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NOTICES

Waen Government drawings, specifications, or other data are used
for any purpose other than in connection with & definitely related
Government Procurement Operation, the United States Government thereby
incurs no responsibility nor any obligation whatsoever; and the fact
that the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or cdrporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto. ’

5360§ies of~ASD-Technical.Mémorandums should not be returned to the

- Aeronautical- Systems Division unless return is required by Security
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FOREWARD

This report was prepared by the Fluid and'Lubricant Materials Branch,
Nonmetallic Materials Division, Air Force Materials laboratory, Aeronautical
Systems Division. The investigation was initiated under Pro ject No. 3084,
"Aerospace Lubricents", Task No. 304405, *Liquid Lubricants®, with
Mr, Carl E. Spyder, V.Tn acting as project engineer. The assistance of Mr,

Mr. Lynn Applegate of the University ot Dayton is gratefully acknowledgedo

This report covers work conducted from 1 August 1962 to 10 May 1963
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ABSTRACT

This report covers work being done en the development of high temper-

ature liquid lubricants for use in advanced aei'oapace applications. The phases

of study include; (1) the selection of additives on a more scientific besis;

and (2) modification of molecular structures of existing fluids by deveiépmental
synthesis. The work on Phase I covered two classes of haterialé. the alkyle
substituted pyrazines, and the aryl-esfers. The work on Phase II was concerned
with the modification of the polyphenyl ethers to improve their low temperatures
properties by attacking various alkyl éroups to the polyphenyl ether system
through an amine linkage. This in an 1hter1m repo.rt. as work is continuing on
these two phases.

This report has been reviewed and is approved.

»
Fluid & Lubricent Materials Branch
Nonmetallic Materials Divisien
AF Materials Laboratory
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I. INTRODUCTIN A} B

The current objective of subtask 3044054, the subtask umder vhich th‘e work
covered in this repert was performed, is to develep high temperature liquid
lubricants f&r use in advanced aerospacevApplicationa. The current objective
of this program is to develep an oxid;tively stable fluid or formulation for
use at bulk oil temperatures of 500° F and above. The objestive is being
pursued in twe Phases, | | (

Phase I. - The selectien ef aedditives on a mere acientif}c basis, incorporates
the use of vapor phase chromatography, liéuid-aolid chromatography, infrared
spectroscepy, and other research techniques to identify the exidative degradatien
products ef base fluids and varicus formulations of the base fluids under
investigation. Upen the comparison of the oxidation preducts of the base fluid
and its formulations with various additives, the effect of the additives on
preventing the oxidatiqn of the fluid-is defermined. After a back-leg of
infermation comcer;;ng,the types of oi{datiop minimized by various additives is obtained,
it is anticipated that the beat additive backage for a new e#perimantal f1luid
cou;d be predicted by studying its chemical structure.

Ehgse II, -~ The current emphasis on phase II, the modification of molecular
structure of existing fluids by developmental synthesis, is en the improvement
of the low temperature properties of the pelyphenyl ethers. An attempt is‘
being made to i{mprove their low temperature properties by attacking various
alkyl groups to the pelyphenyl ether backbene through an emine linkage.

(i.e. @N,\RR' ) It is hoped that the nitrogen atom
beiigiused as the link will sufficiently lower the electren density of the alkyl

groups so that the entire system will be oiidativaly stable at 500° F.
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II. SELECTION OF ADDITIVES

In order te select an additive to inhibit th; oxidativ; d;é?;&ation of a
specific fluid, it is first ﬁecessary to have a beftqr knowledge concerning the
oxidative degradatien products. - The follewing precedure is currently being used
to obtain the needed informatien (§) a sample e¢f an unformmlated fluid is
oxidatively stressed under specific cenditions, with provisions made for
separately collesting a dry-ice oceeled condensate, a waterfcooled condensate
and a residue. (b) These three fractiens are individually further separated
and the compenents thereby obtained characterized and identified by vapor phase
chromatography, infrared spectroscopy, and other research teels and techniques.
(¢) Samples of the unstressed base fluids are then fermulated with various
additives, the formuiations oxidized as in (a), and tﬁe fracsiens thus: collected
separated and identified. Comparisen of the preducts formed by the oxidatien
of the formulatien with these formed in the base fluid, the effect of each
additive can be determined.

