexlnalfics.
tlor.
coMet 14 non 123 165 1721 10000 D40 5 2] a7 Nosale,
dayr surface ateh,

Ths average syslem pH, for example, is oaloulated by
aveeaging the dally pH from day 4 to the end of the test
or day 14 in thls cese. Average calelum hardpess and
average magnesium hardness are caloulated in the same
way, The avarage concentralion ralio is compuled by
dividing the averags magnesium hardness by the mag-
nesium hardness in the make-up water, Make-up water
analyses can atso be fonnd in the Appendix, The hold-
ing time Indax #5 esloulated uwsing standard cooling
water caloulatlons,

It oan be scen from Table 1 that both Composition 2
and Composilion | glve mild steal heat transfer corro-
slon rales of less than 3.0, Using the performance guide-
lines sot down in this section, these resulls would be
comsidered quille good,

The deposlt welght an mild steel surfaces Iz the sum
of iron oxlde corrosion produel, plus rilneral salt sentes.
The suspanded solids tevel In all fest sequences is very
low and, therefore, does not contribute o deposit
welght, Admirally heal transfer deposil weights are
composed anly of mineral salt scales. Rarely wiil corro-
slon product ever make up & significant porcentags of
the admbsalty deposit weight, The deposit cantral of
Composltion 2 Is only fair on both mitd siesl and admi-
ralty hg:a! teansfer surfaces, The heat teansfer tubs ds-

1a)
=1

=
w
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admicalty brass tubes, The final \wbe descripfion con-
firmed the absence of any seale with Composition 1.
Admiralty corroslon rates ave not considered a arlierion
for success or fallure in this stndy, High admiralty cor-
roslon rates will resull from heat teansfer surface soal-
Ing. The pressnce of soale is aceannted for by the tube
deseripfton and deposit weight, The corroston rate of
the admically heal transfor surface, therefore, pravides
Httle ndded information in comparing the performpncs
of the two treatments, The admiralty beass corrosion
rale will be raported but will not be disoussed, The
overall performance of Compasition 1 is bolter than
Composltion 2 vnder standard conditions since 1t 1s
raied excellent in both corroslan and deposit controf,
The Composition 2 deposll contral is marginal,

Test Sequence B: pH Conieol at 8.0

Controlling the reoireulating water pH at 8.0 eliml.
nates the possibliity of calcium carbonate and ealcium
phasphate scallng, bot at the same tlme Inoreases the
carrostvity of the recirculating water. Test Sequence B
then Is & direel camparlson of the phosphate glass and
potasslum pyrophosphate (KPP} in their ability to in.
bt mitd steel corrosion. Table 13 shows the results of
this compatison,

TABLE 11
TEST SEQUBNCE B
PCT OPBRATING CONOITIONS
Low AVE. Caloulated
Level Basla AvE. Avg.  Magosse  Avg, Holding
Makewp  High Level  Dosz Temp,  System  Caleium fom Cone, Time
Water Dosz PPM . PPM Blostde *F, pH Hardness Hasdnzsy  Ratlo index
COMP. 2 Chlcago 2007100 40 hleach ot F, B0 250 139 28 0o
Tap
COMP. 1 Chicsgo 430/210 & blcsch o' F. 80 1 154 11 .5
Tap
CORROSION AND DEPOSIT RESULTS
- Avg.
s Tube AVE. Av;. Admire ADM ADM Avp.
Test Mild Btpel  Cort.  msTube  ms Tube  shy Corr, Cort. ADM  mscoupen  Heal trans
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TABLE Il-confinued

Dugatton  Heat fiox Rale  Corr.mg  Dep.mp. Hearflun  Rale ng. Drepmg  Corr Rate  Tubs dose

COME, 2 14 deys 10,000 9.£2 [$10] 173t 10,030 14 s 28l %4 Maderaie

surface

sich

COMP, 1 |6days 10,000 4.5¢ 18 Fil 10,000 .49 1173 N .6} Mo scile,
£pol Allack

w/deplh

Thephosphale glass s a much betier mlid steel corro-
ston inhibltor then patassium pyrophosphate. The cor-

bility of polyphosphatcs. Dslter results of Compositian
I are stiil obtained (See Teble Hi).

TALLE 111
TEST SEQUBNCEC
PCT OPERATING CONDITIONS
Calorls
Avg.  Avs aled
High Law Cal Mag- Hald-
Lavel  Lavel Basln Avg.  zium  nstfum Avg ing
Make-up  Dose Dose Temp  Sysiem Yiard.  Hard- Cone,  Time
Water FPK PPM  lioclde 'F pH ness hess Retio Index
COMP. 2t Chicage 200/100 44 bleash 13" F, £8 22% e .8 200
Tap
cOoMP, 1 Chleago  420/10 4 bizach fl€" F, .3 240 145 .E 0.0
Tap '
CORROSION AND DEPOSIT RESULTS
Avg.  Ave.  Ave. Avg
Mild mh my ms Admi- s
Steel  Tube ‘Fob:  Twbr  palty ADM  ADM  ADM coupon
Test Heal Cowt. Com. Dep. Hest Comn Corrn Dep Corr Heat tnmy
Duraticn flus Raie )8 mg. flux Rate mg. mg Rate Tubs dexe,
COMP.?  16dsys  1OOD0 307 41 {30 toDo0 036 o k24 19 brown scalz,
genoral atlack
COME, | 16days 143,600 077 120 132 000 038 o 54 0.7 Mo aealy,
Hght apot
allrck

rosion rate on mild steal heat transfer surfaces inoreased ‘

for both treaimonts by a factor of ~3.5. The Inorease in
corrosion rate may be due to increased reversion rats to
Inefiective orthophosphate, loss of bicarbonate buffer-
ing capaclty, and the loss of any coroston Inhfbltion
gsstatance [rom poiyal ester which s known te be of
Jittie or no value below pH= 8.5, Desplte the faot thal
double dose/donble me high level slart-up was used,
there Is evidence of slight under-dosage whh Composi-
tion 1. The twbe descriptton indicates jocal atiack, and
the corrosion tats is somewhat higher than 3,0 mils psr
year (MPY} Thiz is normally an indioation that the
erltical potential for passivation Is approached but not

exceeded becanse of Insulficlent passivatorl. Sinee good o

high levellng was achleved, a maintenrnce dosnge
geentar than 84 ppra will be needed to achleve a 14 dey
corrosion rate < 3,0 MPY on mild stes] with Compasl-
tlon | under these conditions, Composition 2 mild stesl
tubes show & more general atingk accompanted by a
vary high comrosion rate, This —%% MPY resull indi-
cates gross under-dosage al malntenancs level for Com-

Emsi(lcm 2,
Prinelples of Cawesion and Prolection, B, Stewarl and £, 8. 8. Tul-
fock, MecMiliun (1968} p.EI-5L

