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The possibility of aminsting alkyl halides with
urea was the prime interest of the research undertaken
in this thesis. Alkyl halides and urea react only to a
slight degree. However the reaction is rapid when

dimethylformanide is used as a solvent.

In working with compounds containing halogen on the
aromatic ring we always found the halogen to be replaced
by the azmino group. #ith alkyl halides, however, this
was not so. In the case of the reaction between an alkyl
halide and ures in a scolvent, a compound of composition
close to that of a di-alkylures was isolated and the
halide ion produced. The reaction yield was calculasted
from ths results obtained by tie analysis for the halide

ion,

There were a number of conditions which had an
effect on increasing the final yield of the alkylurea:
a. by varying terperature; b. changing the solvent;
c. length of time that the reaction was runj d. an increase

of the urea concentration in the experiment; and e. also,



by an increase in the alkyl halide concentration,

The rate of reaction between the halogens varied as

normally expected: iodide > bromide > chloride.



The work degeribed in this thesis wzs suggested
by the observation of Professor Jauss A, Bradley that
ainating alkyl halides with urea in a suitable solvent

was poaagible.

Alkvl ureas have usually been made from alkyl halides
by anronolvsis to the amine, which is in turn reacted with
Yy ) s

8,14

an isocvinate. They have also besen made by the action

of zluyl hslides on cyanates followed by hydrolysis and by

5]

other processes discussed 1

s

Lhe hody of tiiis thesis.

L4

«

Since urea is 2 solid the reaction had to be performed
in a solvent. After choosing & suitable solvent tie author

determined and established the suitable reaction conditions.

The work discussed 1n this thesis deais with reaction
conditions and on yields based on the amounts of z halide

ion found. The alkyl ureas themselves were not isolated.

1ii
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INTRODUCTION

L literature search was made to determine the various
methods of producing Nealiyvlurezs. The resulting products
consist of primary, secondary, and tertiary alkyl deriva-
tives of urca. The Tollowing are the differsnt ways

which have been uncoverad in the search.

Alkyl derivatives of urea zre compounds in which
one or more hydrogen atoms of the urez molecule are
replaced by an alkyl group. Compounds of this type can
be made by reactions similar to those used by wohler18*21’23
in the preparation of urea except that an amine 1s sube
gtituted for ammonia as pointed out by Eorﬁweli,l Siﬁgwick,21
and Wertheim.<¥

ixHB +  HedD0Q — sz\i-f}{)-&zﬁ?

By + H=NCO —= EHﬁ—CO-NHz 2k

Another means of arriving at the same results
shown above is pointed out by Davis and Blanchard? and

6

Dixon™ and involves the svaporation of the solution in
water or alcohol of an amine and nitrourea. The nitrourea

breaks down into cyanic acid and nitroamide; the latter de-



composing into nitrous oxide and water,

H2§-CD~HH¢N02 — HeUC0 + 320 + HZO

The eyanic acid then combines with the amine to form the
substituted urca as previously shown by Bordwall,l Sidgwick,21
2l

and Wertheim,

The reaction of potassium cyanate and ammonium sulfate

followed by isomerization was pointed out by Rodd:

RK-NCO + (Nﬁh)zﬁﬁh'—> 2C0: N=~NH) + KZSQQ

200+ H"mil{, — 2H21‘§»CG-»NHB

which in turn produces urea.t? This will compare with
the combination of potassium ¢yanate and a hydrechloride

salt of the amine accounted for by Hickinbottom and Szmant:
K-HCO + RiH,*HCl —= RRH-CO-NH, + KC1 10,23

Highly substituted ureas are stable to heat, and may
be distilled unchanged. However, the lowsr substituted
Nealkylureas decompose on heating resulting in polymers

of cyaniec acid and a prinary amine.lg



Yealkylursas are uniformly monoacidic bases. They
form erystalline sslts and arc hydrolysed by alkali to

carbon dioxide gnd amines.lg

Yhe deconposgition of acid azmides to lsoeysnates and
nitrogen is known as the Curtius rearrangenent. 7The
reaction s o oreperative method.