Two flulds have been studied up to and including step (b). A disubstituted
alkyl pyrazine fluid, was available only in minute qnqpfﬁﬂﬁ;thereby allowing
enly a preliminary investigation. However, & second fluiag, an aryl ester; is
available in sufficient quantity to carry the study through step {c), and this
work has been recently initiated.

lAlthough the supply gf the alkyl pyrazine, 2-n-hepty1-6-(5-tr1decy1)~pyrazine.
was limited, some impertent infermation was obtained which confirmed predictions
as te the mode of decompesition of this class ef fluids. The fluid was oxidized
at 450° F for 24 hours with an a r flew of 20 1/br, aﬁﬁ three fractions were obtained,
a dry-ice acefone trap condensate, a water cooled condensate, and a residue. Even
though exact identification of oxidative degradatien products was not possible in
all cases, usually enough material was collected to indicate what type of compeund

it was (i.e., aliphatic'ketone.aldehyde. acid, et cetera). From the data obtained,
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the exidative degradation of the alkyl pyrezines seems to proceed through
cleavage of the alkyl groups, leaving the‘ pyraziné ring intact. In the
residue, however, a small amount ef materials whose infrared spectrum resembled
thaﬁ of a phthalate was found, which would indicate :earrangement., if net
oxidative ;ttack, on the pyrezine ring. Ho.wever. the majer of the oxidative
attack seems to be oceurring on the alkyl groups accerding te the folllowing

reactien:

H .

Lo Aliphatic aldehydes
0

eLon Aliphatic ketones

=

n-C-H HoH

H-'C ~ l 'c-é’- -
. ]
A-CHl "o

!
H-c-H
H-c-H

!

H-C-H
H=d-n
H--H
R-d-n
r-c-H
H ; x

If more material would have been available, it would have been interesting

!

to identify all of the aliphatic compeunds fermed, however it was not possible |

- =

’a
+
450°F, XN ' "Aliphatic acids

T N-X
T-0-x
T-r-x
I-A—I
i
&

Hydrocarbons

|

to ebtain this informatien. ;
The werk on the earyl-ester, was more complete because there was a sufficiépt
quantity of the material under investigation, p-(tert-butylphenoxy)-phenyl ;

neoheptoneate, to exidatively stress enough samples fer subsequent separation

'

and ide’ntiﬁcatio; of the oxidative degradatien predusts. Qxly two samples were
‘cblleeted from the exidation of this fluid, a nter-c;oled distilléte. and a rejﬁidhe.
as ne Adry-ice actone cooled condensate vas . obtained. It was found that of the)
water-ceoled distillate, the major ceméonént was necheptapoic acid (72.5%). f‘

However, since the water-ceoled distillate contained shch a _smll quantity of
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mterials b( 3 ml). the residue contained the majority of the decomposition
products. The major compenents of the residue were identiried aa (1) unexidized
starting material, (2) p&tert-butylphenol. (3) p-hydroxyphenylne.heptaneaﬂv
and (h) hydrocarbons, probably alkenes Conly a trace of this component was
collested). |

H ’ -

Since the major oxidative degradation preducts are p-t-butylphenel and

p-hydrexyphenylneoheptanoate. the side of the most vigorous oxidative attack

seems to be the phenexy-phenyl bond, (1.9.

CHy o ("3
‘ .
o ot 2 rsa@w O
! |
Hsc—? 0 CH3
CH3

Whether this reactien preseeds threugh a perexide er a furan ring intermediate
has net yet been established, but sinece oixly compeunds containing -OH groups
were found, and ne sompounds con'taining mene-substituted benzene were detected,

the perexide intermediate seems'tc be favored. These daté seem gonsistent with

the findings that the same additives which are effective in the poelyphenyl ethers,

are effoctive in preventing the exidative degradatien or p-(tert-butylphenoxy)-
phenyl neeheptencate. The effect of this additive on the uidative degradation
products of this fluid will be investigated by preceeding thmugh S‘bep Llof .-
this pbase.:° ) ’
IIXI. MODIFICATION OF MOLECULAR STRUCTURE BY DEVELOPMENTAL SYNTHESIS
Since the pelyphenyl ether olass of fluids exhibit excclleﬁt exidative

stability at 500° F, but pessess peor fluid properties at lew temperatures,

& pregram was initiated to impreve their low temperature preperties without

sacrifioing their high 'temperature exidative stability. This work supplements
centrastual effort deing performed by Monsante Research Corporatien under

contrast AF 33(657)-8893. ' A
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From the work being Aone by Mbnsanfo.ﬁesearcﬁ éorp;ration as well as by