In summary, the use of Composition 1 in fieu of Com-
posttion 2 under pH=8.0 control conditlons Is sdvanta:
geous because less chemical will be required to schleve
best results,

Test Sequence C: High Temparaturg; Longer Holding
Time

Encreasing the basin temperature and fengthening the
halding time index will accentuate the hydrolytic insta-

This Is Jargely & funotion of the starlup proceduie
which holds pH~8.0 and the concentration ratlo at 2.0
oyoles, The increased aptublilty of the orthophosphate
anion at pH=E8.0 reduces ths driving reaotlon Torce
caused by osloium orihophosphate précipitation and
tower cycles of conceniration rednce the exposura time.
These account for the kigher polyphosphate residudls
seen for Composttlon § durng the firsl six days of the

5 test and ultimately for the batter corrosion prateation,

Table 111 Is a summary of conditions and the resulis of
this testing. Compositton | s superfor with resprol 1o
both corroslon praiection and daposit control A de-
posit welgil of 1340 mg on the miid steel tubs and 238
mg on the admiralty tubs for the Compasitlan 2 tes,
however, Is qulte poor, This deposit ts largely & result of
losing ohemical mess balance based on oyeles of cal
oium hardness and oycles of M alkalinliy relative to
oycles of megnesium hardngss, ‘This lon imbalence wes
nol seen for Compositio Test Sequence A despite
a similar concentration rilio, This loss of aalolum car-
bonate stabllizatlon 1 probably related fo the inoreased
bastn tempsrature, Compositon 1 does not experience
this boss of autivity end as & resull gives excellent de-

¢o podlt controk.

Te3l, Sequence Dt

High Temperature; Langar Holding Time; High
Calcium

65 Test Sequence D I very simflar to Test Sequence C,

The basin temperature ks Jowered somewhat: 113' F. to
110 F, and 116’ B, 1o 111" B, The major difierence,
howevet, s the amannt of caleium hardness in the recir
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oulating water, In Test Szquence D, it is In the 630 ppm
fo 700 ppm range white Test Sequence C had the stan-
dard 225 ppm to 250 ppm. Table TV summarizes fhe
conditlens end resuils. ‘

14

sitlan 1. The effeat of lignosulfonate is not knowa, Some
prefiminary work should be done fo. determine I any
benefits can be derived from the combination of ligno-
sulfonate, Compostiion 2 and Composition 1.

TABLE IV
" TEST SEQUBNCE D
PCT OPERATING CORDITIONS
Cal-
Avg.  Ave culated
High Low Cal-  Mag- Hald-
Level  Leval Putn  Ave.  clum  nsshim Avg Ing
Mreup  Dosc Dosa Temp System  Hpd:  Hud-  Conc.  Time
Water PPN PPH  Bloclds  °F pH new ness Reflo  Index
COMP. 2/ Water A 1o 45 blzach HI°F B4 0 43 £2 03
Ligupsulfons 2 2
ne
COMP. 1/ Waler A 4207210 - &84 blach HFF L) 213 W 3.8 18,0
Lignosullon- 2% 2)
Ate L
CORROSION AND DEPOSIT RESULTS
Avg,  Avg.  Ave Avg
Mitd ms m ms  Adml- ms
Siezl Tubs Fubs Tubs ralty ADM  ADM  ADM coupon
Tesl Heat Cory. Com Dop,  Heal Corn  Corn D2p Cond Heal s,
Durallon flox Rate mg PIg. Ty Rate mg. mg Rate Tubs dese
COMP, 2 14dsys {0,000 5.8 1170 1830 19000 @38 51 200 i soale, sovere
local attack;
deaineifisn-
lon,
COMP 1 L2 days (0,000 1,53 170 20 10000 63 a9 5 1.1 11ght spot
stlack, no
scale,

The compatison ls ol as clear es In other test scquen-
ces. Compostion 2 did not see a 25 ppm polyphosphsate
high fevel and the Compaosiiton 2 program was opsrated
at an average pH=8.6 cansing the M alkslinity to be an
pverags of 75 ppm higher than in the Composition 1
experiment, There are some interesting observations
nevertheiess, The average polyphosphate residuat at
malntenance fevel Is higher for both products than in
test Sequence C averaglog 1.9 ppm s POy far Composi-
tion 2 and 2.2 ppm a5 POy for Composition L “This
higher residuel fs aliributed to a Jower basin tempara-
ture, The holding {ime Indices were the same bn Teal
Sequence C as they were in Test Sequencs D,

The eorrosion protection and deposlt contrel of
Composillon 1 are both exeeliont. This furlher deman-
sirated the excellent performance of Composition |
under condltions that would be oxpected to dograds the
periormance of an alkaline _polyphosphate progrem.
Compaosilion 2 doss poorly in corroslon protectlon and
depostt cantrol, This may be partially a resull of fallure
to high-tavel at both 200 ppm &rd 100 ppm, but fu-con-
slderation of Test Sequence €, Compogition 2 wauld
still be oxpeoted to be much less efieclive thar Compo-

o
=]
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Test Sequence B

Higher Temperature; Longer Holding Time; High
Calgium

Thls Tesl Sequence is simllar fo both Sequenees C
and D, The obsecvation that average polyphosphate

residual is = function of basin {emperature appsars {0
apply to fhls sequence as welk Palyphosphate Residunls

vs, Basin Temperature,
A D < E

0 F 110 F 1) i
Compaiition 3 r9ppm 1o ppm  Léppm —t
Cemposliion | {Rpom  A2ppm 53 pem 0.3 ppmi

{116")
*hot eacugh dal
Unilke Sequences C and D, Composltlon § shows &

mild steel tube corroslon rate above the 3.0 MPY (Table
V.

' TABLE YV
TEST $EQUENCE B
PCT OPBRATING CONDITIONS
High Low Avg. Calculisted
Level bavel Busln Avg. Avg.  Megns-  Avg. Halding
Make-up  Dose Dose Temp  System Caklum jum Cane, Time
Waer PEM PPM Bleatde 'R, pH Hardness Hardness  Retlo Index
COMP. 2 Water B 200 40 Pleach U R 84 £ 21 13 5.0
COMP. ! Watec B 420 ¢ biesah 17 R LAl 6356 .- dog 4.6 240
CORROSION AND DEPOSIT RESULTS
Mid Ava Avs.
Stes! ms Tube  ms Fube  Ava. Admlr- ADM ADM ANE
Tes) Heat Cort. Cozr. s Tube sty Catr. Corr, ADM  ms coupon Heal trant.
Duratlon Mux Raxte mg.  Depomg Heatflun  Raie g Depmy  Com Rute  'Fube dese
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TABLE V-continued
COMP, ¥ Edays 5600 154 225 180 15,000 32 13 §84 e scalegen
corrodlen
COMPE, 1 14 deys 560 40 535 tDs3 15,000 Al 3% 112 1.3 sofl scale,
light suefsce
elack,