LN, —= ti=Cmg0 + 1 20

3 . iy
for isceyanates and for compounds which derive from
isocyanates such as amines, ureas, and othoers. “hen
coupled with a hydrolytic sten ths Gurtius rearrangement
bacomes a practical procedure for roplacing a carboxyl
group by asn amino groups. The overall process of converte
ing an acld through ita azide to an amine is cormmoniy
referred to as the Curtlus reaction, which is than COle
vartad to thez urea.

3;*?;‘3025{ v+ HODY, T Y= = (

ENOG + HO — IO + A 16

o 11,12,15

SJubstituted thio-urcas arce sinilarly obialined {ron

the salte of prisary and secordary amines and sodium,



> » 18
potassium, or ammonium thiocyznate.

GNH,*HCY 4+ HeRCS —= IHHCOBNH, + K01
The addition of primary and secondary amines to iso-
thioeyanate tzkes place readily with the foraation of
i, i'-gubstituted thiourcas.

Rill, + R'=iCS —= RUH-CS-NHR 20

Heglkylureas can then be prepared by removing the
sulphur from the alkylthioureas with silver salts.é

ENHuCSmRHQ +  Ags0 "*’Rﬁﬁ-ﬂ@-ﬂﬁz + AgZS

An additional method of »roducing a substituted urea
ig the reaction between an amine and chloroformamide as
pointed out by ’wfilliamsz5 and also noted by Galdwell,3

RiH, + ClCOZ‘}H2 —> RRH=CO=iHy«HCL

2

Ls stated by YWertheim, phosgene (carbonyl chloridel,

COCl,, reacts with secondary amines to form alkyl derivatives

of uraa.21*24

Cl Hellm (CH, )
+ 3’2
O = C —= Q = 0

7N

c1 Holi- (CHy ) N(0Hy )

Slotta and Lorenz reported that an Nealkylurea could



be prepared by heating an alkyl sulphate with potassium
3
cyanate and ammonium carbonate .~

CEH 3

5

w050 =0 + 2K-NCO + (ud
0-50,-0-C,, 1, 2K-HC0 { #)2&:}

— Zczﬂﬁﬂﬁntemﬁﬁz * Kzsoa + Hzﬁ + 602
The following section gives a complete account of

the author's laboratory work and experimentation.

As the work progressed it was lmportant to note the
effect that the quantity of the halide had on the guantity
of alkyl urea produced, This was investigated by observing

the reaction of smell and larpge amounts of reactants.

Particular attention was given to the effect of the
structure of the alkyl halide on its activity in the

reaction.



EXPERIIENTAL

LA. Taterials

ls Preparation of n-alkyl bromides. The method

used Lo make the primary alkyl bromides was that of
reaction with HBr, made from primary alcohol, potassium
browide, and sulfurie acid. The alcchol wins welghed

into the flask, which wis equipped witsh a stirrer, reflux,
and draw-off condenser. The sulfuric acid (98,8 percent)
and potassium bromide in a mole ratio of less than one

(acid/¥Br) were then added.

The reactants were heated to the boiling point of
the alkyl bromide. The reactants were refluxed and the
n-alkyl bromide was distilled off to a close temperature
range. /hen the tenperzture of the mixture rose sliphtly
above the desired distilling temperature the reaction was
stopped so as not to contaminate the collected alkyl bro-
mide. Initizally the stirring was kept slow until the
reaction was started. From this point the agitation was
made moderately brisk. One gram mole of alcohol was

7

used to one gram mole of potassium bromide,

Zs  Preparation of seceondary alkyl bromides. Practi-




cally the same method was used to produce the secondary
alkyl bromides; from secondary alcchol, sulfuric acid, and
potassium bromide. This reaction called for an acid to
potassium bromide ratio of less than one. The reaction
called for acid of less than 70 percent. The quantity

of aecid used was 1 mole HgSGb, which was put into a

flask. One mole of the secondary alcohol was then added
and 1.05 mole of fine grain potassium bromide in portions,
with swirling. The mixture was warmed and allowed to
reflux a short while until the secondary alkyl bromide
was formed., The pure bromide was colliected over the

7

boiling range.