" other similar contracts in which better low temperatufq properties were sought
for various exidatively stable systems by attacking aikyl groups directly te
the e;idltlﬂely stable systems, it has been found that the inherent exidative
1nétib111ty of the alkyl greups so decreases the.oxidative atab;lity of the
whole system that the improved low temperature prqpertiesvwere of little value.
Hewever, it was felt that if the alkyl groups could be connected te the ring
through en electrenegative atem, which would change the elestrenic distributien
throughaut the alkyl groups, perhaps the alkyl greups vould have greater exidative
stability. - Therefere, the starting materials chosen feor this synthetic effort
was m-phenexyphenyl-m~-aminephenylether, and the alkyl groups would be linked to
the polyphenylether system threugh an electronegative nitrogen atom‘ﬁy the

tollowing reaction sequence.

o
%
..C_ \o

“@N HL CRJ '_C o
CH ool

| " M
".® ~ (0705]30}( N 4 N\R
I]: hyd‘m‘Ys;S’ 7 heubvelize / ~ I
. T
o _BX O‘O' ,<G§'

Where R and R' = alkyl groups (e.g. methyl; t-butyl, et cetera)
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Acetylatioen of the atérting paterial preceeded qﬁite nicely, but aikylati.ﬁ
of the acetylated emine has not procoeded nearly as smoethly. At first a small
scale alkylation was attempted with l-n-hexylbromide, and, altheugh the raaction
did occur, it went in such poer yield that it was impessible to calsulate.
Another alkylation was attempted with tert-butyl 1edide end no vacuum distillable
produets were formed. Another precedure is being attempted to iselate and‘
f{dentify the reaction product.

IV, SUMMARY AND CONCLUSINS

A, The results ebtained in Phase I of this pregram, the‘selecfian of
additives on a more seientific basis, indicate that vaper phase shromatography
and/er liquid solid chromategraphy used in con junctien ?ith infrared spectroscopy
and other analytical methods show promise as research toels in the study ef high
temperature oxidative degradatien preducts of fluids fer use as 1iquid lubricants
in advanced aerespace applicatiens. Although sufficieﬁt quantity of the alkyl
pyrazine studied was not available for a more cemplete investigation, the work
was useful in the develepment of the techniques requireé'for»the'p}eéram and
showed that an appreaoch ef this type‘vas feasahle,

B. The work done on the chemical medification of the polyphenylethers
indicates changes that need be made in the pregram. Due to the 41fficulty
encountered in the isélatien end purificatien of the_N-acetyl-n-ﬁlkyl-m-phenoxypheny1-
m-amine phenyl ethers prepared thﬁs far, perhaps a differenfvset of reactions may
simplify end perhaps‘eliminate the problems. The revised reactien sequence is

as fellows:

cdy - % L
& ‘ 1"
Hlﬂ CD. c"&“ o ~ H~ C"‘CH}
7
(1)
& N ® N/R 0
\C\ \' 4
(y{} _L> C - CH3 (2)
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/R Ie) - /R ) . - i e
& N ~c ‘Q“S }tidmlys;s. m‘@ N ~ H » C : ‘
| | A ¢ ))

R

N MR
y'A ~H R X \@ R’
X
L .
OO~ ou©

This reactien sequence will facilitate the purification of the intermsdiate

(4)

amine'end amide reﬁction preducts by permitting the purificatiin of lower melecular
weight compounds which require less str;nuous temperature requireménta for their
purification than the higher mnlecular weight 1ntermediates which are very difficult
to isolate. By the time the malecule is required teo withstand high temperatures in
its iselatien and purificatien. it should be sble te withatand the required conditiens.

Singe results on both phases of the program are encouraging. it is recommended

thet this program be continued.