The combination of operating condltlons that caused
this deviation from previously seen excellent results is
24 hours holding time index, 17" F. basln temperalure,
and an average of 6350 ppm calclvm hordness in the
reclreulatlng water, The deposit welph! increased slong
with the corrosion rate, The scale Is composad of oal-
clum phosphate scale and jron oxlde, The presence of
soale Is caused by roversion by the polyphosphate to the
ingffeclive orthophosphate ion. The results for Compo-
sitlon 2 are paor, Dreposit welghts averaging 2760 mg In
anly elght days are beyond explanation. Thie corroston
tate of 16.4 MEY nfter eight days would be fess after 14
daye but stilt three to four-fold higher than with Com-
posltion L,

Test Sequence Fi

Longer Holding Time; ¥ery Low Calclum

A very soft water was used in {hls sequence. When
concantrated, this water produced ontelum hardnesses
in the 3545 ppm renge, This change produced the
largest noreass In miid sieel carroston rate of any of the
vartables tested, Since the P alkallnity was normally 10
or below (sce Table V), the potentinl for seals forma-
tlon was o,

(=}
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dosage 1o mainienange levels cavsed a dramalic rise in
corroslon rate. Obvlously, the malntensnce dosage must
be higher for both preducis, The Composition 1 test
would be visually rated as excellent at 400 ppm and 200
pptn product fed. The Composition 2 test would be
sated visually s fair at 100 ppm produot fed.

Having thus deserdbed my inveition, it s claimed as
follows:

1. A compoaliion for preventlng scale and corrosion
in indistrial cooling waler systems which comprises ()
& waler-soluble alkall matal eondensed phosphate glass
which bias an aversge molecular weight of about 2160
end a POy content of 92.4% by welght and () a phos-
phaled glycerol which hes been reaoted with from
1.5-2,5 moles of ethylens oxide per mole of giyeerol,
with the weight ratle of EII belng about Lk,

2, The compasition of claim 1 wherein it additionaliy
contains from 3-15% by welght of & water-soluble azale
fram (he group consisting of |,2,3-trlazoles, pyrazoles,
Imidazoles, Isoxazoles, oxazoles, lsothlazoles, thinzoles
and mixiuses thereoll

3, A methdd of intilbiting scale and corrosior In in-
dusirall coollng waters which comprises treallng sald

TABLE V1

TEST SHQUINCE P
PCT OPBRATING CONDITIONS

High Low Avg. Calculgted
Leyet Lavel DBuln  Avg. Avg. Mg Avg. Holding
Makeap Doss Dse Temp  System Calelum Fom Cone. Tinr
Water PPM PPM Pioclde 'R, pH Hardnety Hardras  Rablp Indox
COMP, 2 Water C 160 40 B &HB8 00'P B3 n 13 4.5 190
COMP, | Water G 4207210 13 R &HBE5 J00'F, 8.3 L1 FH 4.1 20,0
CORROSIORN AND DRPOSTT RESULTS
Milé Avg. Avg. ms
Siesl ms Tube Tubs Avg.  Adel-  ADM ADM Avg
Tesl Heal Corp Caop, ms Tube  slly Cort. Corr, ADM  micoupon  Heal leams
Durstion 134 Rale mg. Depang. Hedt flux Rale [0 Depeg  Comr Rate  Tube desa,
COMP, 2 14 days 10,006 548 TR 7856 10,00G 4.6 (3] 246 35,5 seysne
wirface
. slieck.
COMP b 14 days 10,000 2 2040 4035 10,600 .33 42 L 116 Ky
generat
&llazk

Bath prodiiots showed ssvore poneral corrosion at-
tack, The corrosion raled observed were approximately
a Lwelve-fold Inorease over that obssrved for standard
condltlons. Desplte the poor resulls for both products,
the daliy luba abservatlons indlerted that both praducts
had falr to excellent control at high lovel, Reduction of

&0

[

waters with &l feast 0.} ppm of the compostiion of claim
1.

4, The mathod of oldlm 3 whereln the industrial cool-
ing water has p pH of §-9 and sn average tewnperalure
greater than 110° F,

10
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LITERATLIR SURVZY

The literature seciion is presented

oT raison dletre Tor ine abvios of rexctions in The synthetic

section will be divided into thres Darts. The firsy

part will elucidate the value of the spiro(h,b nonane systen

contemplated, the second will reflact on past syntheses or

spiro(d,¥)nonanes end the taird will oriefly review reasons
jwy

for the selection of the synthesis.

A. SPIRO(kL, N )NONANE SYSTEM

The ketone absorption in the ultraviolet is known %o
be a low intensity absorplion showing extinction coefficients
il the order of 5-25, dowever, certain unsaturated op
arorstic, but non-conjugated ketones have been observed to
show unusually high extinction coefficients, Cooksonl chosze
to explain this phenomenon by citing the interaction of tha
p-oroital of the carbonyl carbon with the p-orbital of the
neighboring unsaturated system. Labhart and Wagnieree
suggested ibat the interaction between the non-bonding
orbital of the carbonyl and the p-orvitel of the unconjugated
system 1s responsible for the exhzltation of the ketone bvand.
Tre work of Mae Kenzie?:"}Jr and Dooleys were set forth to
provide a bztter understanding with cventual correlation

batweaen the theorctically ecaiculated extincticn coe

13




-2a
and the observed values,

Most notable among the ketones showing the exhaltation
is the bicyclo system, Three compounds, bicyelo(2,2,2)octan-
h-en-l-one (I), 7-(1',1'-dimethylmethenyl)-bicyclo(2,2,1)-
heptanone-1 (II), and 3,badimethylmSmmethen}lbicyclo(3,2,l)a

octanone-1 (III), are known, Here a system of rigid geometry

: 1L
I , C{{;\qf(:“" E
\ ‘

/? . ..? c// a7
o % o
is present which fixes the chromophoric groups in the molecule
providing the necessary informstion for calculation of orbital
overlap. Dooley5 preparsd two new, non-strained, unsaturated

ketones (IV and V) in a study dirscted toward understanding

[\ 7 |\)
a q% o

the effect of geometry on the ultraviolet spectrum., This
work established the effects seen by varying the Y-orbital
in a/B;Kwunsaturated kebone., GSince simple olefinic ketones
.normally exhibit low extinction coefficients, the effects

observed are not always clear, Consequently, the desirability
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ol compounds with strong ultraviolet absorpticns is present,
in particular the interaction between the styrene chromophors
and the carbonyl, This combination produced the most extreme
case of the ketone exhaltation ever demonstra.teds s VI.l The
purpose of thé-synthetic work set forth in this report was
to study methods which might lead to novel geometric
orientations of the two chromophoric groups. The work of

