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ABSTRACT

" It was the purpose of this investigation to synthe-
- slze Z,2-di~methy1~1-péntano1, an alcohol which had not
"been previously prepared or characterized, to determine
its physical constants, characterize it by the prepara~
tion of several common derivatives, and to determine
quantitatively and qualitatively the rearranged products
obtained upon dehydration,

The syithesis was accomplished by the following
series of reactions: n-propyl mﬁgnuim bronide was
prepared and treated with acetone, giving, on hydrolysis,
2-methyl-2-pentanol. This compound, after purification,
was converted to 2-chloro-2-methyl pentane, by the action
of cold concentrated hydrochloric acid. The Grignard re-
agent of lz-chlom«-z«cthyl pentane was prepared, @d
treated with carbon dioxide, giving, on hydrolysis, 2,2-di~
methyl pentanoic acid, which was identified by boiling
point, and preparation of the amide, 'thc acid was converted
to 2,2~dimethy1~l~.peatanol by reduction with lithium aluminum
hydride. The alcohol thus obtained was shown to have better
than 99 mole % purity by gas-liquid pdrtition*chrmatography‘.



Eight dexivatives were prepared,

| The rcarfangement and dehydration of 2,2-dimethyl«l«
| pentanol was accom@linheﬂ by heating the alcohol with 8%
by weight of concentrated sulfuric acid at its boiling
point. The determination of the unsaturated rearranged
products was accomplished by ozonization of the double
yond, and reductive cleavage of the ozonides with lithium
aluminum hydride to givd a mixture of alcohols. These
.tlcoholt were identified and determined quantitatively by
gas-liquid partition ¢hrobatography*

All five of the theoretically possible rearranged
products wers identified,
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PART I
INTRODUCTION
AXD
STATEMENT OF THE FROBLEM
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It was the purpose of this investigation to synthesize
and characterize by the preparation of several common derive
atinq, 2,2-dimethylel=pentenol, an alcohol which had not
| p:eviously been prepar@d. Its synthesis in this laboratory,
by the treatment of the Grignar& reagent of 2-chloro«2-methyl
pentane with formaldehyde, had previously given an fmpure
product, hence, & different method of synthesis gppeared de-
sirable. It seemed that carbonation of the Grignard reagent,
to give 2,2-d1mthy1w1~pegtmie acid, followed by reduction
of the acid to the alcohol, would give a product of greater
purity. |

Examination Mf the structure of 2,2«dimethyl«l-pentanol
reveals that there are no hydrogens on the carbon adjacent
to the cnzcn group, hence, if this alcohol is dehydrated,
it must first rearrange, Considerable work on the dehydrae
tion and rearrangement of alcohols has been done by Whitmore
{1), who proposed the following mechanisms for such dehydra-
tions: The first step in the process is the losa of the OH
with its electrons, leaving & primary carbonium fon. The
second step 1is the migration of & group on an ndjacent car=
bon to the ppsition of the primary carbonium ion, forming a
tertliary carbonium fon on the adjacent carbon,



This tertiary carbonium ion may now lose a proton from a
carbon adjacent to the carboniua ion to form en olefin,
This type of proton eliminstion is said to £011§w an El

| mechanism, thet is, a unimolecular elimination,

Whitmore (2) studied the dehydration of 2,2+diwethyle
l-hexanol, and found four of the five possible rearranged
olefing to be formed, The technique of dehydration used
by him appeared to be adequate, but the method of analysis
of the unsaturated products left much to be desired, .
Briefly, after dehydration the unsaturated components were
isolated by fractional distillation, this was followed by
ozonization, sand acld cleavege of the ozonides to give a
mixture of aldehydes and ketones, These were separated by
£ractional distillation and {dentified by derivatives. A
better approach, not availsble to Whitmore, appeared to be
the use of gas«liquid chromatography to identify the une
saturated products. Since neither authentic samples of
each of the aenticipated olefins, nor chromatographic cols
wims which would resolve such a mixture were available, it
was decided to ozonize the olefins, and ¢cleave the ozonides



3
with lithiuws aluminum hydride to give & wixture of alcohols
(3)« Authentic samples of all the possible alcohols were
commercially available, and all could be easily separated
and identified by gas-liquid chromatography. . Further,.since
| only & few milligrems of semple are necessary for analysis
| by gas-liquid partition, the entire procedure ghould require
only & few grams of the originsl slcohol. This approach
avoids the losses and uncertainties which would accompany
fractional distillation of a mixture of aldehydes and ketones,
and provided that the products were chromatographed on diffe
erent columns at different temperatures, would identify the
products, u well as giving the mole % composition of the
mixture {4).
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PREPARATION OF 2<METHYLe2+PENTANOL

CH3

. | o "
CHs—cth—Cr—-Br+ Ms ¢t Cﬁs*é-éﬂ; LoH s C py- Cth-cthm ?; cty

In a 3 liter 3 neck flask fitted with a reflu
| condenger, & separatory funnel, and & mercury seal stirrer,
vwn placed 73 grams (3.1 moles) of magnesium turnings.
Sufficlent dry ether was added to cover the magnesium
turnings and 1 wl. of lebromopropane was added, without
stirring. The flask was warmed to initiate the reactiou;

~ After the reaction had commenced 1 liter of dry ether
vas added and the solution was stirred vigorously, Theee
hundred sixty nine grams { 3 moles) of l-bromopropane in

500 ml, of dry ether was added drop-wise during a period of

3 hours. The mixture was refluxed 24 hours to assure come
pletion of the reaction. The reaction mixture was cooled

to «10%, and 200 grams (3.5 moles) of dry acetone in 300 ml.
of dry ether was added drop-wise with stirring over a period
of 2 hours. The reaction mixture was allowed to warm to room
temperature and finally refluxed for 30 minutes, The mixture
was then cooled to 0° and 450 ml. of saturated smmonium
chloride solution was added drop-wise with yigorous stirring.



Upon completion 0f the addition the ethex layer was
decanted and the xesidu§ washed twice with 200 ml, portions
of ether. The combined ether extracts were filtered and
evaporated to 300 ml, and transferred to & 1 liter round
- bottom flask and distilled through & 66 plate columm, The
material boiling from 119% « 122° smounted to 240 grems
(1.35 woles) ox 78% of theoretical based cm l-bromopropane.



