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Introduction

¥or a great many years certain reagents
have besn investisat:d which will convert alcolols
~into s0lid substances. The melting points of these
s0lid substances were then determined and as a con-
ssgusnce the alcohols undsr consideration could be
datected. There have neen s2¥eral reagsnts prcposad,
the most azatisfactory of which have besn phenylisc-
cyanate and alpha naphthylisocyanate, un to the present
tims., Particularly with the phenylisoéyanate it has
been noted that with certain of the higher alcohols,
tie srsater the .nwu?;vﬁr of carvon atoms there was in
the chain, the lower the melting point of the solid
derivative obtained, so that uwhen it was attempted to
secure s0lid derivatives of certain of these aix and
seven carbon atom alcohols it was found impossible to get
a substance which was a solid at ordinary tempzratures,
-a.nd wnich would serve a3 a convenient meane for the de-
tection of the alcohols in guestion. Only very recent-
ly nas alpha naphthylisocyanate been proposed and it
seems to b2 a very promising reagent judging from the
srall amount of work wnich has been done arnd from the
success that has been attained.

(1)"Alpha Waphthylisocyanate as a reagent for alcohols®,
V.T.Bickeél and H.B.French, J.A.C.S., 48, 1111, Apr.{292 26).



In comection with another research problem in the
llabnratory, it was desired to astect four heptyl alcoh-
ols, nawely, 1 heptancl, 2 heptanol, 3 heptanola and

4 heptanol. Tnere were sufficiznt quantities of 3 hep-
tanol and 4 hertanol accessible, ten grams of 1 heptan-
ol were purchased from the Easitman Kodak Company,.and
it was found necessary to synthesize 2 neptanol as it
could. not be purchased at any ¢f the leading dealsrs in
orgénic chiemicals. Alpha naphtiylisceyanate is sold
by’ the Eastmah Company but the price is very high and
as a sufr~icient quantity for this ressarcn weuld nave
cost guite & sum it was decided to try to find a satis-
factory sethod for its preparation.

Aftesr the vesagnt aasd the alcchol had bexn prepared

-

it was decided to convert the alcohols into the urethans
puriﬂy them by recrystallization in ligrcein, making a
e lhing point detovmination of these urethenss, and
Finally subjecting each uretlane to a nitrogen determin-
ation by ths Kjzldahl metlhod ard comparing the nitrogen
content focund to that calculated from the formula of
the zarticular urethan2 in Gueeiion.

It was also decidsd to inmestigate other alccholic

derivatives 1f time purmittad.



Preparation of 2 Heptanol

For the most convenient preparation of 2
Heptanol it iz neszzsary to ;.:‘r:f'.pa.ra nermal a.myl"alcohol,
and then from this alcohol to proc2=d4 by adding 2 addit-
ional carbon atows, which is comparatively easy.

Tae price of n-amyl alcohol as quoted by Bastman is
$28 per 100 grs. , 80 1t hardly szesmed fsasidle to buy
it. For this reason it was necessary to synthesize the
n~amyl alcoholibefore proce=ding to the addition of the
twe carbon atoms.

Normal amyl alcohol can be preparad by the raduction
sthyl-n-vralerate by hyo‘.rogen2 but this means was not
suitable because of the ssarcity of the compound and the
difficulty with which it is made. Organic Syntheses
gdves a very satisfactory method of preparing n-haptyl
aloohol by the use of ethylene oxide.? This method was
found to be applicable to thes synthesis of n-amyl alco-
hol also, but no specific dirsctions could be found for
this particﬁlar gynthesiz. It was there fore necessary
to study the conditions of this reaction and devise a
means for obtaining n-amyl alcohol ard at the sows time
cbtainiag a good yield.

(2} "Organic Chemical Reageﬁts II", Roger Adams, O. Kamm,
and C.S.Marvel, University of Illincis Bulletin, 6,
pg. 54, October(1911).

(3)"Organic Syntheses" Vol, VI, page 54.



The following eyuativne snow the procisdures which
was followed for the uvnthesis of tie alcohol (2 Hepw

tancl).
i o 4 o &
(1) 0314.70:1 + wEBr ————~—>G.j,H7Br + HOH
- | I , 0 H MgBr 7
(2) C§H,7Br +Ug —=- 0y 7Mg r
(3)  OgHplgBr + CH,-0~CHp —>C,H,CH,CH,OMgBr

A : 3 T y HOM R o~ .
(4) Cﬁi{..l.,ChZChzOHgBr —= C;H,CH, CH,, 0l

(5) n-CgHyyOH + HBr — n-Cyiy br + HOK

(6) n-CgH, Br + Mg —-’le n-Cyh.  MgBr

!