Dooley suggested the use of the styrene absorption group

in the spiro(l,k)nonane system,

B. PAST SYNTHETIC ROUTES T0 THE SPIRO(Y,4 YNONANES

As eaxrly as 1913, Lebedev and Merezhkovski7 proposed
diketohexamethylspiro(h,k Jnonane as one of the degradation
products from the trimer of dimethyl allene, Zelinsky end
Schuils:in8 cited B platinum catalyzed ring rearrangements of
spiro(4,5)decane to l-methylspiro(%,4)nonane, Indian
workers?»10»1L reported successful syntheses of l-keto-
spiro(4,4)nonane, l-keto-6-mebhyl-2,k-dicarboxyspiro(l,k)-
nonane and spiro(4,k )nonane, Manich’® used‘the pyrolysis
of the calciumsalt of diul—(l—cyciopent&necarboxylic acid)-
1,2~ethane to érepare Ll-ketospiro(k,k)nonane., Zelinskii
- and Elaginal3 opened 6-ketospiro(h,5)decane to the dlacid
and then condénsed with barium hydroxide at 295-300°C, to
yield l-ketospiro(},l)nonane, The ketone was.reduced to the

parent hydrocarbon_vis a Wolf-Kischner reductioﬁ.
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Horeaulh converted 1,4,4 7-tetracarboxyheptane to
1,0-diketospiro(h, b )nonane by preparing the anhydride
end then pyrolyzing., Levina and TantSayrevals reacted 1,4
dibromobutane with an excess of sodium cyclopentadienate
to yield spiro(l,k)nona-l,3-diene, Cram and coworkersl6’l7
attempted to produce spiro(h,k)nona-1,3,6,8-tetraens,
1-Ketospiro(4, 4 nonane was synthesized using the method of
Zeliﬁskii and Elagina., The ketone was then converted into
the analagous slcohol ‘and amine, Employing the reactd on
path of Horeaw, Cram prepared the 1,6-diketone and subsequentl .
reduced it to the corresponding dihydroxy compound with the
use of lithium aluminum hydride or hydrogen gas over Raney
nickel. Startiﬁ with dieﬂhyl adipate, 1~kat0n6-hfdroxyb
spiro(k,4)nonane (VIII) was prepared, The diester was

yar

——d ]
o . OH

cyclized via a Dieckmann condensation to 2»carbeth§xy~
cyclopentanone,. The Qeto=ester was then suyjected to

metallic sodium forming the alpha anion. The anion was
alkylaﬁed using ethyl ¥-bromobutyrate to ethyl K—(l«carbethoxy
-2uketo~1-cyclopentyl )-butyrate, This compound was reduced

to the corresponding hydroxy compound with the use of sodium
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vorohydride. The alcohol was cyclized by sodium hydride,
saponified, and decarboxylated to yield 6-hydroxyspiro(h,b)-
nonan-l-aone, Cram]'7 continued the work with the preparation
of olefinic spiranes, l-spiro(h,4)nonene, 1,3-spiro(l, k).
nonadiene and i,6—spiro(h,h)nonadiene. Thes unssburated
spiranes were prepared by conversion of the ketone to the
amine Tollowed by Hoffmann elimination or an amine oxide
pyrolysis, Attempts to prepare the olefins from l-hydroxy-
spiro(#,4 )nonane &ndll,6=dihydroxyspiro(h,h)nonane by base-
catalyzed eliminstion of the para-toluenesuvlfonates falled.

French workers™o found that 1-hydroxyspiro(4,k)nonane
rearranged upon treatment with polyphosphoric aclid to yield
b,5,6,7-tetrahydroindane., Treatment of 1,3-spiro(h,h)-
nonadiene with iron pentacarbonyl produced ring rearrangement
to bistetrahydroindenyldi-irontatr&carbonyll9. Trans= hydrin-
dandiol-(8,9) was found to rearrange in concentrated sulfuric
acid to lnketospiro(h,h)nonanego. onley and coworkers>»22:€3
Tound l-ketospiro(h,4)nonane to undergo an sbnormal Schmidt
reaction in polyphosphoric acid. From this reaction and the
Beckmann rearrangement, the intermediste nitrile and indan-
dienone were isolated; '

Mayer and coworkerseh were able to-prep&re luketéspiro—
{4 ,4)}nonane from the reaction of l-( -bromobutyl)=cyclo-
pentanone-2 with potassium hydroxide, 35% solution,

Krapcho and Benson25 studied the acetolysis of spirane

systems in which a tosyl group was alpha to the splro carbon,
17 l
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The tosyl containing ring was always five-membered while the
other ring varied in size from rfour to six members. The mwain
reaction product was rearranged olefin with a smell amount
ol rearranged acetate also belng recovered, They observed
an acceleration of reaction rate for the spiro compound in
comparison to its cycloalkane analogue, This reaction accel-
eration was attributed to the relief of ring strain oceurring
presumably by neighboring group participation in the bridged
ion intermediate, -

Krapcho and Donn26 prepared spirenes as products from
the decomposition of the corresponding tosylhydrszones,

Their method of synthesis produced yields in the 75- 904
range for spiro(4,5), spiro(5,5), and spiro(5,4) eystems,
but the yield was found to be only 53% in the case of the
sPiro(h,hjnonane.system.

Criegee and; coworkers2! synthesized 1,2,3,4%tetramethyl-
spiro(4,k%)nona~1,3,6-triene,  This was accomplished by
condensing the nickel chloride complex of tetramethyl-
cyclobutane with sodium cyclopentadienate and then
prodﬁcing rearrangement with acid to form.the spiro(h,)
nonane system, |

Krieger and coworkers?8 were able to prepare spiro(4,})-
nonan-l-one by condensing l-pyrollidinoeyelopentene with
1,%-dijodobutane, In 1968, Christol and Vanei29 prepared

l-methylspiro(4,k nonancl-1, by addition of methyl magnesium
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bormide in a Grignard reaction., In the same work, they
successiully added triphenylmethylenaphosphorane to spiro-

(4,4 )nonan-1-one to produce l-methylenespiro(4,4 )nonane,

C. SELECTION OF SYNTHESIS

The series of reactions followed the course used by
Daoleys and, Craml6’l7 It would seem from the literature
- that the most logical starting material for the spiranes
contemplated sould be'spiro(h,h)nonannl,émdione, & known
compound, Christol and Vanel®? demonstrated the use of the
Wittig reagent and the Grignard reagent, both stéong bases,
to the spirane system in tact, Docley, howsver?‘found that
spiro(h,h)nonan;l,Gmdione was sensitive to base and instead
of addition underwent reverse aldol condensation. The
favorability of this over addition is supported by the stability
of the cyclopentyl anion adjacent to the carbonyl or other |
electron withdrawing group, The stepwise series is shown °
on the next page for the addition of phanyl magpesium
bromide to tha diketone. From this information, ethyl '
X;(l—carbethoxy~2=keto—lucyclopentyl)=butyrate was symthegized
and addition reactions were run on this compound, If addition |
was successful, the adduct would be cyclized via a Dieckmann

condensation, saeponified, and finally decarboxylated to the

desired product,
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DISCUSSTON AND RESULTS