3. Preparation of iso-butyl chloride. Alcohol

and hydrochloric acid in the proportions of 0.5 moles of
alcohol and 1.5 moles of acid were zdded to the reaction
vessel. To this mixture was added 0.8 moles of anhydrous

zine chloride with agitation. The mixture was heated to

reflux. The isocbutvl chloride was purified by distillation.

Le Preparation of tertiary butyl chloride. Tertiary

butyl alcohol (0.5 moles) was shaken with 1.5 moles of

hydrochloric acid (specific gravity 1.19). The products

7



separated into an orpiviic phase and an inorganic phase.
The organic phase, being on the bhottom, was ssparsted by
means of the separztory funnel. The orgsnic phase was
then washed with ice cold water three different times in
order to remove any impurities. It was then neutralized
with a cold 5 percent solution of sodium bicarbonate
until neutral to litwus paper. The tertiary butyl chlore
ide was cloudy dus to the presence of water. The product
was then shaken with anhydrous potassium carbonate to re-

mnove the watar.7

1, Determination of selubility of ures and butyl

bromide in solvent. Five grams of ures and six grams of

dimethylformaride (approximately 1l:1 mole ratio) were
placed in a lsrge test tube and stirred until the urea was
partially dissolved. The urea would not completely
dissolve by stirring. Upon warming the mixture to 80° C.
the urea dissolved. Upon cooling to room tempsrature the

urea then separated frow the selutian.z

By a similar procedure, with 80° C. as the tempersture,

a solution of ures and dimethylformamide was made. Five



equal samples of five cubic centimeters of each were placed
in ten centimeter graduzted cylinders. To the five samples
was added one, two, three, four and five cubic centinmeters
of n~butyl bromnide respectively. The mixtures were gtirred
and the separate layers observed, The mixturss were heated
glightly in a warm water bath with stirring. Again the

separation into layers was observed and a comparison of

the results are shown in the Appendix.

2. Amount of halide present in reaction. Two

geparate experiments were run to determine the effect of
varying the number of moles of the alkyl halide on the
reaction. In the first was placed one ml, of n-butyl
bromide, five grame of urea, and ten graas of dimethyl-
formamide in a test tube. In the second test tube was
placed two ml. of n-bubyl bromide, five grams of urea,
and ten grams of dimethylformamide. Both were heated for
one hour at 100° C., The solution was then diluted with
distilled water. The percent amination was determined

by analyzing the mixture.

3o Amination of alkyl halidss. The basic reaction

of amination may be assumed as taking place between the

halide and urea (ﬁﬁzceﬁﬁz),
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+ CO(NH,_ ) — C I
C H, . Br + CO(IH,) c H

HICO i, *br,

2ntl

giving an ne-alkylurea hydrohallide. The mechanism of

the reaction is being studied, but it is not yet completely
understood. A considerable amount of ammonium halide has
been found as a byproduct. This cannot be explained by
assuming thermal decomposition of urea, since it can take
place at temperatures below the decomposition point of this

¢compound.

The method of synthesis is as follows: first, the
alkyl halide was weighed, 0.015 mole of it, to the nearest
milligram, and placed in a glass test tube. Into tae
test tube ware then welghed the solvent, H,W'=dimethyl-
formamide (10.0 grams to the nearest tenth of a gramj, and
the urea (5.0 grams to the nearest tenth of a gram). An
air condenser was attached to the tube to prevent loss of
reactants upon heating. Heating of the mixture was
accomplished in a constant temperature bath (56° C., 30° C.,
100® C,., 132° C., andfor 155° C.}. The mixtures were

heated for various time periods.