(7)) n-CgH, NgBr « 01{5030 -——"CBH:LlCH(OMgBr)CHJ

(8)  CHy OH(OUgEY )CH 2% n-C L, | CHOHCE,
The reacticrs as represented by squations 1 and 2
are weall worked cut in the rsferences given and no diff-
iculty‘ was expgrienced in ontaining zood yields. How-
ever, the conditions for reactions rspresentsa by equat-
ion® 3 and 4 nad T Ls worksed out ez there was no data

available which specifically furnished any information.

(4)"Organic Syntheses, Vol. I," rpage 6.

(5)"0rganic Syntheses, Vol. VI %, page 54, (Conditions
“or sucssss fully carrying out the Grigoerd rsucvivn.)



‘Le following scheme was worked out for the prep-
~aration ¢f n-amyl alcohol as represented by reaction
He
Subls tancss used: n-propyl brdmide.......l.77 mols -
' Magnesiumm filings..,...1.89 mols
Todine..iisescessse.amnall crystal
Ethylene oxide....veeee3.00 mols
Anhydrous ethyl ether,.880 cu.cm.
In a previcus trial it was attzmpisd *o nske 2thyl-
ene oxide by the action of a concentratad aqueous sole-
ution of NaOH on ethylens chlorhydrin but the yi=ld of
the gas was very low and its purity was questionable.
A small cylinder of dry ethylem oxiae wa® obtained
fXan the Carbide and Carbon Chemicals Corp., New York,
N.Y. at reasonasble cost and this was employei in the

synthe sis to bs d2scribazd.

The apparatus used is illustratsd below:
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The required amount of magnesium filings wevs placeu
Flask -

in tue reaction along with a small ct'ystal of iodine axdd
50 cc of a sclution containing propyl br omide and anhy =
drous e2t:yl ether in the proportion of 3 moles of PrBr
$0 1 liter ether. After the reaction had started, noted
by the re fluxing of the ether, 220 cc more of anhydrous
ether was added to the reaction flask and the remaining
sclution ¢f the PrPr in ether was addeld in a small but
steady stream until all had been added, the total time
of adaition veing aprroximately two hours. After the
completion of this stage in the process, ethylene oxide
‘was added to the Grignard reagent in the reaction flask
at the rate of about 500 cc per minute (standard condit-
ions). It was not found advisable to allow the Grignard
~reagent tc stand Ffor any length of time be fore it was
utilized as it crystallizsd ocut and the yileld of n-amyl
alcohicl subssqguently ootained was quite markedly lowered.
The ethylene oxide was then passed in at a constant
rate until twice the theoretical had been added, the
ether used as a wash bottle which e@ontained some gthyl-
gre oxide dissolved wag added to the reaction flask,
-and the mixture was then gently re fluxed for 1 hour.
The condensor was then set for downward distiilation
anl about 300 c¢ of theether was dimtilled off. As the
ether distilled off, 330 cc of thiophene free benzene

was adied through a separatory fumnel, the rate of add-



ition being cOntrdlled by the rate of distillation of the
ether. When the temperature of the distilling vapors
reached 60° C the condensor was again arranged for re flux.,
- The rearrangement reaction of tha ethylene OXide add -
ition rroduct hegan at this point and great care was nec-
e&sary to keep the reaction under control because if it
becowes violent much of the product is lost and the yield
is lowered about SQ%. The stirring was kept up as long
a8 the viscosity of the mixture permitted. It sesmed quite
| important at this point to control the reaction,but not
to stop it r:c»mplfa'!;e.'i.y.6 ‘The refluxing of ‘Ehis venzene
mixture was carried out for 1 hour when the rearrangement
was aprparently complete. The reagtion ¥lask contained a
very viscous, gelatinous mass of light gray color poss=-
~ewsing a sioug odor of amyl alcchol,

After the mixture had cooled, a liter of ice water was
slowly added, the reaction taking place represented by
equation (4)., This was an excthermic reactiom and it was
necessary to surround the reaction flask with an ice=-
wter mixture. A heavy precipitate of Mg(OH)2 resulted
which was later decomposed by the addition of 6 N. sul=-
phuric acid. If this precipitate was not dissolved it
would occlude much of the product and the yvield would
be mater ially lowered.