The esterification of adipic acid gave virtually
quantitative yields., The reaction equilibrium was foreced to
product by the use of azeotropic distillation, The crucial
| portion of the procedure was the redistillation of the
azeotropic mixture after having been dried over potassium
carbonate. Best yields were obtained when the azeotrope
was distilled over for the third time.

| The Dieckmann.condensation of diethyl adipate to
2-cerbethoxycyclopentanone was found to give Yielads
below that reported by Organic Synthesis3l. The formation
of sodium ethoxide during the reaction makes the reaction
conditions very difficult unless the reaction is run more
dilute, For this reason, it was found to be more
advantageoué to use a three-liter volume for the reaction
of 1.0 moles instead of the 1,5 moles recormended by Organic
Synthesis, The product is very pure.and vacuum distillation
of the material goes very smoothly,

The gas addition of HBr to Y-bubtyrolactone was found
to be nearly quantitative as evidenced by the weight ggin'
of the reaction flask, The esterification step, however,
is more difficuwlt than that seeﬁ in the preparation of
diethyl adipate, Here also, it is assumed that redistillation
of the azeotropic mixture is the key to the reaction.

Preparation of ethyl af-(1-»carbethoxy_e‘-keéoﬂl.-eyclo«

pentyl }-butyrate was found to give ylelds higher than those
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reported by Cram and Steinberg » Bachmann and Struve~ ' op
D:woleyj. The suceess of the reaction is attributable to
the use of sodium hydride rather than sodium sand or a

sodium amalgam. The synthesis o this campound is shown

below,
CHyCH OH )
Ho~¢ w(cHg)‘%-nc‘:l “OH ——— cHcy 06 -=(cﬂz_4 :C;OC#;C”_,
[s] o o

=

. ’ i N&a
R |
o o cmocﬁlczﬁ
' I
48 (4]

S 3z (c&g)s doen, cH, $
o = @ ("’*a?_,, coeh cHy
o eH
'S
¢ qochen,

g g i i
o o

Attempis to add diphenyl cedmium or triphenylmethylenef
phosphorane to ethyl ¥-(1l-carbethoxy-2-keto- 1~ eyclopentyl )-
butyrate were equally unsuccessiul, Fastham and Feeney3
pointed out the rarity of adding diphenyl cadmium to carbonyl
compounds and were only successful with highly reactive
aldehydes. The reasoning underlying the attempt ':;.ras the
hope that the lower reactivity or higher selectivity of the
organocadmium compounci would assist reaction only to the
more reactive ketone with little or no reaction to the
two ester groups present. The addition of the ketone
lnversely immediately produced a white precipitate later

identified as biphenyl. The attempts to add the Wittig
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reagent to the ketone were unsuccessiul producing no reaction
in all cases. Dooley has shown that the addition can be done
as evidenced by NMR spectra of the products,

Inverse.addition_of Grignard reagent with a lower
than 2;1 ratic of Grignard reagent to ketone was also tried,
Tt was hoped that since two moles of Grignard are needed
to effect the addltion, the alkylating agent would act
in selectlvity and produce adducts to tha ketone alone,
An adduct was recovered from this reaction, but was nesver
identified. The adduct was cyclized, saponified and: placed
under decarboxylating conditions., The producﬁ boiling points

seem to £it a retrograde to former reagents,
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EXPERDMENTAL SECTTION

PREPARATION OF DIETHYIL, ADIPATE
The procedure followed was that found in Organic
SynthesisBO. A three-liter flask with a downward water-
jacketed condenser was heated on an oil bath, A mixture
of 438.4 grams of adipic acid, 1080 ml of absolute ethanol,
540 ml of toluene dried over sodium and 2,5 ml of concentrated
sulfuric acid was added, As the mixture was heated, the -
soli& acid slowly dissolved, The azeotrope of toluene,
etnanol and water begen to distil at 75°¢., but the reaction
wvas allowed to proceed until a temper&ture‘of 78°C, had
been reached. |
_ The azeotropié mixturé&ﬁas collected in a two-liter

flagk céhtain;ng 450.0 grams of anhydrous pobessium
carbonate, The slurry was stirred vigorously and then.
the solids were.filtered by the use of a Buchner'funnel;
. The dry tolueneﬂethanol m;xtura was returned to the d;stilllng
‘flask and the ‘solution was distllled 8s’ before. After o
distillation reached a temper&ture of 78~80°C,, the
regidual oil was transferred to a one-liter flask and’
comected to a flash evaporator. The rémaining solvent
vas removed under water-aspirated sucﬁion. The crude ester
was now distilled under high vacuum to yield a pure
product distilling at 85-86°C./ 0,5 mm, The vield was
59840 grams or 98,7%. Organic Synthesis reported a

yield of 580-588 grams of product distilling at 138°C/ 20 vm.
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PREPARATION OF 2-CARBETHOXY CYCLOPENTANONE

The mathod or preparation was the alternate method
Tound in Organie SynthesisBl.making use of sodium sand,
The use of smaller perticles of molecular sodium is eruecial
to the overall yield of the reaction., The sodium sand was
prepared in the following‘way. Placed in a 250 ml
Erlenmeyer flask were 10.0 grams of metallie sodium,
cub into small pleces and 100 ml of Xylene, The flask
was then fitted with é ane-hole rubber stopper containing
glass tubing with & stopcock, The stopcock was partially
vented and the flask w&é alloved to heat in an oil bath
which was held between 125«13000.. The sodium melted at
97°C.. When the sodium had Just melted, the flagk was teken
from the oil bath anhd first swirled and then shalken vigorously
to produce sodium sand., Tf the soedium was overheated after
melting, the shaking Qould initiall& have produced particles
but these would coalesce since the temperature drop was
not sufficient to form 1nd;v1dual particles, Af%er
successful preparatlon of the sand, the solution was
allowed to stand, Prior 4o thes use of sodium sand in
the reaction, the xylene was decanteg and fresh portions of
dry benzens to be used in the reaction were added to effect
the transfer. In a three-liter three-necked flask were
placed 1250 ml of benzene, carefully dried over sodium,