If necessary, the rcactants were mixed by shaking

the test tube slightly to ensure proper mixing, since a
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uniform solution was not obtzined in every case. They

were then replaced in the c¢onstant temperature bath and
heating was continued., After the heating period the product
was transferred to a beaker with distilled water or directly
into a volumetric flask containing approximately 100 cc. of
distilled water and the flask was filled to tlie mark

(500.0 ml.,). 1In case a beaker was used, a cuantitstive
transfer by distilled water was ensured. In a vster
solution the alkylurea hydrohalide ionized as follows:

H?m-.(:{‘;-zmz-z«ix —_ azéﬂ-co—;\fﬁz-ﬂ* + -

For the analysis a 50.00 ml. sample was transferred
to a clean beaker, to which was added a small amount of
water to decrease the volume. This solution was titrated

with a standard silver nitrate solution.

The halide ion was determined using, at various times,
two techniques: (a) the Fajan's adsorption method with

Bosin? and (b} the Volhard method.?

The Fajan's method of determination of the halide
worked very well with the lower carbon chain compounds,
Ca, CB‘ Ch' ete. However, with the high carbon chain

compounds, such as lauryl bromide, there was some inter=
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ference when titrating., ‘/hen dissolving the reaction
mixture of the lauryl bromide, a small amount of
precipitation formed., A fazlse end point was observed
on tie precipitate. The usual sharp end point was

hard teo distinguish in this case,

The Volhard method of analysis gave good results
in 211 czses and wes therefore used throughout the

remz ining study.

The percentage of reaction was obtained fron the

equations:
Percent Heactlion = MAgVAglG‘B X %OO b'd iGQ wosin Method
8 Br
R -3
Volhard fethod
%OO *x 100
Xs Dgp

Vg = volume of sample titrated in ml.

npy = molar amount of RBr put through reaction.



DISCUSSION

It has been shown by Craver and Bradley in work
done at Hewark College of Engineering that the use of
urea in the amination of aryl halides resulted in tue
formation of aryl amines.a With alkyl hzlides this was
not so. In the case of the resaction between butyl bromide
and urea in the solvent X, li=dimethylformamide, the product -

isolated was M, 4=dibutyl urea.

As previously mentioned, the study did not involve
the isolation of the products. However, the investigation
did involve determination of reazction rates and yield
(shown in Fipures III to VI in the Appendix), also the
effects of the variation of the type and amount of solvent
present in the reaction, the temperature, the guantity of
reactants present, and the time of the reaction. Along
with the various primary alkyl groups, a number of
different carbon radicals (benzyl, allyl, and secondsry,
tertiary, and iso-alkyl were combined with uresz in the

research project.

Alkyl bromides and urea will not react by themselves,
Therefore the task undertaken in this research project
would have been impossible without the use of z zolvent

in which the components could react.
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At the very beginning the solvent used in the reaction
was acetamide. Later the gelection of a new solvent was
initiated. At this point the solvent was changed to
{{, H=dimethylforzamide since the reaction had to be run at
a higher temperature than the melting point of urea (132° C.})
This high tenperature was used to ensure a proper reaction
mixturc. However, the hipher temnerature resulted in
complicating the reaction by decomposing the urea into
ammonia, biuret, cyaniec acid, eyanuric aclid and others
when acetamide was used as the solvent.t> In addition
it was also necessary to have a solvent which would ensure
a homogeneous mixture at the new reaction tempersture of
100° C. and since the U, H-dimethylformanide was a liquid
compound at room temperaturel? and could dissolve all the
urea at the reaction temperature it was 2 sulitable solvent

to use throughout the rest of the work.

Once the solvent was chosen the conditions needed to
obtain the greatest yield of alkylurea were determined,
In order to increase further the percent yield of the
alkylureaz it was considered advantageous to increuse
the ratio of the solvent in proportion to the ures. As

the project advanced the asount of solvent was increased
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to 10.0 grams of the N,N-dimethylforramide to 5.0 grams
of the urea. The increase in the solvent brought about

a rise in the yield of the alkylures in the reaction.

The rate of the chenical reaction increased rapide-
1y with the rising temperature, As is well known the
reaciion rate increases when the temperature is ine

17

creased.