PREPARATION OF 2=CHLOROw2+METHYL PENTANE
K C¥s ‘ . c;ﬂs
‘C/’J-—Cl/z—C//z—C"——C//3 ——"-/—C-“—-? C/r’s—'C//z-cA—cl:-—C/lg
¥-74 : Co : Cu

Eighty grems (.79 moles) of Z-methyl-2«pentanol was
placed 1in & 500 ml. separatory funnel, One hundred ninéty
four ml. (2,35 moles) of concentrated hydrochloric acid was
added gnd the mixture agitated occasionaglly over & pexiod
of 30 minutes. Sufficient technicel grade caleium chloride
- was edded to nearly saturate the iquaom layer, which was
then discarded. The organic layex was washed with 5%
;Mim bicarbonate solution and with saturated sodium
chloride solution.

This procedure was repeated twice, and the three halide
fractions were combined and dried over enhydrous calcium
chloride for 24 hours. The halide was filtexed into a 250
ml. voudebottom flask, and treated with 50 grams of phos-
phorous pentoxide and distilled through a short Vigreaux cole
um, The frection boiling between 110-112° was collected.
1t smounted to 183 grams (1.53 moles) or 64.8% of theoreticsl.



FREPARATION OF 2,2-DIMETHYL PENTANOIC ACID

[N ‘ .. CHy
' [
CHs—C tr —C/A—c"r-cl. tMet COL L2Y oy CHs-Cth—cth —?-—c_‘\‘:”
o Ciy . B c#h

Forty grama (1.65 moles) of magnesium turnings was .
placed in a 2 liter 3 neck flask fitted with & reflux

| condensex, separatory fumnel and mercury-seal stirver.
Sufficient dry ether was added to cover the magnesium,
followed by 1 mls of dry ethyl bromide.  The flask was
warmed without stirring, to initiate the resction,

Five hundred mls of dry ether was added end vigorous stirring
was started.

One hundred eighty greams (1.5 moles) of 2«chloxo~2e
methyl pentane in 500 ml. of dry ether was added over a
pertod of 5 hours. The mixture was refluxed for an additione
al 16 hours and the flask cooled to -10° with {ce and salt,

An excess of carbon dioxide, obtained from dry ice and
dried by passage through a calcium chloride drying tower,
was passed into the flask with vigorous stirring. The react
fon mixture was allowed to stand 16 hours at which time it
was heated to reflux for 30 minutes. After cooling with ice,
the reaction wmixture was hydrolysad with an excess of 10%

sulfurie acid,



The productn' were washed into & 3 liter separatory
funnel and the ether layer removed. The aqueous layer
wvas extracted twice with ether and finally discarded,

The combined ether extracts were washed with satuxated

| sodius chloride solution and extracted with 1 liter of

3 nolar potassium hydmxidt divided into 4 portions,

_’rhe combined alkaline extracts were fi.lt:erea, acidified
with excess sulfuric scid and axt::agﬁed 3 times with 200
wl, portions of e;:he:,?._ ~ The slkaline uxﬁrqction procedure,
acidification, and extraction with aﬂmt ﬁus repeated in
order to isolate positively only ascidic nat@i&l.

A greater portion of the ether was removed by
evaporation and the residue dried overnight with anhydrous
caleium sulfate, The dried material was filtered into a
250 ml, round-bottom flask and am;mm through a 60
plate column. Meterial boiling between 202+204° was collects
ed, it mwounted to 52 grams (.4 moles) or 26,7% of the theo-
retiecal, ‘ |

The amide was prepared, and gave the following:

Melting Point: 98,5-99% (corr.)

The literature gives melting point: 100°



PREPARATION OF 2,2-DIMETHYL~1~PERTAROL

& CHy
ol N :
c ,/_,_c,/,_c,/,_? - c::” __'__£_£_+ CHs- Cth-cth- C- Cth-0H
CHy cHy

Seventeen gramns (.45 moles) of lithium aluminum hydride
.. wvas weighed into a 2 liter round-bottom flask and covered
with 500 ml, of dry ether, A magnetic stirring bar was
introduced and & Claisen head, fitted with & reflux condene~
ser sand separatery fummel, was attached to the flask, The
mixture was stirred until & smooth slurry was formed,

Fifty two grams (..'h moles) of 2,2-dimethjl pentanoic
acid dissolved in 500 wml, of dry ether was placed in the
separatory funnel, The ethereal solution of acid was added
dropswise with stirring to the slurry of lithiuws aluminum
hydride. The rate of addition was regulated to matntain
continous reflux of ether. Upon completion of the addition
the reaction mixture was refluxed for 3 hours, and the
excess lithium aluminue hydride was destroyed by the ade
dition of water saturated ether, '

The flask was cooled, and 500 ml, of 1072 sulfuric acid
was added and the mixture transferred to a 3 liter separe
story fumnel., After shaking, the aqueous leyer was drewn off
and discarded and the ether layer was filtered,
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The ethexr layer was then washed twice with 51 sodiunm hyde
roxide, twice with ssturasted sodium chloxide solution end
filtered through anhydrous sodium sulfate. A majority of
the ether was removed by evaporation, and the residue dried
over anhydrous calcium sulfste. The ethereal solution was
£1ltered into & 100 ml, round-bottow flask snd fractionated
through a 60 plate column with a reflux ratio of 10:1.

After the gthgr had él._sgillag!. the boiling point rose
to 153° with the distillation of enly 12 ml, of liquid,
Two ml. boiling from 153,5 to 154° was collected, The
remainder of the material distilled over et 154° with no
observable bolling range. | |

This material amounted to 28 grams (.24 woles), or
60% of theoretical.

Analysis for Carboni

Calculated: 72.33%
Founds 72 ..44%

.miym foxr Hydrogent

Calculated; 13,88%
Found; 14,14%



PHYSICAL COMSTANTS OF 2,2+DIMETHYL~l~PERTANOL

Boiling Point: 1549 (760 mm.)
Refractive Index: N:" 1.,4223
Specific Gravity: nﬁg 8244

30 8229

11
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PREPARATION OF THE 1-NITRO~ANTHROQUINONE-

2+CARBOXYLATE OF 2,2+DIMETHYLe1-PENTANOL

0 W0,

NAY-e ewy P
- C,
l \C‘._'_ CHy-Ct-C th- é-cl’rﬂf/-—-} ‘o-Ctr~ 'C-CI/:.°C""¢"/3
7 , cHy

. ¢t o
0 Seven hundred mg, (2 mm. plus 1(;2 excess) of lenitroe
| anthroquinone~2+-carbonyl chloride was placed {n a 15 wl,
centrifuge tube, Three tenths ml, (2 mm,) of 2,2«dimethyle
l-pentanol was added followed by 10 ml. of dry pyridine
(freshly distilled from sodium hydroxide pellets). The
tube was heated on the steam bath for & hours and poured
into 100 ml, of ether, The ether layer vas extracted 4 times
with 25 ml, portions of 10% hydrochlorie acid, 3 times with
10% sodiun carbonate, and twice with saturated sodium chlore
ide solution, The ether layer was filtered through anhydrous
sodium sulfate and evsporated to dryness, A dark residual
oll,; smelling of the uxiginal}ulcchal, rmﬁined. ‘:’hil vas
cooled to «20% and the walls of the flask seratched, No;
eryatals were fdmudpn standing for 3 days.