V. EXPERIMENTAL (30405-A-1)

A, Oxidativa nnzmti :of EL0-62-96__ 2-po! ~6-(5-tridecyl )-pyrezt
A test tube (500 mn X 22 mm), fitted with a take-off adaptor (which is
fltted with a m.dified Dean-Stark trap and a gas inlet tube which extends te
within 4 mm ef the bot tom of the test tube), was charged with 20 ml of ELO-62-96
2-n-heptyl-6-(5-trideeyl)~pyrazine . The test tube was ﬁeated at 450° f fer
24 hours with a flow of 20 1/hr ef air passing threugh the sample. During the

course of the oxidation, some volatile materials were formed and collected in
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the medified Deen-Stark tréii (Sé.xnblel6é966")'. Seme of the ;olatile 'mtérigls
which‘formed vere not collected in the Dez;n-Stark trap, but passed on through
and were collected in a dry ice/acetene trep (Sample 6296B)e The material which
remained in the test tube was collected (Sample 6296D)« |
1. Separatien ef compenents of Sample 6296C by Vaper Phase Chromatography

‘ All ef the vaper phase chromategraphy work done during the time
covered by this report was performed on an F & M Medel 500 Gas Chrematograph,
employing helium as a carrier gas. The column employed for this separation was
al ft X 1/h inéh stainless steel celumn packed with 2.0 weight % Versamid 900

on 60 - 80 mesh Gas-Chrem P. Listed belew are the instrument conditiens employed

for the separation:

Helium Bleed - 25 ml /min.
Helium Flew - 88 ml/min.
. Columm Temperature = progremmed frem 75 to 350° C at 11° C/min.
. Detecter Temperature - 295° €
Injestion Pert :
«.*_ Temperature ' - 295° €
Semple Size | - | 150 ul

A total of 10 cempenents were detected and verse in sufficient quantity for
colle'étioﬁ. The cellection o!' the components was accomplished by connecting

a 12.5 em length of 3 mm glass tubing in a U-shaped configuratien to the exhaust

pert of the detee{:or,by means of a Ne. 500 Beckman Teflon edapter. The U-shaped

tube was cooled by means of a liquid nitrogen path to cendense the fractions.

Each sample was washed out of the collectien tube with chloreform (Matheson,
Coleman, and Bell. mctroquality grade) The 'Chloroform wash® was deﬂosited

on small sedium chloride plates and heated to eveperate the chleoroform. Infrgred \

'spectra of the samples were then recorded. The fractions sellected, their elutien

temperatures. and 1nterpretation of their infrared spesctra are. 1isted in table I.
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Sample | o empgi";:t:: (° ¢) Remarks en Infrared Speetra of Samples
1 151-153 Weak spectrum, but C = 0 band was evident
2 153-156 Insufficient material fer infrared spestrum
3 157-161 | Indicatiens of a ketene and an acid group
4 161-165 Insufficient material for {nfrared spectrum
5 166-170 '
6 172-200 All ef these spectra were ﬁractié‘nlly .
7 200-210 {denticel. In addi tien to the bends present
8 212-219 in semple Ne. 3, bands were alse present at
9 229-240 6.3, 6.5, and 9.8).. These three later bends

: also appear in the pyrazine compound before

10 322-345 oxidatien.

There is evidence of a carboxylic acid end a ketone structure ih all samples
which were recorded in the infrared regimm. Samples VS through 10 also have
bands indicative of the pyrazine structure of the starting material. The first
fractiens may pessibly be carboxylic acids ané ketones of the side chains. The
later fractions ceuld Vposslbly be a earboxylie acid and a ketone eof the original
material with the nitrogen ri;lx intaot. |

2. Separation ef Oomponents of Sample 6296D by Liquid-Solid
Chromatogreiphy ‘

A chromatOgraphy solum (42 X 5.5 em), pakked with silica

gel (50—200 mesh, chromatographio grade) was charged with 6296D (2 .Og) disselved

in € C1; (25 ml). The fractiens collested are 1isted in Teble II.

Ty \
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TABIE II ~ COMPONENTS OF 6294D AS SEPARATED BY LIQUID-SOLID CHROMATOGRAFHY

Fraction - Bluent Volume Appeara‘nco' of solutien
1 ¢ oy, 600 ml Colorless |
2 c c1, | . 600 ml Colorless
3 Benzene ' 250 ml '} Colorless .
L Ben?ane 250 ml Colorless ' .
5 Chloroform 00 ml Colorless
6 chior§form 4,00 ml Colorless
7 Chloroform | 400 m} Light Yellow
8 Chloroform I 300 ml Iight Yellow
o | | ok | et
10 5% Chloroform ' 1,00 ml Yeollow