At the start of the research, upon using 2 high
temperasture, the reaction rate was extremely rapid.
By the time a high yield was reached, the reaction rate
naturally tapered off until only & small increase in
yield was detectable with additional time. The reaction
rate became slower due to the low concentration of the
remaining alkyl halide and consequently a reduction in

the rate,

Figures I and II illustrate the Yield versus Time
for reactions at high temperatures when the indicated

alkyl halides were used:
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Figure 1 - High Temperature Reactions of Alkyl Bromides

(Constant Temperature - 155° C.)
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Figure I1 - High Temperature Reactions of Alkyl Bromides

(Constant Temperature - 132¢ C.)
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A decrease in the temperature reduced the rezction
rate of the alkyl iodides, bromides, and chlorides
proportionately the same in relation to the yield., The
iodides reacted readily, the bronides next in the degree
of completion, and the chlorides reacted lesst readily

of the three.

Usually a constant amount of reactants were used
throughout tite study. The amount of alkyl halides used
was .01l5 mole and the urea ten times as great in guantity.
The great difference in gquantity would seem to push the
reaction to completion in a shorter time period. This
was not the case. 7The rezction progressed at a definite
rate showing differentiztion only with time and tempera-

ture (as indicated in the Appendix).

In one phase of thes resesarch the quantity of 2lkyl
halide was varied. It was considered important to deter-
mine the effect that the cuantity of the halide has on
the amount of the alkylurea produced. This was investi-
gated by observing the reaction rate of both lsrge and

small amounts of components,
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Studies were made of the influence on the reaction
rate of factors reluting to thie size and structure of
the alkyl group: such as, the presence of 2 normzl or
branched chain; primary, secondary, or tertiary structure;
and the presence of a ring of unsaturated linkage. The
results of the study are shown in Figure V1I of the

Appendi x.

In the foregoing section the two methods of analysis
used in the determinzation of the halide were {a) Fajan's ad-

sorption metiiwd and (b} the Volhard method.

Starting off with the alkyl bromides and chlorides
noe problem occurred with the use of Fajan's method of
analysis. However, with lauryl bromide, alkyl iodides,
and secondary, tertiary, benzyl and allyl compounds, the
Volhard method was used to overcome complications and

false end points obtained when using the eosin indicator.

The complications arose when a slight precipitate
in the form of a cloudy or oily substance collected when

the resction mixture was dissolved in water. This precipi-



tote interferraed with the titrations 58 o result

T

anproxiyately holf of the reagtions werce inalyvzed

uging the gosl s thoe indicator and the resainder

o
e

were anailvsed following the Volhard method.

T



CONCLUSION

This research project was begun to prove that the
reaction between normal, secondary, or tertiary alkyl
hzlides and ures could take place and would produce re=-
sults whcen analyzed for the product. Analysis was run on
the free radical of the halide present, after the reaction

had taken place.

The final choice of solvent was necessary to produce
the best results. When N,Hedimethylforramide was used,
the reaction mixture not only was made uniform but the
urea also dissolved completely and the reaction occurred
at & teuperature of 100° C, without any resulting complica-

tionss

in increase in the solvent increased the yield of
alkylurea, while the increase in temperature increased
the rate of the chemiecal reaction. On the contrary,
the hirher temperatures merely complicated the decomposi-
tion of the urea and made it impossible to continue success-

fully with the experiment.

The azmount of halide present increased the yield

twofold by doubling it. The more urez used, the greater



the yield. This follows the theory of equalibrium
in wnich the unbalanced condition drives the reaction

to the other side to achieve a balanced state.

Holding a strict molecular quantity or relative
quantity between the halide and the ures along with the

solvent decreased the reaction rate with time.

When the number of carbon atoms in the molecule

decreased, the percent yield rose as shown in Figure LIL.