The oil was dissolved in hot pacrélm ether and cooled
to «20° , Only mrpw material was obtained,

The sbove procedure was repeated, except that the acid
chloride and alcohol were dissolved in 40 ml, of dry ether
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and 5 ml, of pyridine,  After standing &t room temperxature
for 48 hours the products were worked up in the above manner,

Agein, a residual oil was obtained., This oil was put
_under high vacum (10 microns) for 24 hours, AC the end of
this time only a small quantity of smorphous brown material
remained, which could not be recrystallized,

Three variations of the above procedures were ‘uttanpted,
varying both time and temperature of reaction, but no
crystalline product was mxum at any time,
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PREPARATION OF 3-5-DINITRO BENZOATE OF
2,2+DIMETHYL~1+~PENTANOL

L. o e ‘ 0 CH
Ne c ‘ 3 : NO, 4 1
* Nl CHy-cHy -cm—'c' —C th-otH — K o-caa- £ CHi-Char-ChHls
CHy L CHy

. ' : o1
| mnva hundred mg, ( 2 m» plus lgz excess) of 3-Sedie.
nitre benzoyl chloride end 0,3 wl, ( 2 mm,) of 2,2-d1~
methyl+lepentenol were placed in & eentrifuge tube and 5 ml,
of dry pyridine added, - |

~,The tube was heated on the steam bath 18 hours and
poured into 50 ml, of ather.ﬂ The ether layer was washed 4
timeg with 107 hydrochlorie acid, 3 times with 5% sodium
hydroxide, twice with saturated sodium chloride solution,
filtered through sodium sulfate snd evaporated to

dryness.
' The residual oil thus obtained was dissolved in 3 ml,
of ethanol, heated on the steam bath, and water added drope
wise until the solution was cloudy, 7%he aolﬁtion was cleared
with a few drops of ethanol and gllowed to cool.

The product crystallized in the form of light tan needles,
After 4 reerystallizetions from ethanol and water, white
erystals were obtained, and after drying in vacuo over phose
phorous pentoxide the erystals gave the following:



Melting Point: 49+50° (corr.)

Analysis for Carboni

Calculated; 54.19%
 Foundy 53,947

Analysis for Hydrogeni

Caloulated;  5.85%
Founds 6&48; ]

13
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PREPARATION OF PARA-NITRO BENZOATE
OF 2,2<DIMETHYL~1+PENTANOL

I
' Qe + e cm-cz/..-c-cm-w/ — \o-c#;- &—c&-cllwc//_;
. C"J
03

| Four hsmdrad m ﬁg. (2 s, plua 107. excau) of
| w'pu'r&*u:lm benmyl ahlartdc end 0.3ml, (2 m.) of 2,
| z-m«:hym-»pmmz vere plmd ina eentrifnga tube
md S ul; of dxy pyridim nddcd. ,

The tube was butad on a steam bath for 4 hours and
pbm:ed into 50 ml; bﬁ ether, The ether layer was washed
4 times with 10% hydrochloric acid, 3 times with 5% sodium
hydroxide, twice with satursted sodium chloride solution,
filtered through enhydrous sodium sulfate and evaporated
to dryness. | |

The residual oil thus obtained was dissolved in 3 nl,
of ethanol, heated on the steam bath, and water added drope
wise until the solution was eloudy, The solution was cleared
with a few drops of ethanol end allowed to ecol,

The product crystunind in the form of white needles.
After four recrystallizations from ethanol and water the

crystals were dried in v&éo over phosphorous pentoxide and
gave the following:
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Melting Point: 65+65,5° (corr,)

Annlyuia for chboni

" Calculateds 63,382
. Founds ' 62»97‘1

Analysis for Hydrogen:

Calculateds 74223
Founds 74362
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PREPARATION OF PHENYL URETHANE OF

Z,Z*DIHETHYL‘1~?EKTANOL
I=C=0 C/’! N— ‘0”3
U 46”3’5#;*&/’;"C—CI/;-0H — g \0~ c#z—lc-c//.-cal‘-cﬂa
cuy

Two hundred sixty-five mg., ( 2 mm. plus 10% excess) .
of phenyl isocyenate and 0.3 ml, ( 2 mm,) of 2,2~dimethyl~
l-pentanol were placed in a 15 ml, centrifuge tube and
heated on the steam bath for 4 hours. The reaction mixe
ture was extracted with 5 ml, of hot petroleum ether,
filtered, and cooled. Only a residual oil which would
not crystallize was formed,

The sbove procedure was repeated using 5 ml. of
petroleum ether as a aolvént: for the reaction, Again,
no erxystalline material was obtained,

The procedure was repeated a third time, using 5 ml.
of petroleun ether as a solvent and 0.1 grams of fused
sodium acetate as a catalyst. Again, only a residual oil
was obtained, '

The xesidual oils from the above procedures ,““
combined and chromatographed on 13 grems of silicic acid,
previously activated by acetone-ether pre-wash. The fraction

elutable with petroleus ether was dissolved ﬁa 5 nl. of



19
isopentane and nlloﬁad to stand at ~20°, A crystalline
product was obtained which mélted before it could 'be
f£iltered by suction,
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PREPARATION OF ALPHA-NAPTRYL URETHANE OF
2,z~nnmm.~1~rmmx.