and 51.5 grams.of sodium sand, Benzene was used to
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transfer the sodium, Diethyl adipate was added in one
rortion to this mixture until 202.0 grams (1.0 moles)
nad been added and then 3 ml of absoluta ethancl was placed
in with the mixture, The flask was placed on a steam bath
and swirled until a vigorous effervescence occurred. The
reaction was allowed to remain on the steam bath for an add-
itional five minutes, One neck was then fitbed with an
addiﬁion fumel equipped with a pressure arm and another -
neck with a water-jacketed condenser having a caleium
chloride drying tube in place, The middle joint was ritted
with a motor-driven blade stirrer guided by a stirring
shaft, The stirring action.was begun and the reaction was
allowed to reflux for twenty-four hours on & steam bath op
& heating pad controlleq by rheostat. During this period,
the mixture became very thick with & copious white
precipitate, The mixture sometimes becams thick enough to
stop the action of the stirrer, In such an insbance,
additional portions of benzene were added to keep the
mixture flUld At the end cf the period of reflux, a
large white mass had formed in a volume of yellowish-orange
liquid, With coollng, 75 nl of absolute alcohol was addeda
After the excess sodium had been decomposed, added cauviously
with swirling were albernate portions of crushed ice and 6N
HCL until the mixture was sufficiently acid to render Congao

red paper blue, The liguid portion wasg decanted leaving the
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solid mass behind. Tﬁis solid was dissolved by breaking
and swirling three times with a mixture of 250 ml of ice
viater, 75 rl of water and 150 ml of crushed ice, This
action rendered the mixture into a sami-solid mass, All
parts of the reaction were now combined and the aqueous
phase was separated. The aqueous phase was extracted twice
with 300 ml portions of l:1 (v/v) benzene:ether solution.
The ﬁrganic layers were then combined and were washed twice
with 300 ml portions‘of 5% sodium carbonate solution and
twice with 300 ml portions of water. The orgauic portion
was now trangferred to a 500 ml flask and the solvent.removed
by flash evaporation. The orange oil remaining waé trans-
ferred to a gmaller flask and distilled under high vacuum.
The product distilled at 56°C./ 0.35 mm and the yield was
loé.é'grams or 68,20%. The boiling point reported in
Organic Synthesis is 108-111°C/ 15 mm with a yield of
79-82%, |
PREPARATION OF ETHYL {-BROMOBUTYRATE

The preparation described is that suggested by Cram
and Steinbergl6. Additional information was obtained from
Tinkero?,and Orgenic Synthesis=-, A.EOO ml three-necked
flask, one neck fitted with a water-jackebed condenser
having rubber tubing extending to a six inch funnel inverted
slightly above water in a 600 ml beaker, was set up. Another

neck was stoppered while the third neck was Pitted with a
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5as inlet tube having a rritted tip., A tank or hydrogen
bramide was connected to the reaction flask wa a 500 ml
suction flask serving as a trap, Added to the flask was
258.3 grams (3.0 moles) or 228 ml of Y-butyrolactone, The
solution was magnetically stirred while the hydrogen bromide
valve was opened., The reaction proceeded very rapidly and
exobhermically, Crushed ice was kept at hand for cooling
if tﬁe reaction became too vioient. The gas addition was
allowed to continue for four hours and during this time
the solution turned to a burnt orange and finally to black,
Yhen gas addition was complete, the vessel was flushed
with nitrogen gas for thirbty minutes to remove anyl
residual hydrogen bromide,

The crude acid was then transferred to a three-liter
one-necked flask for esterification, The neck was equipped
with a Barrett distilling receiver and a waber-jacketed
-condenser with a caléium chloride drying tube in place,
After 350 ml of absolute ethanol (6.0 moles) and 750 ml
of benzene dried over sodium were added, 10 ml of
concentrated sulfuric acid was slowly poured down the side
of the flask. The mixture was reflu#ed for twelve hours,
water formed being drawn off intermittently, After the
period of reflux, the flask was equipped with a downward
waterujﬁcketed condenser and the azeotropic mixture of

benzene-ethanol-water was distilled off. The remaining oil
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was then mixed with 500 ml of anhydrous ether and separated
into two parts. Each portion was washed three times with
125 wl portions of 5% sodium bicarbonate solution and three
vimes with 125 ml portionas of water. The organic layer was
dried with anhydrous magnesium sulfate and filtered, Product
absorbed was removed by washing and combined with the filtrate
and both were subjected to a flagh evaporator where the |
solvént was removed. The produet was then distilled undef
high vacuum giving 446,8 grams of pure ester distilling
a% 36°C./ 0.3 mm. The yield was 72.5%.. The yield could
be improved by redistilling the azeobrope in the esterification
process, since conversion to the bromo acid was nearly |
quantitative as evidenced by weight gain. Cram reported a
vield of 93% while Tinker reported 6&70%.

, | ' PREPARATION OF
ETHYL &= (- CARBETHOXY~ 2~ KETO= 1. CYCLOPENTYL )~ BUFYRATE
The method of-Bachmann and Si:ruv‘zfﬁj‘t was modified by
Cram and Steinberg16 to give better yields by raplacing
potasgium with sodium and the use of vigorous stirring
ingide the vessel itself to effect a meballic dispersion,
The procedure presentéd hare is basically that of Cram and
Steinberg except that yields were improved by tha use of
sodium hydride-mineral oil dispersion,
The reaction vessel was a three-necked flask with g
three~liter volume, The necks were ritted with a water-

/
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Jacketed condenser, an addition runnel with a side pressure
arm and a motor-driven blade stirrer guided by & stirring
shart, The top of the condenser was rfitted with a one-hole
rubber stopper having glass tubing leading to a three-way
stopcock, One inlet of the stopcock was comnected to a
water aspirator while the other was connected to s tank
of nitrogen gas via a calecium chloride drying tuﬁe. Sodium
hydride( 61% in mineral oil dispersion), 52,0 grams (1.32
moles), was placed iﬁ the flask along with enough petroleunm
ether to sufficiently cover the solid. The dispersion was
stirred magnétically and the flask was filled with nitrogen.
atmosphere. = Thelpetroleun ether was drawn off by water-asplrated
suction and the flask was again filled with nitrogen. More
pevreleun ether Qas added as before and the process was
repeated two more times, Following the third repetition,
1050 ml of toluene, carefully dried over sodium; was added
and the flask was co&led to 6-8°C, by a cold benzene bath,
2= Carbethoxycyclopentanone was added dropwise over a period
of thirty minutes until 190.0 ml or 205.16 gxl‘ams {1.315
moles) had been added, THe mixbure solidified. More
toluene was added to rinse the addition funnel and keep
the mixture fluid. The benzene cold bath was now removed and
& heating pad was placed under the vessel, The mixture
was now chalky-white in appearance,

