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NITRODUCTION

It was Emll Flxcaer and his assoclates that carried out
the first extensive work on compounds containing the purine
nucleus, His investigations led to the final decision
regarding the structure of uric acid, both by its synthesis
and by i1ts reactions. He synthesized all of the mono, di,
and trimethyl derivatives of urlc acid that are possible by
the theory of structure expressed by the forrmla suggested
by Medicus in 1875, and proven by Fischer himself later,
Finally he converted uric acid into purine, which contains the

nucleus common to caffeine and related compounds,

7
0= - N~ H HeCg O = - H
E l ::>O L) z 2;;203~ H
H e - w N w» H 3'.-4- 9
Uric Acid Purine

CHS'- ? - g = 0
0= 9 ?\- N ‘CCESH
CHy N« C =N
Caffelne
Caffelne is of interest to study, because of its occur-

ence in the two most common beverages, tea and coffees, and
its physiologlcal effect when taken internally., It has a
pronounced effect on the nervous system, it stirmlates the
heart action and 1t 1is a strong diuretic, It 1s possible, by
comparing the physiologlical actlion of theobromine, theophyle
1line and caffdine, to show that their different effects on
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the system are due to introduction of alkyl groups, in this
case methyl, into the purine nucleus,

It 18 not caffeine itself that interests us in thia work,
but rather certain derivatives of caffeine, particularly the
B-chefs of caffeine., The purpose of this thesis will be to
accoriplish the following aimss

1, The attemptéd formation of 8-alkyl caffeines by a
process reported by Winston F. Allen from this laboratory.

2, The preparation and properties of certain new
caffeine ethers. |

3¢ The atterpted molecular rearrangeﬁent of those pre=

pared ethers,
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HISTORICAL

A. Early wérk on caffelne-ethers,

In the course of Fischer's extensive, experimental work
on compounds of the puriné type, he preparéd only two of the
8-others of coffeins, S-methoxy, and 8- ethoxy-caffeins.(l)
Fischer prepared these ethers by heating 8-chloro, or 8-bromo-
caffeiﬁe in a methyl or ethyl alcohol solution containing an
excess of sodiunm or potassiumualcoholate. The alcoholate was
made by adding elther the metal or the hydroxide to the alco-
hol., Later W. Wislecenus‘®)  and H., B11tz(3) repeated this
wWOork, | |

(4)

A. Baumann went farther than this in preparing fif-
teen 8-substituted-phenyl ethers of caffeine., His method
consisted in heating 8=-chlorocaffelne with a substituted

phenol in the presence of an equivalant amount of potassiun
hydroxide. He was able to carry out the reaction in aqueous
solution with refluxing and under pressure at high temperatures,

In some cases he found that xylene vas more satisfactory as a

solvent, in place of the water,

B. The work of Huston and Allen(s).
1, General mothods of preparation of the 8-ethers of
caffeine,
In 1932 the work on the preparation of sixteen
8-ethers of caffeine was completed in this laboratory. Nany

of these ethers were new compounds. The use of both 8-chloro
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and 8-bromo-caffeine was employed, with 8-chloro-caffeine
being preferred in most cases due to 1ts ease and economy of
preparation,

Clean rietallic =sodium was cut into small pleces
and added to enough absolute alcohol to permit the resulting
alcoholate to readlly dissolve. The proportion was generally
about 1 gram of sodlum to 6 mls, of the alcohol., Vhen the
sodiuma had entirely disappeared an equivalent amount of the
8-chloro=-caffeine was added and shaken well, This mixture
was refluxed on a steam or o1l bath for one=half to five
hours, depending upon the speed of the reaction. The sodlum
chloride was removed from the hot solution by immediate
filtration, Some of the lower alkyl caffeine ethers crystal=
lized out of the alecohol solutlon very satisfactorily when
cooled, However, some of the higher ethers would not give
good orystallization unless the solution was concentrated to
& smaller volume. This was done by vacmm distillation, in
order to kcop the termperature at a minirmm. In some cases it
was necessary to add an equal volume of water to the concen~-
trated solution to obtain complete crystallization, Recrys-
tallization was best carried out fr?m 40 to 50 per cent ethyl
aloohol, ZEach ether seemed to offer its own particular
problém where the hicher alkyl groups were concerned., Those
ethers which Allen prepared will be taken up in detall later,

2. Reactions of the 8rethers of caffeine,
(a) Formation of hydroxy caffeine or l=3=-7 trimethyl-
uric acid(s }
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It was found ti:et {iie E-ethers of caffeine would
form hydroxy-caffeine by two methodst

(1) By hoating the ether in a closed tube at
hizh terperatures. Uslng thils method it was possible to
obtain hydroxye~caffeine from all of the ethers to some extent
except 8-phenyloxy~-caffeine and 8-para=hydroxy-phenyloxy=
eaffeine. 8-lethoxy, 8-benzyloxy, and 8-phenyl-ethoxy-saffeine
gave very small amounts of hydroxye~caffeine,

(2) By heating the ether with dilute hydroe
chloric acid(s). Hydroxy=caffelne was formed by the treatment
of the caffeine ether with five parts by welsht of 10 per cent
hydrochloric acid in a flask, heating the mixture on a steam
bath for twenty to thirty minutes. The ether grﬁdually went
into solution, and when the reaction had gone well toward
completion the hydroxyecaffeine separated out while the
solution was still hot, Upon cooling long slender needles in
olusters formed, These crystals were filtered off, the fil-
trate made almost neutral, and concentrated down to nearly
one-fifth of the original volume, thus a second crop of
crystals were obtained. The entire product of crystals was
recrystallized azain from hot HOH or alcohol,

This reaction seemed to be typical of the
8-alkyl ethers of caffeine, The basis for this stateoment lies
in the fact that hydroxy-caffeine was formed from the alkyl

ethers up to and including n. kheptyloxy~caffeine, in some

cases readlly. It was further found that the two phenyl alkyl
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ethers of caffelne prencred by ITuston and Allen would form
hydroxy=caffeine in the same manner, Phenyloxy and p,
hydroxy=~phenyloxy=caffeine would rnot be converted into hydroxy-
caffeine by any nethod however,
{b) llolecular rearrangenent of the 8-ethers of
caffeing%tetra~alky1-uric-aoids(5).