50% Ethyl Acetate

li .50% Chloroform

50% Ethyl Acetate 400 ml Yellow
50% Chloroform | '
12 50% Bthyl Acetate 400 ml Yellow
25% Chloroform ’
13 75% Ethyl Acetate 500 m1 Yellow
14 Methyl Alsobdl %50 m Yollow
15 Methyl Afeokad=’ | 750 ml Yellow

‘i‘i;e rra_ctions Qere evaporated to dryness, and then dissolw_(edr in a
minimum amount of apéctroquality solvent. Altho—ugh a very small san;ple was
present in most cases, fa;rly good infrared spectra were obtained after evaporating
the solvent and depositing the sample on small sodium ehloride plates. .Most of the
samples-{vere contamineted with the silicone grease used to seal the glass joints
of the chromatographic ecolum. Althowgh spesific sompounds could not be asceftained,

the information which gained from the infrared spectra is tabulated in Teble III,
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TABIE IIT - Data Obtained from Infrared Spectra of ¥ractions of 6293D_es Obtained
by ligujd-Solid Chromstogrephy .- - .. . = ... .

Fraction ’ Remarks

1 This épectrum resembled'ébec_tra of hydroéarbons.
Silicone grease was evident from the spectrum (contamination)e.

2 This spectrum was similar 'to No. 1 with a slight eamount of
sarbonyl present.

3 A garbonyl. possibly a carboxyl group, was evident with
silicone grease contaminatione

4 This spectrum had a strong carhohyl and other absorption
bands indicative of a phthalate.

5,7:8,9&13 . - All of these spectra were practically identical to spectrum
of fraction 4. Silicone grease was evident in all of these
spectra, as a conteminant.

6&15 Strong evidence for a carboxylate iom.
10,11&12 The spectra were simllar to the spectrum of the: starting
material 2=heptyl-6-(5 tridecyl) -pyrezine. A carbonyl
=~ was present in all three samples, also.

¥ This spectrum gave evidence for a earbonyl, a carboxylate ion,
‘and silicone grease acontamination.

Tﬁé;:x;schanism by which a phthalaté qould be formed from the oxidation
of the starting métarial can not be readily explained. Another sample of the
starting material (EL0-62-96) should have been oxidized to determine the
validity of the identification, but the supply of the material was exhgustéd.
3. Attempted Separation of Components of Sample 6296f§
’I‘hege was only enough sample for one run and the iﬁain component’ (80%3)

of this mixture was water.
B. Oxidative Degradation of EL0-62-93 p-(t=butyl phenoxy)-phedyl neoheptanote
A test tube (500 mm X 22 mm), fitted with a take-off adapter (which 1_8 §
fitted with & mofu‘tf':ed Dean-Stark trap end a gas inlet tube which extends to withine
4 mm of the bottom of the test tube), was charged with 20 ml of EL0-62-93

p-(t-butyl phenoxy)-phenyl neoheptencate . The test tube was heated at 450° F
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for 48 hours with a flow of 20 lyhr of air pashing through the‘bampléii Buring
the course of the oxidation, some volatile materials were formad and collected
1n the modified Uban-Stark trep (Semple 6293C). No materials were collected
in a dry ice/acetone trap which was connected to the outlet of{éhé Dean-Stark
trap. The material that remained in the test tube waa.rinsed from the test tube
with carbon tetrashloride (Sample 6293D).
1. Separation of Components of Sample 6293C by Vapor Phase Chromatography.

A 2 foot X 1/4 inch ateinless steel column packed with 2.0 wt % silicone
gum rubber on 60 - 80 mesh Chromasorb P. Listed below are the instrument conditions
employed for the separation:

Holium Bleed: 25 ml/min

Helium Flow: 45 ml/min

Colum Temperature: Programmed from 50 to 400° C at 7.9° C/min

Detector Temperature: 405° C .

Injestion Part Temperature: 350° G

Sample Sizes 100 ul
A total of 10 components were detected, but onl& two (2)‘wafé of sufficient
quentity to collect and 1dentify. The components deteqtéd} their elution
temperatures, and their‘rélafive‘peroentage of the sample are tabuléted in

Table Ivo
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Component Elution Temperature (° C) | Relative % F¥olume
1 50 . e 0.45
2 " 50=53 0.17
3 sk, 376
4 65-76 12.23 .
5 82-88 0.11
6 : 90~117 ' 72.53 -
7 118126 | ‘6 .80 ) .
8 168-177 | 0wz
9 - 217-226 ‘ 0.89
10 254-265 ' 1.52