Ethyl §-bromobutyrate was. added through the addition
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Tunnel over a period of fifteen minutes with good stirring,
A total of 19%.0 ml was used (1.321 moles), The reactants
and the solvent solution were allowed to heat and reflux
Tor a period of twenty-four hours, Aftep cooling, the mixture
was rendered acid to litmus paper by thé ad&ition of cold
1N HCl. The acid was added cautiously with swirling to
allow any excess sodium hydride to fully react. fThe aqueous
andlorg&nic layers were separated and the aqueous phase was
extracted three timeé with 250 ml portions of toluene. The
organic layers were collected and divided im half. Each hale
was then washed with 250 ml portions: 6f water until the phase
was neutral to pH paper; The organic layers wers then cambined,
dried with anhydrous magnesium sulfate, and filtered. Crude
product absorbed by the dessicanf was collected by washing
and the solvent was removed by flash evaporation., The
residual oil was distilled under high vacuum. fThe product
distilled at ll?ocg/_0.05 m giving producf weighing 204,4
grems for a yield of 82.5%, Cram and Steinberg reported-
& yield of TO%kof produ;t redistilled over 136-142°¢./ 0,20 mm,
Bachﬁann aﬁd Struve reported 79% with the product boiling

st 140-145%, / 0.4 mm,
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PREPARATION OF TRIPHENYLMETHYLPHOSFPHONIUM BROMIDE

This crystalline material was prepared according to
Organic Synthesisas. Pressure bottles were used which
were stoppered with a glass top fitted by & rubber washer
and held in place by wire clamps, Five pressure bottles
‘were used and each contained an equal amount of 203,7 grams
as total weight of triphenylphosphine, The triphenyl-
phosbhine in each of the bottles was dissolved by heating
on a steam bath With130=35 nl of benzenes, After cooling
in an ice-salt bath, each bottle received approximately
50.0 grams or 29 ml of cold metbyl bromide liquid. Shortly
arter stoppering the bottles, & copious white solid began
to precipitate. Initially, the reaction evelved a large
amount of heat and the bottles were cooled for one hour
in an ice-salt bath, After six hours, all flasks were solid
with white crystalline material. The botiles were again
cooled and the stoppers vere removed carefully, The solids
were collected, lumps were crushed and the product was
placed on a Bﬁchner furmnel using benzene to effect the transfer
of residual material. The solid was washed twice with 250
ml portions of hot behzene, The total dry product obtained
amounted to 200,2 grams for a yield of 88,0%, Shortly
after stoppering, following methyl bromide addition, one
bottle burst under preésure and considerable product'was lost.
Organic Synthesis reported a yield of 95% with product

nelting &t‘232¢233°c. : T - f\'_P: 15;._f“j);~
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ATTEMPTED PREPARATION OF
STHYT & - (1~ CARBETHOXY= 2= METHYLENE- 1= CYCLOPENTYT )~ BUTYRATE
Extensive sfudy of the Wittig reaction and in particular
the preparation of the Wittig products of cyclopentanones
including this one was done by T.J. Dooleysé. The procedure
described here was the most successful preparation encountered.
Production of the methyl sulfinyl carbanion followed
the‘reporﬁlof Corey, and Chaykovsky37. A'500 ml three-necked
flask was fitted witﬁ a water-jacketed condenser having
glass tubing extending t¢ a three-way stopﬁock affording
w&tef aspirated suction-and a nitrogenagas inlet. Placed
in the flask was 1.7 grams of 61% sodium hydride in a
dispersion of mineral oil. The mineral oil waé removed
by adding petroleum ether, dréwing of the petroleum ether
and Tlushing with nitrogen. The procesé was repested exsctly
as in the preparation of ethylﬁ’»(lnc&rbethquaa-keth |
lncyclopentyljnbutyrate, Dimethyl_sulfo%ide which had
been dried over caleium hydride was now added to 70 ml
oz 77 grams (0.985 moles ), Thg so;utionlwas hegted at -
- 75-80°C. for & ﬁeriod. of forty-Pive minutes. and ‘bhén soaled .
until solid formed. fhe solution atlthis point bad teken |
on a greenish cast. Triphenylmethylphosphonium bromide
was dissolved in 100 ml of dimethyl sulfoxida, A& total
of 46.3 grams (0.130 moles) was used. The solution was

alloved to stand for a period rfifteen minutes and then
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cooled. The other two necks of the flask were then fitted
with an addition funnel and a motor-driven blade stirrer
adapted by a stirring shatt., Added to this solution was
11.0 grams of etrwd.KL(l»carbethoxy~2—keto=lncyclopentyl)
~butyrate (0.041 moles) and the mixture was heated by the
use of ‘a heating pad for eight hours at 100°C., The reaction
mixture was poured onto crushed ice and extracted four times
with 250 ml portions.of 1:1 (v/v) benzene:ether solution.

The organic layer was forther washed,W1th 250 ml portlons

of 1:1 (v/v) dimethyl. sulfoxidesvater four tlmes or until
the wash layer—was neutr&l to pH paper, The oil was dried
by anhydrous magnesium sulf&te and flltered care belng
.taken not to lose product 1n the;de331cant. The solutlon ‘
was now subjected to flash ev&poration and the r331dual.01l
was dlstllled under high vacuumr ThE'dlStlllate was found

' by NMR analysis not to show the,ﬁresence of V1nyl hydrogans..
Since the pure oil dlstllled at 11300./ 0,05 mm. with no -
dzstlllable liquld remainlng, it was concluded th&t startlng:
) was obtalned : Dooley reports a y1eld of 31% product based

"upon percentage-of a: mlxture havlng vznyl hydrogens 1n the

NI'H{ ®
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ATTEMPI'ED YREPARATION OF
ETHYL ¥ - (1~ CARBETHOXY- 1~ CYCLOPENTYL- 2- PHENYL- 2+ HYDROXY )~
BUTYRATE BY ADDITION OF DIPHENYL CADMIUM
The procedure used was that of Eastham and Feeney38.

PhenylL magnesium bromide was prepared from 3.3 grams of
nmagnesium shavings (0,137 moles) and 20,0 ml or 30.4 grams
{0.191 ‘'moles) according to the preparation described later,
The‘Grign&rd reagent wasg prepared in a 250 nl three-necked
flask. One neck wes fitted with a water- jacketed condenser,
another with an addition funnel equippe& with & pressure
axrm, and the last with a motor-driven blede stirrer guided
by a stirring shaft. From the top of the condenser, glass
tubing having a three-way stopcock extended to a nitrogen tank
via a calcium chloride dr&ing tube and to & U<tube half
filled with mercury ioosely stoppered with glass wool to
avoid splashipg. To the ethereal solution qf Grignard
reagent was a&ded 11,0 grams of cadmium &bloridg'which had .
been dried-ﬁndgr‘Vacuui.aﬁ 100°%¢. for twénty;fqur hours.
The reactioniﬁook'plaée inmediately but ﬁhg so;ution}waé
| let'to sbir for.Fifteen minvbes, The condenser as now'
reploced with a-distilling head connéctad to a downward
water-jacketed condenser, " The ether was distilled of?f
under nitrogen atmosphere and,. during distillation, two .
porticns of 50 ml of dry benzene were added through the