N=cao N— C‘o cl;

0—9”, —Cp=Chh-C
+cﬂ3-<://.-cm-é-c//.—oﬁ—> ? vedh-cs
[] C’J
CH3

| Three hundred seventy-six mg. ( 2 mm, plus 10% excess)
of alpha-napthyl 1socyanate and 0,3 ml, ( 2 mm.) of 2,2-d4~

methylel-pentanol were placed 1n a8 15 ml. centrifuge tube,
After heating on the steam bath for 4 hours the reaction
mixture was extracted with 5 ml, of hot petroleum ether,

- Upon evaporation of the petroleum ether, only a residual
oil was obtained,

The above procedure was repeated using 5 ml, of dry
petroleum ether as & solvent, Again, only a residual oil
was obtained.

The procedure was repeated g third time using 5 ml,
of petroleum ether as a solvent and 0,1 gram of fused
sodium acetate as a catalyst., Again, only a residual oll
was obtained, _

This xesidual oil was dissolved in isopentane and
allowed to stand at =20, After 3 days, a few large
crystals were obtained which were removed by f£iltration.
The crystals prcpentad & brownish appearance which proved
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to be an oily eaat;ng¢ When the c¢rystals were crushed, the
interior sppeared much lighter in color. These crystals,
after drying, gave the following:
| Malting Point: 435.5-46.5° (corz,)

A sample of these crystals was set aside for seed and
the residual oils from the previous reactions were combined
and chromatographed on 15 grams of silicic acid, previously
activated by acetone-ether pre~wash, The fraction elutable
with petroleum ether was colorless, giving, upon evaporation,
a c¢lear residual oil.

This oil cxystallized readily fram isopentane at ~20°
vhen seeded, giving clear white crystals.

These crystels were filtered off with suction and
after drying overnight in vacuo over phosphorous pentoxide,
gave the following:

Melting Point: 47.47,5% (corr.)
Analysis for Carbon:

Calculated: 74.60%
Found: 74.67%

Analysis for Hydrogen:

Calculated: 8.84%
Found; 8.63%
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PREPARATION OF PARA-NITRO PHENYL URETHANE
. OF 2,2-DIMETHYLe1-PENTANOL

»
y 0 (X
l N=c=o o c ANy V-CY i v
+ CHy~-Cthr-Cir~CmccHy~ON —> ' 0= CHr- ?"C”:-C i~CH3
, - . &
02 ' chy - "o, 3

Three hundred sixty-five mg. { 2 mm, plus 10% excess)
of para~nitro phenyl isocysnate and 0.3 ml. ( 2 mm,) of
2,2~d1methy1-1*pehtnnol were placed in a 13 ml, centrifuge
tube and heated on the steam bath for 4 hours. The reaction
nixture was extracted with 3 ml. of hot petroleum ether,
after flltering and evaporation of the solvent, gave a heavy
yellow oil which could not be crystallized,

The above procedure was repeated using 3 ml, of petrol-
eun ether as a solvent for the reaction., The insoluble
material was removed by filtration and the petroleum ether
solution allowed to stand at -20°, After 2 days, crystalline
material, faintly yellow in colox, was obtained.

After four recrystallizations from ethanol and water
end drying in vacuo over phosphorous pentoxide, white crystal-
l1ine material was obtained, which gave the following:

Melting Point: 53° (corr., no range observable).
Analysin for Carbon: |

Calculated: 59.98%
Found; 89.64%



Analysis for Hydrogens

‘Calculatedz 7.58%
Found; 7.19%

23
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PREPARATION OF HYDROGEN-3-NITRO PHTHALATE
OF 2,2-DIMETHYL~1~PENTANOL

c

(]
0 CH » ol )
7yl (A3 X S o-Ct ¢ -
‘ ,\o + Cﬂ;-él/:—cﬂz—:c-cﬂa.-ﬂﬂa ' °0 A c'c” Ch~cr-CH3
S ‘\\o Cc#, ~ C:o” 1

NO, oL
Four hundred thirty mg. ( 2 mm. plus 10% excess) of 3-

nitro phthalic anhydride and 0.3 wl. ¢ 2 mm.) of 2,2-die
mthylaznpehtml were placed in a 13 ml, centrifuge
tube and heated on the steam bath for 4 hours,

The mixture was poured inte 23 ml, of bolling water.
Mter,ﬂtil‘tgring and cooling no crystalline product was
obtained. |

The water was extracted three times with ether and the
ether layer evaporated to dryness. A residual oil was ob~
tained, which was chromatographed on 13 grams of siliclc
acld sctivated by acetone-ether pre-wash, The benzene
elutable material was evaporated to dryness, giving a clear
o1l which could mot be erystallized,

The above procedure was vepeated using 2 ml, of
mhydroud"pytidinu as a solvent for the reaction. After
the heating period, the reaction mixture was poured into
ether and the ether layer was extracted 3 times with 10%
hydrochloxic acid, washed with saturated sodium chloride
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solution, filtered through snhydrous sodium sulfate, and
evaporated to dryness,

A residual oil was obtained which crystallized from 1
| ‘ml.. of pentane., | | |
._ m crysulli.m mtarm was mcrysuuized 4 times
| by diuolvinz in 2 nl. ot a:hanel at room twparatuu and
adding water to :urbuuy, Upon ecoling to -zo" and
scratching the aiﬂea of the vessel, whit:a crystals sppeared.
Aftex' iiltmﬁ.on tht crystals wers dtied in vacuo over
phoaphoxoua pmtoxidu and gave the fouw:lng:
‘mmng Point: 128-.132‘* ' |

In view of t.he meltina paint range, u was decided

!:!uw cdditimal purification was necessary.

| Half of the product was chrmatoxnphad on 13 grams
o.‘. si.neic acid, prev!ously act:lnted by acot:onn«ther pre~
W“ha - - o

'l‘ho‘beuzem alu#gglo fraction grystg;ltzgd vhen seeded,
It was twice recrystallized from ethanol and water and after
dr;lﬁg in vu;;zw over p?xo;pho:ow peq:ax{.da 1; gave the followe
1ngz o | ‘
Melting Point: 147-148° (corx.)



Analysis for Carbon:

Calculateds 58.24%
Found; 58.47%

Analysis for Hydrogen:

- Calculated: 6.19%

 Found: . 6,521

26
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PREPARATION OF HYDROGEN PHTHALATE
OF 2,2~DIMETHYL~1-PENTANOL

cl/3

@: °+cf'a-¢fh—¢#s-c—c//; -oN @:“0—64-;-5 —Cly ~CH~C 3
C \‘” C”3

Three hundred thirty mg. ( 2 mm. plus 10% excess) of
phthalie enhydride and 0.3 ml. { 2 mm.) of 2,2-dimethyl~
l1«-pentanol were placed in a 15 ml. eéﬁtrifdgc tube and
heated on the steam bath for 4 hours.