Only fractions 6 and 7 were collected in sufficient quantity fqr infrared
spectia. The samples were washed out ‘of the solleation tdbe with speectroquality
echloroform, transferfed to sodium chloride plates, the ehloroform evaporated,
~and the infrared spectra recordedL Fraction 6. accounting for 72.53% of the
sample, wes identified as neoheptancic acid. Frgctionpz_ygs.identifieb as
p-t-butyl-phenol. . L _
2. Separation of &omponents of Sample 6293D by quﬁid-salid Chromatography
‘ A chromatography columa (42 X 5.5 qﬁ). packed with activated alumina
(20-200 mesh, chromatograbhic grade) was charged with 5.0 ml of the solution with
62930 in carbon tetrachloride. The fractions collested, and their respeotiie
eluents are listed in Table V, ‘ o “
Infrared spectré were taken of the varicus fractions by evaporating tgg
eluent, dissolving the resulting residue in speetroqualiiy chloroform, and runhfng
the residue dissolved in chloroform versus pure speotroquality chloroform in

matehed 0+50 mm sofium chloride sealed ¢ellse Fractions 1 through 8 were identified
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TABIE V

Fraction - Bluent : Volume (m1)
1 | 5% ¢ Glh iﬁ ligroine 300 |
2 0% C Olh in ligroine 300
3 10% € €1, in ligroine 300
4 15% ¢ €1, in 11 grogne 300
. 5 35%Z C c1h in ligroine 300
T 6 4O% C €1 1n grotne 300
) 7 4o% € clh in ligroine 300
8 C oy, , 500
9 C C1, 300
10 HCCly 500
11 HC 0;3 500
12 HGC 013 _ ’300
13 HC Cly ; 400
14 50% Ethyl Acetate in H C o3 | 500
15 Eéhyl Acetate | 400
16 | Bthyl Acetate 300
17 | Ethyl Acetate | 300
18 Efbyl Acetate 300
19 Ethyl Acetate 300
20 20% Methanol in Ethyl Acetate| 300
21 20% Methanol in Ethyl Acetafe 300
22 20% Methanol in\Ethyl Acetate| 300

as hydrocarbons, and even‘though specific identification of each ecompound was not
possible, their infrared speotra indicate that they are alkengs. with only minor
differences in chemical structure. The next two (2) fractions were identified as

unoxidized starting material (EL0O-62-93). The next fraction (No. 16) wAieh contained
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enough material for 1dent1fioation yielded potex;t-butylphenol. I"raction 18 thru 20
contatned p-hydroxyphnylbenzoato. Fractions 21 and 22 contained sodium acetate.

At the present time, the origin of the sodium is not known. but 13 being investigated.
Frastions not accounted for in the identification ether were composed of mixtures of

the identified products or did not contain sufficient sample for identification.

-

VI. EXPERIMENTAL (304,05-4~2) _
A. Reaction of m-pﬁenoiyphenyl-m-amiho-phenylether with Acetic Anhydride
| 4 250 ml three necked round bottom flask fitted' with a Tpubore stirrer, .
Liebig condenser, and a 60‘m1 addition funnel with a pressure equilizing arm
fitted with a gas inlet tube, was charged with m-phenoxyphenyl-m-amino phenylether
(20.0g, 0.072 mole) dissolved in glacial acetic acid (40 ml1). The 60 m! additiom
funnel was charged with acetic anhydride (8 ml, 0.084 mole) in glacial acetic
acid (20 ml ). The apparatus was flushed with dry nitrogen and a positive nitrogen
‘pressure was maintained during the sourse of the reaction through the use of a
mercury bubbler eonnected to the eondenser. The acetic anhydride solution was
added> drobwise, with stirring, to the reaction vessel. The reaction mixture
was then heated gnd refluxed for 2-1/2 hours, cooled, anc_l then poured into ice
water. Tarry brown méterial which formed was recrystallized from ethanél-water,
ylelding vhite crystals (16.75g, 79X yield, mepe 69.5 - 70.5° C). The‘materi'al
was submitted for analysis:
Ceculated: G: 75.47%; Hr 5.03%; O: 15.09; Nt 440
Found: C: 75.43%; H: 5.49%; 02 15493 Nt o445
B. Reaction of N-Acetyl-m-phenoxyphenyl-m—amino—phenylether with l-bromohexane
Prior to assembling, the apparatus, ° . was baked dry overnight. A 100 ml
three necked round bottom flask, fitted with a Tru-bore stirrer. a reflux condenser.
and a Claissen adapter to which two 60 ml addition funnels were fitted (one fitted
with a gas inlet tube), was charged with NaH (0.3, 0.01 mole, in 25% mineral 0il)