(6)"Preparation of Iso-amyl alcohol™ D,C. Maddy , priv-
ate communication, University of Illincis.



e mixture in tne reaction flask was then sub-
jected to steam distillation, it veing necessary to
distill over three or four liters of liguid until the
the distillate showed only one phase as it condensed.

» Thé 0ily layer containing the benzene and the n-amyl
alcohol was sepafated from the aqueous phase, and the
formerf was refluxed on a steam bath for 1 hour with

300 cc of a 20% NaCH solution in order to remove any
n-propyl alcohol which might be present as an impurity.

This mixture was then steam distilled and this t.ime
it was necessary to collect 3 litérs be fore the conden-
sate showed only 1 phase being distilled over. The
oily layer was then separated from the aqueous phase
and the former dried with anhydrous Ca012 for 12 hours.
The CaCl, was then filtered out and the liquid was
fractionated using a Hempel Column which was approximat-
ely 18in high. The distillate which came over below
85° C was benzene ami water. The residue, after the
distilliing vapors had reached 85° C, was transferred to
- an ordinary distilling flask and the temperature was
gently raised. At 137° C the distillate was collected
until the temperature had reached 1399 C,and this was
redained as n~amyl alcohol, boiling point 138° C,

Yield about 47% of the theoretical.
The n-amyl alcohol wag then converted into the
broxﬁide by the use of HBr, sp. gr. 1.4-9.7

(7)"The Base-forming Property of Carbon", J.F.Norris,
American Chemical Journal, 38, 627, July-Dec. (1907).



The n-amyl alcchol was treated with three times the
theoretical quantity of HBr.- Tre reaction was carriedv
out with constant stirring ,the EBr being admitted drop
by drop and the temperature beiﬁg kapt appro#ﬁnately
A_65° Ce A good yield of n-amyl bromide was obdained by
this method.

The n-amyl bromide was then treated with Magnesium
filings and the corresponding CGrignard reagent prepared.
This was dore precisely as previously described under
the amyl alcohol preparation.

It wag then necessary to devise a means of producing
methyl aldehyde{acetaldehyde) by the depolymerization
of paraldehyde. This was accomplished by treating 212.2
grams of varaldenyde with 10 cc 2Q% solution H2804.8
The CHBCHO was then led into the reaction flask contain-
ing the CGrignard reagent. The flask was cooled by surr-
ounding 1t with an ice-water bath.

The reaction of the acetaldehyde with the Grignard
reagent proceeded with violence accompanied by a hissing
sound and it was important to control the rate of admiss-
ion of the acetaldehyde for this ress on. No rearrangemént
reaction was necessary in this addition, so after the
addition reaction had finished, an ice-water mixture was
added to decompese the addition product, Whefeupon a
heavy precipitate ofng(OH)z care down. This was then

2804. Two nuyndred cubic centimeters

disgolved with 68 N H

(8)"0n Aldol, Pantaerythrose and the action of Copper
Acetate on tae Hexoses", A.F.McLeod, American Chemical

Journal, Vol. 37, 27, (1507).



‘.of_ benzene was then added in order to dissolve all of
the 2 heptanol. The upper oily layer‘ wag then separated
;;iom the aqueous phase, dried with anhydrous Ca.Clzl for
12 hours, and finally subjected to distillation the
fraction boiling between 158° and 160° C being saved

as the pure product. 2 heptanol boils at 159° C. 10
grams were obtained.

The apparatus used for this final proceedure is

illustrated below.
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Investigations into methods for the prepara-

tion of alpha napnthylisocyanate.

- The most satisfactory method for preparing an iso=-
cyanate ig by the use of phosgene, a gas at ordinary
temperatures having a boiling point of 8° €. The rea-
ction takes place as 11lustrated by the following equ=

8 - o — OO0 e
NHCOC :N=C=0

It was therefore necessary to obtain phosgene or
devise a satisfactory laboratory means of preparing it.
8avell, Sayre and Company of Niagara Falls, N.¥., comm-
ercial fabricators of phosgene, were only able to suppdy
the gas in 150 poimd tanks a8 any smaller quwantity
would. not meet shipping specifications for the product.
They submitted, however, a laboratory method for the
preparation of phosgene from CCl, and 45% fuming sul-

phuric acid. Consequently this method was investigated,
| ard proved satisfactory. With a few revisions the proc-
eedure is as follows.