APPERDIX

Table I

Bata for imivation of Alkyl EBromides

Urea = 5.0 grams - 0.0833 moles
i, Nedimethylformamide «~ 10.0 grams « 0.137 moles

Yormality of AgNOB - 0.,1002
As ne-ifthyl bronide

Wt Tinme Temp. Ml e
(Crms.) loles  {Hr.) ° ., {AgNO3) Amin,
1.6350 +01500 2 100 11.90 79.6
1.8150 01664 L 100 14.75 88.5
1.6460 +01510 6 100 14.60 G6.9
3, n«Propvl bromide
1. 8600 L01515 2 100 9,90 65,
1.8530 «01507 g 100 11.85 78.8
1.4550 01510 100 13.57 90,
C. neButyl bromide ,
20655 L01520 2 100 9.90 59.3
2.0980 01530 3 100 10,25 674
2,0313 «C1L95 4 100 10,70 'y
2.,0641 01506 6 160 12.05 8.5
2.0556 01500 8 100 13.65 9l.5
D, n-imyl bromide
" » X 2 100 g.28 53,7
243485 01500 L 100 10,23 68.1
23174 01485 6 100 11.49 77.;
2.3610 «01510 8 100 13,83 91.0
. n~Hexyl bromide
oh LCl4 2 100 Tty 5044
245560 01548 L 100 10,14 65.7
246350 01590 6 100 12,15 7643
2.4365 01475 8 100 12.90 87.7



Table I (Cont.)

Wt Tine Tempa Sl
{Grmgs. ) lioles (5r., ) ° . (AgﬁOgi Aming

¥s n-ileptyl bromide
el » !}g 100 6'30

2 L3.2
245500 <U14L50 4 100 8423 57.0
2.5850 +OlL45 6 100 10.85 752
2.5L380 01390 8 100 11.90 86.0

Gs n-0ctvl bromide

28729 <1590 2 160 5,00 3347
3.0130 01560 N 100 T+75 L3O
285730 01475 6 100 2.10 6l.7
2.3880 01497 8 100 12,10 8l.2

He n-Decyl br%midg

3 2

3.4010 01535 L 100 4.67 31,2
34510 +01557 6 100 7.16 56,0
3.3450 01512 8 100 G.52 63,0

1 n-Lauryl bromide

3.743 «O145 2 100 1.95 1343
345320 +01417 L 100 2.60 18.7
3.7060 01485 g 100 L. 60 31.5



Table LI

3

tata far fmination of Ally

rrang - U.U833 roles
ethiyiforsanide = 10,0 grans - (0,137 oles
1y ﬁ?ﬁQB - (1002

e Dbyl iQ?}.Q@

B rE L T e vt
Tt Time L8 .
o, A o )

2.7600  JG1501 8 20
2.815¢  .01525 2 100
27720 W01502 i

3ab ?u() .61685 4L 30 10. SG Ghed
31250 01475 & 20 10,60 7R.0
341550 «01459 2 20 11.30 78,0

Cy ;*QCuyl indide
: e t015ﬁ5 2 10& 9-55 Q;ﬁ‘{:’
325010 01497 4 100 11.95  72.9
#0168 6 100 129 B8543
536210 «C1531 2 160 LG 93,0

EAVS
*

T
2
POV
R
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iable 111
Data for Amination of flkyl Chlorides

yrea ~ 5.0 prams - (.04533 =0les
‘dlﬂuﬁﬂYlLOPWaliae - Iﬁ.u rracs - G137 nlese
u-riﬁ’giwy C}i «:i &33 - U }{.}&72

© Cw §gﬁﬁﬁgj ALYy
12500 «L1383 2 100 (ei3 Gl
le 3313 1503 5L 100 1.04 gD
L Bu* 24 a(}lﬁ-qﬁ 6 160 1031 Seiif
144340 wO1542 iC 100 170 1i.00
7‘ : 35 2 100 0e53 3456
3,. ;’%*af“ 2 OLE25 h 180 La75 he93
3{:}) ni.:lly?.v{} ) 160 1*6{: 3;}?‘
1‘8Qﬁﬁ L1501 16 100 1,22 Aelh
Ly neligtvl ﬂhlariaf
2e23/C  WO15100 2 100 0,11 Ca735
Ze3125 015555 4 100 Uel? 1.0%0
DelhEE L15150 & 10C a2 1.86
23010 01356060 1G BRGS Dabd hel(
e ne=Lauryl chloride
T 3.0275  W01380 2 100 (e 20 Leh5
3. 0800 «D1405 i 100 Cell Ca7l2
3.%@35 1370 & 100 U.10 Ce73
2.013C <1375 10 100 Ce32 733
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3 ¥, T
Canle TY
AL e Y