After cooling, the product was extracted with ether,
which upon evaporation, gave an oil which could not be
crystallized.

The above procedure was repeated except that 2 ml,
of enhydrous pyridine were used as a solvent for the re~
action.

After heating on the steem bath the product was washed
into 50 wl. of ether, The ether layer was extracted 3 times
with 10%Z hydrochlorie acid, washed with saturated sodium
chloride solution, and filtered through anhydrous sodium
sulfate.

Upon evaporation of the ether a residual oil was ob-
tained which crystallized when 1 ml, of pentane was added
and the sides of the flask scratched,
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The crystalline materisl thus obtained was recrystallized
4 times from ethanol and water. After drying in vacuo
over phosphorous pentoxide the crystals gave ;he followings
Melting Point: 54.5-35° (corr.)
Anslysis for Carbon:

Calculated: 68.16%
Found: 68.37%

Analysis for Hydrogen:

Calculated; 7.63%
Found: 7,381
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PREPARATION OF PARA-DIPHENYL URETHANE OF

2 » 2«DIMETHYL~ 1-PENTANOL
. y ,
2p= () N—-c cH
/ ”“‘ =0 cdd ~ [}
I o CH3-Cth-cty "“’;‘ —cHr-od —> ) O-eHr- ?’_c”'- chrchs
= . ewy | cHy

'?our hundre¢ thirty mg. ( 2 wm. plus 10% excess) bf
para-diphenyl isocyanate were dissolved in 5 ml., of hot
petroleum ether. Three tenths ml, ( 2 mnm,.) of 2,2-di-
methylelepentanol was added and the mixture heated on
the steam bath for 4 hours. The hot solution was filter~
ed and allowed to cool, giving @ slightly discolored
crysthllina material.

After &4 rec:yciallizations from petroleum ether, und
drying in vacuo over phosphorous pentoxide white crystals
were obtained which gave the fbllawins:

Melting Point: 88.5° ( corx. no range observable),.
Analyiia for Carbont

Calculated: 77.13%
Found! 77.21%

Analysis for Hydrogens

Calculsteds 8.09%
Found: 8,11%



PREPARATION OF ALPHA-NAPTHYLAMINE COMPLEX OF
3, 5-DINTTROBENZOATE OF 2,2+DIMETHYL~1~PENTANOL

Ten mg, of the 3,5-dinitrobenzoate ui:er of 2,2~d1~
methylele-pentanol was dissolved in 0.1 ml, of ether. Ten
mg. of alphenapthylemine in 0.1 wl., of 80% ethgnol vas
added, |

There was an immediate color change and on standing,
orange crystals were obtained,

Tha crystals were filtered by centrifugation and re«
cerystallized 3 times from 80% ethanol, After drying in
vacuo over phosphorous pentoxide the c¢xystals gave the
following
Melting Point: 72-73% (corr.)

30
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DEHYDRATION OF 2,2«DIMETHYL~1«PENTAROL
(First Triasl)

¥ive ml, ( 4.1 grems, 36.0 mm.) of 2,2~dimethyl~l~
pentanol and 0,328 grams of concentrated sulfurie acid
were placed in an addition funnel, The addition fumnel
w& attached to & pear-shaped flask with a Claisen hu}d, and
immersed in an oil bath at 177-180°,
| The mixture of alcohol and acid was added drop-wise
to the hot flask., The products distilled over almost
{imnediately,

The distillate was washed with 5% sodium carbonate
and saturated sodium ehlézida solution and dried over
snhydrous potassium carbonate., It amounted to 3.5 ml.
and vas assayed by gas~liquid chromatography, and found
to consist of 60% olefin, and 40% 2,2-dimethylel-pentanol,
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DEHYDRATION OF 2,2«DIMETHYL~1-PENTANOL
(Second Trial)

One hundred eighty-nine wg. (16.0 mm,) of 2,2-di-
methylelepentanol and 180 mg. of concentrated sulfuric
scid were placed in a 10 ml, flask, capped with en
indented side arm Claisen head, and heated by bofling
xylene vapor at 137° for 24 hours.

At the end of this period, no dehydration had
occurred, as evidenced by lack of any distillate,

The mixture was then heated for an additional 24
hours at 135° by boiling bromo benzene vapors. At the
end of this period only & residual tar remained in the
flask,

The distillate was washed with sodium carbonate sol-
ution and saturated sodium chloride solution. It was then
treated with phosphorous pentoxide to remove any residual
alcohol, and lyophilized into a test tube with & ground
glass top., It amounted to 1.5 ml., and when assayed by
gas+liquid chromatography, showed only a mixture of olefins,
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OZONIZATION OF HEPTYLENES AND THE REDUCTIVE
CLEAVAGE OF THE RESULYING OZONIDES

. ‘The mixture of heptylenes obtained in the preceding

| dehydrat!.m- was dissolved in 30 ml. of methylene chloride
and placed in a small gas-washing cylinder, The solution
was cooled to -45° and treated with an excess of ozone. The
solution was then flushed for 1 hourswith dry nitrogen to
to remove all unreacted ozone and dissolved oxygen. The |
solution of the resulting ozonides in methylene chloride
vas then washed into a 100 ml. round-bottom flask with 50
ml, of dry ether. The flask was fitted with a Claisen head
having & reflux éondenaer and separatory funnel. attached,
eocled to =45 and stirred with a magnetic stirring bar,

A solution of 0.33 grams { 7.9 mm. plus 10% excess) of
lithium alueinum hydride in 10 ml, of dry ether was placed
in the separatory funnel and added drope~wise to the solution
of the ozonides.