The reaction runs quantitatively as follows;

H 5304_;505 -+ 0014 —— COC1

2 2
Chlorsulrhonic acid is alsoc formed.

+ 201804H

The acid, as indicated by the equation, should be
45% "free® 805. This acid is solid at ordinary room temp-

eratures , and is not a regular article of commerce, but



may e made by mixing com:ercial 60% olewn with 26%. It
is very important that the acid be as close as possible
“to the given strength.

| A portion of 0014 i8 weighed out and placed“in.a.
fairly good size round-bottom, three-necked flask to
which are comected a 40in reflux condensor, a 150° ¢
thermome ter, and a dropping funnel the tor of which is
Fitted with a CaCl, tube. From the condensor the gas
is conducted to 1 liter flasks placed in series con-
taining benzene or toluene and the whole flask immer-
sed in an ice-salt-water bath. This is to dissolve the
phosgen: as it comes over. Thé number of flasks in
series depends on the rate and quantity of gas that
is to be adsorbed. The temperature of the 0014 is
raised to reflux, the temperatur® being determinad by
tiie thermometar whichr is under the surface of the lig-
uid. A very small portion ¢f the cleum 1s added caut-
iously, and a vigorous evolution of gas follows, al-
though sometimes the evelution of the gas is slow to
gtar t. Great care should be taken to avoid a sudden
and violent evolution. This suddenness is only obser-
ved the first time as after a body of chlorsulphonic
acid has formed the reaction is always smooth, so for
this reason a little of the chlorsulphonic acid is

saved"a.fter a run with which to start the next rune.



Until the reacﬁion become s smooth, the temperature
should be allowed to.drop, and heat is applied cautious-
ly. After this the temperature should be brought back
close to €° C and the oleun added in a small stresa thru
the dropping funnel. A separatory fummel was ussd which
wak prgvided with a heating eleme_nt of nickel-chrome
wire in order to hold the temperature arproximately 50°
C at which temperatute the oleum is a liguid. The speed
of the reaction is regulated by the rate of addition of
the acid. After oleum has been added equivalent to OCl,,
another charge of (L'Cl4 is- inserted, anl the precess
continwd., This addition should.be done with great care
a® quite a fluxuation of pressure within the flask takes.
place.

During the addition of oleum, the temperature should
be maintained at £0° C. This is important. When no more
reflux of CCl, takes place, even at 8° C, and the theory
of oleum has besen added, the charge:.of 0014_ is repeated,
and the proceedure carried out as be fore.

The gas evolved should be thoroughly refluxed to re-
move all possible CCl, vapors. The gas can not be washed
through water as the phnosgene is hydrolyzed. Impurities
in {'he CCIZL4 are said to result in the possible presence
23 CSZ’ 5*
The concentraticn of the fuming sulphuric acid is

in the gas of Cl C0S, and SO



determined most a.cburately by a direct titration methéd.
A sméll gsample if the fuming acid ‘is tfansferred to a
small weighing bottle, the top tightly fitted on, and
the sample weighed. A large weighing bottle is then
seéured and a small amount of diatilied water placed in
the botton. The small weighing bottle 1 then inserted
in this water, the top of the small weighing bottle re-
moved carefully, and the top of the large weighing bottle
inserted immediately. This is allowed to stand for sev=
eral hours during which time the fuming vapors colliect
in the distilled water and with careful shaking the

two liquid portions can be shaken and mixed without
excessive evoclution of heat. The liguid sample is then
diluted with more distilled water and titrated with
“gtandard NaCH solution using phenolphthalein as the
indicator.

Chiorsulphonic acid may be removed from the flask
if it gets too full, and the generation continued in-
definitely. It is nscessary to handle chlorsulphonic
acid with great care, as it reacts with water with the
utmost violence. At the same ..time it gives off a littile
dissclved phosgene, so that disposing of it is an un=-
pleasant task,

The alpha narhthylamine which was used was comm=-
ercial grade possessing a dark red colaration due to

contact with the air. This substance was purified by



distilling the substance under reduced pressure. A white
$01id was obaained which was quite pure alpha naphthyle-
amine. This was dissolved immediately in benzene.