Dota for Aminatiorn of Uhlorides

4‘e - 5.0 rrang « (0833 mole
: ”-f?W&*nvlforﬁﬂmiﬁﬁ - 10,0 ¢ aﬁ- - U137 moles
Karnaéity of ipii0y - 0,100

fe. ispetutyl chloride

e

e Tie Te D ot
(Grms.) oles fiire) ° 8; Andination
1.3560 L01465 2 100 L4367
1.,3280 ,01517 L 160 4307
100 .18 1.10
100 050 335

100 11.48 775

100 12,80 6Ll

108 13.75 T3

160 La 40 R9¢5

100 772 4048

140 Fely3 6349

100 1lads 775

! < 100 750 49625
1.85L0  LOLLES L 100 10,34 7Ce7
1.8360  ,01450 & 160 11.85 2le
1.8510 LO1455 g 100 13.2C 91.0



28

Table V

Data for Amination of n-Alkyl Bromides

Urea - 5.0 grams - 0.0833 moles
Normality of Agh 3 - 0.1002
Key to Solvents:

A - Acetamide

D = H,Nedimethylformamide

Alkyl Bromide Solvent Time  Temp. Ml. i

Wt.(pm,)-moles prmg.-moles (Hr.) ° Cs (Ap:05) Amin,
C), ~2,0744-.01512 (D)5,0-.008 8 155 13.80 91l.4
Cg =24476 =.01499 (4)5.0-.085 8 155 11.37 7642
Cg =2.4786~.0150 (D)5.0-.068 8 155 14470 93.0
Cg ~2.897 =.0150 (1)5.0-.085 8 155 14.30 95.6
38 ~249033-.01505 (D}5.0-.068 8 155 14.39 96.1
C10=3+3180=,01505 (D)5.0-.068 8 155 14.96 99.9
Cg =2.2245-.0136 (D)6.1-.084 1 155 13.10 97.3
Cg =246300-401595 (D)6.1~-.08% 2 155 15,70 98,8
Gy2~3.8290-,01535 (D)6.1~.084 1 155 8.07  52.6
C1=3+7110-,01490 (D)6.1~.084 2 155 12,18 82,0
Cg =Re4510-.01485 (D)6.1~.084 2 132 14041 97.3
Cy =2.5036-.01515 (D)}641~.084 1 132 14.365  95.0
Cyq =2.8310-.0147 (D)6.1~.084 1 132 11.052  75.4
Cg ~2.8240-.01465 (D)6.1-.084 2 132 14.00 95.7



Table V {(Cont,}

Alkyl Bromide Solvent
‘telgmel=nples  grms.=imples

slgu3.263~.01505 (1:}7e05«,057
C1g=3eR550=001400 (D)7.05=4C57
Cygm3e2027-401446 (D)7.05-4097
Gyn=3e7820-.01515 (11)9,00-,123

Time  Temp., Mle
{Hre} 2 C. {ﬁgﬁﬁaz
1 132 54065
2 132 84205

3
4

132
132

1223
Da bl
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33.8
5546
Bhe5
62,1



Percent Yield

Figure IIT

Amination of Alkyl Bromides

Temperature 100° C
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Figure IV

Amination of Alkyl lodides
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Figure V
Amination of Alkyl Chlorides

Temperature 100°¢ C
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Figure VI
Amination of Chlorides

Temperature 100® C
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SAMPLE GALCULATIONS

Percent Amination - n-Butyl bromide (i - 137,03)

Weight - (n-Butyl bromide) used - 2.0641 grams
Total Volume of Solution « 500.0 ml.
Sample used ~ 50.0 ml.