The mixture was allowed to warm to room temperature
and finally heated to reflux fo_r 15 minutes. The flask was
then cooled to =15° end 12 ml, of 20% sulfuric acid was

added dropewise. The flask was allowed to warm to room
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temperature, an excess of nnhyéraus potassium carbonate was
added and the mixture was allowed to stir overnight. The
solution was filtered into & 100 ml, round-bottom flask aend

attached to & 60 plate fractionating column, |
| The aqlvomﬁn were removed by distillation, with & ree
flux ratio of 511, until the temperature of the still pot
rose to 65°. Five ml, of carbon disulfide vas added and
4 ml. distilled off. Two more 2 ml, portions of carbon di-
sulfide were sdded and distilled off,

At this point the distillation was terminated and the
column allowed to draim back i{nte the still pot. The still
pot was then connected to & lyophilization epperstus and the
volatile products lyophilized into a small tube.
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GAS-LIQUID PARTITION CHROMATOGRAPHY '

OF THE ALCOHOL MIXTURE

The n:.xtuu of aleahela in carbon disulfide from the

| preceding ozoniution and reductive cluvagc were chromato-

graphed as follows: Two colunns of dl.nonyl phthalate on :
celite were comnected in series, and the column temperature

| adjusted to 90°, The colums wer:ﬁ flushed with helium for

8 45 minute period, at the end of which 'tim the base line

had stabilized, and no twperituu changes were noted, A

crid Tun was made, using 10 microliters of solution; to

determine the sensitivity of range, aﬁd the peak heights.

Finaliy, 20 microliters of solution was 1.njoctvnd, and a

recording was made of the componentin. Ten microliters of

& synthetic mixture of the anticipated alcohols was injected,

and & recording made of its components. Two microliter:

sanples of each of the authentie alcohols were then chromato-

graphed in order to positively identify each peak, This pro~

cedure was repeated using a columm of silicone on celite in

series with a column of dinonyl phthalate on celite at 100°,

It was found in each case that the emergence times of
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of the known alcohols in the synthetic mixture were precisely
superimposable upon the emergence times of the peaks in the
unknown mixture.

The synthetic mixture, prepared from 1,0 ml, of each
&lcohol, gave the following results for the high boiling
alcohols: '

ALcoroL cALGULATED . pomn
Butanol 2 27.9% 26,5%
Butanol 1 28.0% 26,5%
Rentanol 2 23,6% 23,82
Hexanol 3  20.5% 23,23

% The two unknown mixtures from the two dehydrations gave
the following results;

ALCOHOL . 2 S 2 - AVERAGE

Butanol 2 - 10.8% 7.9% 9,4%
Butanol 1 21.2% 29.6% 25.4%
Pentanol 2 54.1% 39.4% 56,82
Hexanol 3 3,1% 0.9% 2,02
Hexanol 2 - 10,8% 2.3% 6.3%

An Authentic sample of Hexanol 2 was not available at
the time the synthetic mixture was chromatographed, and its
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time of emergence was determined at a later date.

A blank run of ozonization, reduction with lithium
aluninum hydride, distillation end lyophilization was made
upon the solvents in order to be certain that no unexpected
‘producu were foz_med. Only, ether, carbon disnifidc, and
| methylene 'ehlori@a peaks were found when the residue was

chromatographed,
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PART II1
RESULTS



O0f the thirty-nine isomeric heptyl alcobols, only
2,2-dimethyl-l~pentanol (V) has not been prepared and
characterized, Its synthesis has been attempted in this
ubératory by treating the crignard reagent of 2-chloro-
2-methyl pentane (III)' with formaldhyde, which upon hydroly~
sls should have given (V).

CII, . C’”y
Cly=C Wy C Fom f’—C; +Medt H- c:: HeH y cuy-c H~Cth-Cc—CHz-0H
S G ' x c#

Although some (V) was isolated, the yleld, and degree
of purity of the product was pooxr, due to extensive acetal
formation with the excess of formaldehyde used, This acetal
resisted hydrolysis, and pure (V) could not be distilled
from it. |

In view of these problems, a synthesis which avoided
the use of iemald}hyde was sought. Treatment of the Grignard
reagent of (111) with carbon dioxide gave, on hydrolysis,
2,2-dimethyl pentanoic scid (IV).

CHy . CHy
[]
C”J—Cllt‘C/lg'—é—Cl. + ML+ co,__ﬂﬁ’_'_> CH;-CIA—C/’;—?-C::”
. ¥ - v 4

This acid wes readily purified, by extraction, and distillstion
processes, and was reduced to the correspending alcohol (V),

by lithium aluminum hydride, a reaction noted for its high



39
yields, and lack of side reactions (5).

cHy Cay
CHz~CHh—C th- é—-Cng -é-'-&—’!!—) CHy~CHar-CHr— :C——Cllt-oﬂ
T Cay X cHy

A sample of (V) obtained by this sequence, when

| assayed by gas-liquid partition chromatography, showed
| better than 99 mole % purity, the contaminant being an
unidentified low beiling impurity.

The dehydration of (V) presents an interesting prob-
lem, since dehydration cannot occur without rearrange-
went; a primary carbonium fon which rearranges to a
#ert.ifary carbonium ion, 1is believed to be the intermedi-
ate. Five possible unsaturated products are thaoretically
possible, by the following uechmiém

G'”; * c'/l3
L cHs-cth-ctr-C-cteon 2> CHy-cth-cth-e—ch ®
x ! L e#
Cv ¢3
: #y

A
Hew CHy =l tly~C—CWr-CH
C,”,) CHr . =C. a. é : 3
P Chr-cHCHC-Cth @ ey

T c¥y @ é—cm —C Ho=CHr~C K3
C#
? s
CHy=CHu-CH=C— c MW ~CHN3
I

e : R s
3, CHy-CM-CMr~C~tih-cH3 CHN3 -Chr~Clh—C=cH-CHy
wm & x
CHe

i’
CHy = C o = EWr =E=~CPrmcH
XL
ch

N C”;-g—‘”z- CHv~CHWrL=CH3
[} 3 on” X,
4, & ?-—- CH=CHhr=-Cl—~CH3 C,h’g
c#y CH3~CmCH~CHr-Clr-cH
X,
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The dehydration was accomplished by heating (V) with
8% by weight of concentrated sulfuric acid, 7Two sets of
conditions were used. In the first procedure, the mixture
..oti(?) and sulfuric acid vas added slowly drop by drop to
@ flask immersed in an oil bath at 177°, The products
distilled off almost immediately, This procedure is identi-
cal to that used by Whitmore (2).