" In the first preparation, the phosgena was led dir-
ectly inte flask containg the benzene solution of alpha
naphthylamine? The reaction expected has been previcusly
given. Howevér, a 80l1id reddish-brown substance came
down which was insoluble in venzene, water, but which
turned green in the presence of conc. H2894. This res-
idue was treated with aliqusct parts of henzene in order
to extract any alpha naphthylisocyanate which was pre-

" sent as it is soluble in this liquid. This benzene sol-
“ution was then distilled under reduced pressure, but
there was no trace of any alpha naphthylisocyanate which
is an 0il of straw-yellow color, boiling at 269°,0 (760
mn), and is a liquid at ordinary temperatures. Ié was
then assumed that it would be necessary to have phosgene
in solution in excess at all times during the reaction
with the alpha naphthylisccyanate.

A new preparation was then commenced. This time the
phosgene was not led directly into the the benzene sol-
.ution o f alpha naphthylamine,but was collected in a
sglution of tenzene. The sclution of benzene was coolw
gd to such a temperarure that the phosgene was liquif-
ied, about 0° C. The benzene solution of the phosgene
and the benzene solution of the alpha naphthylamine were
then mixed. Heét was immediately evolved and it was nec-

essary to cool the reaction flasks with an.ice-water



;gixtu}e. However , the same dark-reddish-brown precipit-
ate came down. This pracipitate was washed thoroughly
with benzene, this was united with the liquid remain-
ing in the reaction flasks, and the combined solution
subjected to distillation. Again no itrace except poss-
ibly a few drops of alpha naphthylisocyanate was obser-
ved although during the reaction phosgene was present
in axcess. The extracted solutions all possess=& ths.
odor of phosgene. The mixed solutions in benzene of
phosgene and alpha naphfhylamine were allowed to stand
in contact with each other for % days in order to in-
gsure that a resaction would take place if time was the
important controliing factor. During the fore part of
.the distillation some phosgene was evolved. This was
collected in some pure ethyl alcohol, converting the
same to ethyl chlorcarbonate, svolving a considerable
amount of heat. The ethyl chlorcarbonate was recovered
by fractichnation.

If time had permitted, a new system would have been
‘trieﬂ, namely, that of conver ting the phosgene into
ethyl chlorcarbonats, treating alprha naphthylamine with
this substance forminz the urethane, and then subject-
ing the wurethane to the action of P205,whereupon alpha
naphthylisocyanate would have resulted. This seemsd to
be the most promising method of preparation in light of

(9)"Sur ies carbimides aromatiques®, M. Henri Vittenet,
Bulletin de la Societe Chimigue, XXI, 957, (1899).



of the previoﬁs invegtigations. 10 e residue remain=-
- ing after the reaction of the two benzens solutions was
EXactly simiiar to that obtained in the first run al-
“though.phosgehe was presant in éxmess, but timsAprevent-
~ed an invéstigation to sstablish its identity. It was
poesibly dinaphthyl urea which could have formed due to

follcwing reaction taking place.

NHCoCL H, N .‘u
B o — 007
N

(10) "Alpha and beta naphthyl urethanes", Neuberg and
Kansky, Piochem. Zeitschrift, 20, 445, (1909).



~ Although thi® research problem seemed at
the start perfabt;y straight-forward a great many ob-
‘stacles were ehcountered’particularly in the preparat=-
ions which were carried out. Several of thesevpreparat-
ions héd to be completly worked out. This work has
been done with the aim in view to solve all of these
details as the work progressed and to fully under stand

the re=sons underlying all steps.

The work has progressed to a stage'where
it can very easily be continued, the only really dif-
ficult task being to prepare alpha naphthylisocyanate,
and the vest method of attack for this work has been

mentioned in the foregoing pages.
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Sumnary

Alpha naphthylisocyanate seems to be the
‘most-promising reagent for the detection of alcoh-

ols at the present time.

2 heptancl wag yrepared, and in the course
of this preparation, a good method was devised feor the

preparation of n-amyl alcohol.

A method was devised for the laboratory

preparation o f phosgene.

It wag discovered that the reaction of
a benzene solution of alpha naphthylamine and a ben-

zene sclution of phosgens will not react to form

alpha naphthylisocyanate as the literature describes.ll

(11) "Preparation of alpha naphthylisocyanate®, Die
Methoden der organischen Chemie , Bessonderer Teil,
Abt. 2, pg. 750. ' !T
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