addition funnel, After the solvent replacement was complete,
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the condenser is again set into place and 8,2 grams (0,022
moles) of ethyl3’—(l—carbethoxya2wketo~l—cyclopentyl)—A
butyrate was agded rapidly through the addition funnel.
The mixture was refluxed.for thirty minutes and then poured
onto 200 grams of crushed ice. A 20% sulfuric acid scolution -
was added until both phases were clear, The organic layer
wvas segparated and washed with 50 ml of water.- The organic
layér was then extraéﬁed twice with 50 ml portions of benzene.
The orgamic solution vas dried by anhydrous magnesium
sulfate and filtered. Two 50 ml portions of benzené.were
passed through the degsicant to recover any product ;oss‘ﬁo
the solid. The benzene was removed by flash evaporation and:
the remaining oil was distilled under high vacuum. Four
fractions were collected. The first fraction was collected
at 55-72°¢./ 0.05 mm, the second from 72-95°C,/ 0.03 mm,
the third from 95-97°C./ 0,02 mm and the last from 95-97°C./
0.02 mm, The last two fractions acecounted for epproximstely
80% by weight, These two were subsequently redistilled and
showm to be stérting material by physical constants and
IR spectra. The first two fractions were too small to

identify but it was noted that bobh solidified while

entering the flask,
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ATTFMPIED PREPARATION OF

ETHYL ¢~ (1~ CARBETHOXY- 1~ CYCTOPENT YT~ 2« PHENYI~ 2~ HYDROXY )~

BUTYRATE BY ADDITION OF PHENYL MAGNESIUM BROMIDE INVERSELY
The procedure presented here is based on the preparation

of phenyl magnesium bromide and its work-up found in Organic
Synthesissg,- A 500 ml three-necked flask was set up with
an addition funnel; a motor-driven blade stirrer, guided
by a.stirring shaft, and a water-jacketed condenser,
Extending from the top of tﬁe condenser was glass tubing
with & three=way stopcock allowling for an inlet of nitrogen
zas and a U-tube half filled with mercury lossely stoppered
with glass wool. The whole apparatus was bheabed in a stream
of nmitrogen to remove any moisture or oxygen. Twenty grams
(0.833'moles) of magnesium turnings, 150 ml of dry ether
and 2 ml of redistilled bramobenzene were combined in the
flask., The mixture was stirred until the reaction begins.
Initially, the flask had a cold water bath surrounding it,
but this was removed when the reaction began“to give off
heat, When.tﬁe reaction had started, the remainder of
78.5 grams of bromobenzene (0.5C0 moles) wes added in a
solution of 300 ml of ether over a period of one-half
hour. If the reaction failed to begin with the initial
3,0 grams of Eromobenzene, the ethereal solution was added
at ébout 15 mL intervals not to exceed 60 ml, When the

reaction was complebe, evidenced by ether no longer refluxing,

R
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the rlask was cooled and stoppered in a nitrogen atmosphere,
In a 250 ml flask, baving three necks identically equipped
to that used in the preparation of phenyl megnesium bromide
and heated in the same way, was placed 14.0 grams (0,05
moles) of ethyl -(1-carbethoxy-2-keto-1~cyclopentyl ).
butyrate and 150 ml of dry ether., The mixtwre isg cooled
to SOC. by the use of a ;altﬁice bath, . Under vigorous
stirring, 30,0 ml of. 1.h45 N;phenyl magnesium bromide was
added dropwise over forty=-five minutes. The ice bath was
removed and the mixture allowed to stir for an additional
forty-five minutes, The whole reaction was added to 200 mi
of cold 10% HCl solution. The aqueous phase was separated
and was extracted twice with 50 ml portions of ether. The
crganic layers were combined and were washed witﬁ 206 ml
of water, 200 ml of 5% sodium carbonate solubion, 200 ml
of water end 200 ml of saturated sodium chloride solution,
The ether was reamoved on a rotary evaporator and the orangish
oil was distvilled under high vacuum, Initially, starting
material distilled, but over the range 162-172%,/ 0.10 mm,
a thick orange liguid distilled, A white solid found in the
first fraction was identified by NMR spectrum, IR spectrum
and melting poiﬁt to be biphenyl. The IR spectrum of the
thick liquid showed the presence Qf an -0H band and aromatic
hydrogens. This was interpreted té mean successful addition

and this liquid was put to cyclization and decerboxylation
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conditions without further identification.
CYCLIZATION OF THE GRIGNARD ADDUCT

The procedure described here is. that followed by
Dooleyho. A 500 ml three=necked flask was equipped with an
addition funnel, a ﬁotorndriven stirrer adapted by a stirring
shart and a water-jacketed condenser, From the top of the
condenser extended glass tubing having a three-way stopcock
affoiding nitrogen-gas inlet and water aspirated suction,
Sodium h&dride ( 6l%‘in minersl ¢il dispersion) was placed
in the flask (5.0 grams) and was covered with petroleum’
ether, I% was washed three times as in the preparation of
ethyl ={l-carbethoxy-2-keto-lucyclopentyl)-butyrate. The
action of the stirrer was begun and 250 ml of benzene dried
over sodium:wgs added. Ten milliliters of absolute methanol
was added to start the reaction and the sclution was brought
to reflux by the use of a heating pad., Over the course of
one hour was added 5.0 grams of the adduct in 8Q ml of
benzene, The reaction was allowéd to continﬁe gt feflux
for an additional ten hours. .During cooling,'s ml of
n-butyl ether and 20 ml ofrtolﬁene were added in one portion.
The reaction was cooléd to O=5°c, by.the use of an ice-salt
bath and when the reaction had thoroughly cooled, 15 ﬁl
of absolute methanol was added to decompose the excess
sodium bydride. The mixture was then poured into 150 ml

of ice wabter and was refluxzed for two hours and then cooled
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as before, The solution was then rendered to pH 7-8 with
the use of pH paper by the addition of a saturated solution
of ammonium chloride and then let stand in a cold box
overnight. The mixbture was then refluxe& for en additional
two hours, Afber allowing the mixtures %o cool to room
temperature, the layers were separated and the organic layer:
was extracted three times with 250 ml portions of ether.
All érganic layers were combined and were washed with 300
nl porticns of water ﬁntil the wash was neutral to pH paper.
The ether was removed on a flash evaporabor and the remainder
was distilled under high vacuum. N-bubyl ether distilled
very early then two products distilled at 35=50°C./ 0.30 nm
and then still another at 132-140°¢./ 0.30 mm. The first
fraction was presumed to be two products since that would

it a reversal to known products in the synthesis..
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