Bogin -
Percent Reaction = (N Ag Ag )10"3 x 500 x 100
Ve N
= {0,1002)(12.65)10™3 x 500 x 100x137.
#32 * ApxAl0d
= 3405%
Volhard -~

Percent Reaction = (Nﬂgvﬁg - Cu% GN@)lO"B X
2_* X 1nglg£ 03
= ga.lﬁazzglgzoog = {(.1048)(2.20) x
0C x 10Oxl1 Q
%ﬁ‘ ~*§75§§i~3

= 8405%

Vg = Volume of sample titrated in ml.

ng.= Molar amount of RBr put through reaction.



3.

Lo

6.
7

8.

9

10.

11.

13.

14,

15.

BIBLICGHAPHY

ﬁordzell F. G,, Organic Chemistry, “acmillan and Co.,
1963.

Bradley, J. A., Private Commurication, ilewark Collepe
of Znﬁineerlnr, 1964.

Calémell Organic Chemistry, Houghton~ifflin Co.,
Hew Iar@ 1942, v

Craver and Bradley, Hewark College of Engineering,
1962,

Davis, T« L., and Blanchard, i. C., J. Amer, Chem. Soc.,

51, 1929,
DiXGn, ﬁlo Ec, J. Cherﬁu ﬂ‘QCC’ _61, 1895‘

Fieger, L. ¥,, bExperiments In Organic Chemistry,
Heath, boston, §§§§.

French, H. £, and ¥Wirtel, A. F., J. Amer. Soc., 48.

Furman, Ye He, Scott's Standard ,etheds of Chemxcgl
Anal%sis, ;{f h Bdition, volume i D Van festrand,

New York, 7 e
Hickinbottom, %. J., Heactions of Or%E Shewdsgrx,
Longmans Creen and COv, INCas, N or

111, G., and Kelly L., Orpanic Chezistry, 3lakis-
ton and Co., Philadelphis, 1943.

Hofmann, A. ¥., Ber., I, 1868,

Tucas, He Jeo, Organic Chemistry, Second sdition,
American Book Company, New York, 1953.

Yarvell, &, W., and Logan, A. V., Chemiczal Propertics
Of Organic Compounds, An Introduction, Wwiley and OSons,
Tew York, 1955,

soller, C. ®., Chemistry Of Orgzanic Compounds, Saunders
phxla@elunll,‘iﬁﬁgf““x E— ’ ’



37

16. Qrganic Reasctions, Volume III, Koper Adaws {Ld. in Chief)
“iley and Sons, Inc., Hew York.

17. angineers' Handbook, Third

wew York, 1950.

k»
-

18. Rodd, E. H., Chemistry Of Carbon Compounds, Yolume
Elsevier PuEIishing Compzany, Houston, 1951.

S

19, Rodd, Z. He, Chenistry of Carbon Compounds, Volume I
Elsevier Publishing Company, Houston, 1952,

I

20. Salkowskl, Per., 26, 1893,

21, Sidgwick, M. V., The Qrganic Chemistry Of Litrogen,
Oxford Clarendon Press, london, 1937.

22, 3lotta snd lorenz, Der., 58, (B), 1925.

23. OSzmant, . H., Organic Chenistry, Prentice #dall,
fl § 3 i -
inglewood Cliffs, 1057

2L, Vertheim, L., Textbook of Orgenic Chenistry, Blakiston Co.,
Philadelphia, 1945,

25. WwWilliams, f. &., Syanogen Compounds, Arnold & Go.,
London, 1948,




	Copyright Warning & Restrictions
	Personal Information Statement
	Title Page
	Approval Page
	Abstract (1 of 2)
	Abstract (2 of 2)

	Preface
	Acknowledgement
	Table of Contents
	Introduction
	Experimental
	Discussion
	Conclusion
	Appendix
	Bibliography

	List of Tables
	List of Figures