in 35 ml of xylene after the apparatus had been purged with dry nitrogen. 4 dry: |
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nitrogen atmosphere was méintained duﬂng the c;)qfsé of ihe reaction. One addition
funnel was charged wvith N-acetyl-m-phenoxyphenyl-m-cmin'o-phenylether (3+2g, 0.01 mole)
in 25 ml of xylene. The other addition fumnel vﬁé charged with l-bromohexane

(1.4 mi, 1.64g, 0.01 mole) in 15 ml of xylen.e'. The N-aeétyl-maphenoxyphenyl-

m-amino phenylether solution was added to the NeH slurry dropwise Qith stifring.

The reaction mixture was then heated to reflux with stirring for two hours. During
the course of the refluxing, the appearance ot: the reasction pixture ehanged from

a milky gray to a clear yellow solution. At the completion of two hours of refluxing,
the l-bromohexane solution was added dropwise, with stirring to the reaction flask.
After the dropwise Addition of the l-bromohexane solutiqn Qaa cbmp.‘u_.eted. the reaction ‘
mixture was heated and refluxed for 1/2 hour, during which time the appearance of

the reaotioq changed from a clear yellow to a milky-white solution. The reéction

mixture was cooled to room temperature and.filtered. The white solid which was

" oollected gave a positive halogen test when tested with Ag N03 solution. The

filtrate was washed twice with water and the xylene was evaporated, yivelding a
white oil.. The material failed to erystallize from ethanol-waser, so it was
vacuum distilled at a.bath temperaturé of 320° C. 4 small quantity of a colorless
1iquid (b.pe. 208‘_’ €/0.085 mm Hg) was collected 'and,ar; 1ﬁfrared spectrum of this
materials indicated that the reaction hg@,ﬁeld@ a trace of N—n-hexyl-N-écetyl-
m-phenoxyphenyl-m-amino~phenylether. No other materials were isolateble from tl_le'
tar which bad formed during the vacuum dis“t'ﬁl”kti— on. Perhaps the use of nitrogen
through the capillary bleed during the vac\gu;u ‘distinat‘l on would result in less
tar formation. A

C. Reastion of N-acetyl-m-phenox&phenyl-xg—amino-p_henylefher with t-butyl Iodide

Prior to assembling_. the apparatus was baked dry overniéht. A 500 ml three

neekeé round bottom flask, fitted a Tru-bore stirrer, reflux condenser, and Gla;ssen
adapter to which two 100 ml addition f\inriels (one was t"itted with a gas inlet tube)

were fitted, was oharged with NeH (1.5g, 0.05 mole, in 25% mineral oil) in 100 ml xylene
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nftar the apparatus had been purged with dry nitrogan. A dry nitrogen atmos;:hm

was maintained during the course of the reastion. One addition funnel was charged

with N-acetyl-m-phenoxyphenyl-m-aminophenylether (16 .Dg. .05 mole) in 90 ml Mylenee ..

The N-aoetyl-m-phenoxyphenylom-aminophanylether solution ‘was added to the NeH slurry
dropwise with stirring. The reaction mixture was then haated to reflux with atirring
for two hours. During the course of the refluxing, the appearance of the reaction
changed from a milky gray to a clear yellow solution. "I‘hen the t-bufyl iodide
solution was added dropwise with atirring tt; the reastion flaske. After approximately
15 ml of the t-butyl iodide solution was added, fine white solids began to form.

" After the dropwise addition of the t—butyl. iodide solntiqn was completed, the
reaction mixture was heated at;‘reflnx for 1/2 hour, the end of which time the
reaction mixture changed from a clear yellow to a milky-vhite appearance. The
re;ction mixture was eooled to0 room temperature and i ltered. An attempt was

made %o vacuum distill the filtrate, but after the xylenme was stripped off, the

bath temperature was raised to 370 C, and at a vacuum of O.4 mm Hg, but no product
wes obtainod. The reaction product {3 currently being worked wp :ln a different

¥

manner, 1n an attempt to {solate the desired produete
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