In the second procedure, the mixture of (V) end sulfuric
aclid w@ra heated at 155° for twenty«four hours, the products
distlilling off as they were formed,

The results from the two methods were nearly identical,
in regard to yield, and unsaturated components., However, the
products ftam‘thg first procedure were contaminated by approxi-
mately 40% of (V), while in the second case the smount of (V)
was reduced to less than 107%. _

Samples of the unsaturated material were subjected to
gas-liquid partition chromatography (*) on columns of dinonyl
phthalate on ¢elite and silicone on celite, but a satisfacte
ory separation of the conanents wvas impossible with the liquid
phases used, The presence of five components was noted however,
two major components, two minor components, and a £ifth compon-
ent which sppeared intermediate in quantity, and emerged from
the column immedistely preceding the two major components,
‘*?érkiu llmerlfapor Fractometer, Model 154
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Only the time of emergence, and approximate peak height

were determinable., These components could have been identi-
fied, quantitatively and qualitatively, 1f better liquid
phases wexre avallable, and guthentic l&ple: of the postu~
lated reaction products could have been obtained, However,
- a sanple of the unsaturated material was dissolved in
methylene chloxide, and treated with an excess of ozone. The
excess ozone was removed by flushing with nitrogen, and the
oz&nidca were cleaved with lithium saluminum hydride (3), to
give & mixture of alcohols corxesponding to the portions of

the molecule on either side of the double bond, as follows:

cHs
C”s_cﬂ‘_c H:é_&”.._.&”a __—o-i—, CH,-CH‘_—C”Q,"O” + C,I!"C”I-"c”—‘”j
B4 ‘lﬂbﬂq O‘”

CcH3

Cﬂg—éﬂz—cf/v—éﬁ‘cﬂ—éffsfg"‘* CH3-Cthmchr-cH-CHy + CHs-CHr-oH
x tAe My aw

CHr

CH3-CHr=Cthrmb—c Wr-CH3 —-O-L> CHsmcho=CHMa=CH -CtH-CH3 + CH3—~OHN
I tlA&”q o'”

CHa
C”a‘é"-C”z-&”l-—CIh-Clls —-—-)a’ Cﬂ;—¢”;-c”t—6//z-¢//—¢ﬂ3 + CHi-oN
P Zaus 5

CHy
CHymbmCH—C tamCHr—CH3 L2y CH3-C thmtHarcth-oH + ¢”J—f”"”3
xnr bgl-lh, oN
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The solvents, consisting of methylene chloride, from
the ozonolysis, and ethyl ether, from the lithium aluminum
hydride cleavage, were removed by distillation throuﬁh a
60 plate column. When the still pot temperature rose to
~ 65%, a small portion of carbon disulfide was added, and
distilled off, two more yartiou# o£ carbon disulfide were
added and distilled off in the same manner to insure re-
moval of the two solvents. The residue was then lyophile-
 4ized, to remove non~-volatile material, without loss of the
volatile alcohols,

The products thus obtained were subjected to gas-liquid
partition on two dinonyl phthalate on celite columns in series,
and excellent separation of all components was obtained.
These components were identified by their time of emergence,
obtained from authentic sewples of the alcohols, and the mole
precents of the five high bolling alcohols were detexmined
from the areas under the curves, using a planimeter. A syne
thetic mixture of known composition was glso chromatographed,

to determine the degree of accuracy obtainable by this method.
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The mixture of alcohols from the two dehydrations gave the
following: |

ALCOHOL, oL 82 avemac
Butanol 2, from (IX) . 10.8% 7.9% 9.4%
Butanol 1, from (RIIX§  21.2% . - 29i6%. . 25.4%
Pentanol 2, from (X) - 54.1% ' 59.4% .  56.8%
Hexanol 3, from (XI) 3.1% . 0.9% " 2,0%
Hexanol 2, from (X1I)  10.8% 2,3% 6.5%
The synthetic mixture gave the following:
ALCOHOL CALCULATED FOUND
Butanol 2 - 27.9% 26.5%
Butanol 1 . 28,0% S 26.5%
Pentanol 2 23,62 23.8%
_aexmol 3 20.5% : 23.2%

No attempt was made to correct the values obtained from
the unknown mixtures for the differences found in the syn-
thetic mixture, |
| In an sttempt to further verify the identities of the
alcohols, the unknown and synthetic mixtures were rechromato-
graphed, using a column of silicone om celite in series with
& colum of dinonyl phthalate on celite. The order of emer-

gence of the peaks were unchanged from that of the synthetic
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mixture. The only difference observed, was the shift of

the aaxﬁon disulfide peak to the center of the area be-
tween the the isopropyl end the n-propyl alcphol peaks,
This wethod of qualitative enalysis is essentially the seme
a8 used by Lewis (4).” :



PART IV
DISCUSSION
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The preparation of 2,2«dimethyl«l-pentanol, by the
sequence qt reactions ﬁreviously indicated, gave a product
of high purity. This degree of purity is directly attribu-
_tablé to the fact that it was prepared by the reduction of
~2,2-dimethyl pentanoic acid which could be purified easily,

Ko unuspal difficulties were encountered, except in
the distillation of 2-chloro-2-methyl pentane. This com-
pound, after exhaustive drying, could not be diltille#
without excessive decomposition.

In view of the fact that the 2-chloro-2-methyl pentane,
before distillation, was contaminated by 2-methyl-2-pentanol,
it is probable that some elimination of hydrogen chloride
' fxrom the halide occurred, followed by the acid catalysed
dehydration of the alcohol, producing water which could
hydrolyse the chloride to produce more acid and free alcohol.

In addition to this cyclie decomposition, the water
being produced, as well a8 the low bolling hexenes, resulted
in an extremely impure distillate, This difficulty was over-
come by distilling the halide from phosphorus pentoxide,
which removed the alcohol and water as they were formed,
effectively breaking the eycle. The product obtained was
undoubtedly contaminated by hexenes and hydrogen chloride,
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but after standing over anhydrous potassium caxrbonste the

hydrogen chloride was removed, and it was felt that the

presence of the hexenes would not intexfere with the next

reaction.

When 2,2-dimethyl-l-pentanol was dehydrated, the re-

sulting olefins were found to be present as follows:

X

XX

X1x

X111

. G -
Cﬂ,-é//z-d”-‘?c— CHa-CHy

¢ :
CH3—C M= Cha—C= CH— CH3

C Hy

o ) .
C H3m C Mo MamC o CHr—CHy

G
CHswCmCHr-Cc Mr-Ctr—CH3

CHe ‘
CHy~-C= c.//-c//z—c#s—c/{;

9.4% by migration of
wethyl and loss of pro-
ton from propyl

56,8% by migration of
methyl and loss of proe
ton frxom ethyl

2,02 by migration of
methyl and loss of pro~-
ton from wethyl

6.5% by migration of

propyl and loss of proe
ton from methyl

25.4% by migration of
propyl and loss of pro-
ton from butyl
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- Whitmore and Church (2) studied the dehydration of 2, |
2«dimethyl~l~hexanol gnd found that the compounds analogous
to IX, X, XII, and XIII, were formed. No trace of the come
. paun& enalogous to XY was detected. The pewefxe of each
~ compound 1solated was not given in their report. However,
it wag stated that the compounds snalogous to XII and XII1IX
were formed in the ratlo of 12:1, loss of the proton frqm
‘the butyl group being the predominant necure;me., In the | ’ peuly, £
case of 2,2-dimethyl-l-pentanol, the ratio 1s 3.911, a
rvather large difference, They also found that the compounds
analogous to IX end X were found in the ratio of 211, the
lose of the proton from the ethyl group being the preferred
event, In the case of 2,2-di{methyl~l~pentanol, it 1s found
that the ratio is 6:1 {n favor of the loss of proton from
the atﬁyl group,

Generally, it may be said that egreement is shown be-
tween the two studles, in regard to the position of the more
labile proton., In addition, compound X1 was found in this
study to be present to the extent of only 2.0% and could
easlly have been wissed by the methods used by Whitmore. It
i8 indeed umfortunate, for the sake of comparison, that no
figures were given to relate the amounts of each product
found {n their study,
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Exanination of the amounts of the olefins formed during
the dehydration of 2,2-dimethylel-pentanol indicates that
68.2% of the rearranged products resulted from methyl group
migration, and 31.9% from migration of the propyl group. In
| view of the fact that two methyl groups are available for
| migration, it may be assumed that 34.1% of the rearranged
products resulted from the migration of a single methyl
group, 34,1% from the migration 9! the second mthyi group,
and the remaining 31.9% from migration of the propyl group.

‘rhen values are in excellent agreement with the theo-
utieal value of 33.3% of each, which would be obtained 1if
all three groups were equally labile.

In view of these results, it seems that dehydration
studies of compounds having massive branched groups attached,
in place of the propyl group, would clarify the mechanism in-
volved in grouwp migration. Apparently, in the case studied,
the difference in size between the methyl and propyl groups
is not a factor in determining the extent of wmigration of the
groups, and no steric effect ia noted, The wechanism of re-
srrangement with & carbonium fon, &8 £irst proposed by Nevell

et al (6), is through an intermediate bridge:
’ 'R @ e ,"g\\ ’ @ R
R-C—C-H—>R-C5===C-A—> R-C

: : ¢—6¢-¥
Rc/ H Rz, H R P H
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It may then be assumed, if this is the case, that only
sterie effects would be of importance in determining the
extent of migration of the alkyl groups.

Two empirical rules have been advanced to predict the
i olefin which may be formed by the élimination of a proton
from a carbonium ion. The Saytzeff ruie (7) states that the
most highly branched olefin will be formed, The Hoffman rule
(8) states that the least branchad olefin will 'bc formed.

‘.rhén conflicting rules have been discussed by Ingold
(9), who proposed that the inductive effects of the attached
groups are responsible for the observed orientation, Brown
(10) egrees with Ingold that the inductive effect is res-
ponsible for orientation in Saytzeff type elimination, but
shows that steric effects are responsible for the orientation
observed in Hoffuman type eliminations.

In the case of 2,2+dimethyl~lepentanocl, Saytzeff type
elimination s pmdaminant. and accounts for 91,5% of the
olefins formed, only 8.5% resulting from Héffman type elim-
instion. Examination of the structures indicates that no
large steric factor can be anticipated in this case, hence,
the predominance of Saytzeff type gl.imimtion is in agree-
ment with the proposals of both Brown and Ingold,
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It should be pointed out that the interpretations of
these two investigators may not be entirely correct.
Ristiaskowsky (11, 12), has measured the heats of hydro-
genation of a number of nubat.i.r.ﬁted ethylenes, and found
i lower heats of hydﬁ:ogenatian for the more highly substituted
olefing, indicating that these compounds have the more stable
double bond, The notable exception in the series occurred
in the case of 2,4,4-trimethylsl-pentene, snd 2,4,4~tri~
methyl~2«pentene, where ﬁha heat of hydrogenation of the
least substituted olefin was 1.2 kilo caloxies lower than

that \gf the more highly substituted olefin,
C ans o
O

/ oW
S 272 K.C e
0\\’ c\ /l" : -Cae /c\ - /CH3 28.4 K Cau.
C= C\ o\\” /C-C\C
CHs H CHs Hz

This case represents an exception to the remainder of
the hydmg@n#tim data in the same way Brown has shown that
exceptions to the Saytzeff rule can occur when steric¢ facte
ors are present, Examination of the structures of the two
molecules indicates that a higher degree of steric strain
ghould be present in the case of the more highly substituted
ethylene, which is evidenced by the higher heat of hydrogena-~
tion.
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Thus, it appears that the Saytzeff rule, and the excepts .
ions due to steric strain, which csuses Roffman type elininae
tion, can be adequately expleined in texms of the stability
of the olefin which is formed. In the light of these data
| 1t seens that the Saytzeff rule should be restated to indi-
| cate that in a unimolecular eli.minati.cn.' the olefin formed
predominately will be the one having the greatest stability.
~ Compounds X and IX are found in this study to be formed
in the ratio of 6:1., Examination of molecular models of
these two compounds indicates & much higher degree of free-
dom of rotation to be present in X. Thus, it seems possible
that the differences in freedom of rotation, may account for
the preferred formation of X, On this basis, it sppears that
the formation of XI would be sterically hindered for & great-
er part of the existence of the carbonium fon VII than the
formation of X, thus, X would have & greater opportunity to
be formed. In conclusion, it may be seid that the sequence
of ozonization, reductive cleavage, and the use of gas~liquid
partition chromatography to identify, qulicftivnly and quane
titatively, the umseturated products formed by the rearrange-
wment of alcohols, should present & real advance in methodol-
ogy for the study of such rveaction.



PART V
SUMMARY
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2,2~dimethylelepentancl has been synthesized, its

physical constants have been determined, and it hes been
characterized by gha preparation of aighc derivatives.

'the alcohol was dehydrated at its boixing peint, in
~ the preaeaétef_aulfurim ucié.‘and the resulting rearranged
olefins have been qualitatively and quantitatively determine
ed.

Orlentation in El eliminations has been discussed,

and it is proposed that the Saytzeff rule should be re-
stated,
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