The second reoaction that Fuston and Allen found
in the caffeine ethers was & less general reaction, It con-
sisted of the molecular rearrangeanent of some of tho 8-alkyl
caffelne ethors to the corresponding alkyl substituted uris
acid. It was reportod, however, thet only five of the pre-
pared ethers would give thls rearrangement,

In repeating the work of Biltz and his co-work-
era(v’ on the molecular mearrangement of 8-methoxy and 8-
ethoxy caffeine to tetra methyl, and trinethiyl 9-ethyl-urie
aclds, 1t was found that the rearrangement would talie place
a8 reported in q_closca tubo at temperatures up to‘250°c.
Iuston and Allen went furtiier, however, and found that thils
rearrangemnent would take place better in an open tube heated
in a paraffin bath,

The general procedure followed was as follows:
From two to five grams of the caffelne ether was heated in
either a closed or an open tube at temperatures from 240° to
305°C. for enywhere from 4 to 18 or :ore hours, In the course
of the reaction it was found that the tube contents often
formed a s0l1d mass and a readily vaporized liquid after the
heating had been continued for two to three hours, The solid
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substance was thought to be hydroxy-caffeine., Varying
amounts of hydroxy-caffelne were formed with the rearranged
product.

The trimesthyl 9-alkyl-uric acids were separated
from hydroxy=caffeine as well as any unchanged caffeine ether
by boiling the product with 10 per cent HCl,and then after
evaporating to dryness tiie residue was dissolved in a small
quantity of hot water, The solution was carefully neutralized
with barium hydroxlide solution, forming the insoluble barium
salt of the hydroxy-caffeine, Once more the solution was
evaporated to dryness., The residue was extracted with
ﬁeveral small portions of hot chloroform. The soluble tri-
methyl 9-alkyl-uric acid was thus taken off, leaving the
barium salt of hydroxy-caffeine, After distilling off the
chloroform, the tetra methyl uric acld remsined in a very
pure state,

Thﬁso ethers which would rearrange follows
1l -« 8-methoxy~caffeine. Up to 95 per cent rearrangement
elther in the prcsence of a suall quantity of absolute methyl
alcohol, or without 1t, in a closed tube, or better In an
open tube, at temperatures up to 360°, The best conditions
for rearrancement were in an open tube at 240-250° for a
period of four hours,

2 « B8-ethoxy-caffelne. Equal amounts of the dry ethoxye
caffeline and absolute ethyl alcohol were heated in an open
tube at 245-255% for eight hours. These were the condltions
for optimum yleld of the rearranced product, which amounted
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to 51,2 per cent of the theorotical,

3 « 8-n¢ propyloxy-caffeine, To obtailn optlimum rearrangenent,
thls ether had to be heated for ten hours at 260-270° in en
open tube., At the end of this period the olly liquid residue
was rcnoved with hot water, clarifled with animal charcoel,
and then any hydroxy~caffeline or unchansed ether was removed
by the bariun hydroxide method.s A 35,5 per cent yleld was
obtalned,

4 « 8-allyloxy~-caffelne, Due to the fact that this was an
unsaturated ether, it rearranced readily. By hecating In an
open tube at 170-185% for four hours, a maximm yield of 53.8
per cent trinothyl 9-allyle-uric acid was'obtainod. izher
temperatures or longer heating lowered the &ield.

5 « Benzyloxy-~caffelnse., The ether w«s heated iIn a clossed tube
et 200-205° for ten hours for a maxirmua rearrangement of 50,0
per cent to the trimethyl 9-benzyleuric acid,

Thosc five caffeine ethers were the only ones
that Hugston and Allen could cause to rearranse, By using
nore drastic heatling, ovor longer periods of tlme, it was
found that tle result was elther the formation of more hydroxy-
caffeine, or else decompositlon of the ether into unrecognige
able substances. Thua there seerned to be a temperature at
which thefe was a maxirmtn of the rearrangod product formed,
and at viilch there was a minirmm of decomposition products
and hydroxy-caffeine formed,

The five rearranged products were nore soluble
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in alcohol and water tihwan were the original ether corpounds,
A1l of them nelted at termeratures highor than did the
corresponding ethers, All except trimethyl 9 benzyleuris
acld sublimed when lwated above thelir melting points., They
possessed a nore bitter taste than the ethers, In contrast
to the original ether compounds, they were very stable tow&rd
hot dilute HC1l, but véry easlly decormposed by dilute alkali,
All gave a pronounced murexidé reaction.

They report 1t impossible to bring about a re=
arrangement in the ethefa having a phenyl group attached
directly to the oxysen on the eighth caffeine position, or
having two carbons betwecn the benzZene nucleus and.that ox'éan.

(¢c) Formation of the 8—a1ky1~oaffeines(15).

In this laboratory Allen reported on the prepar-
ation of certain of the 8-alkylecaffelnes by two methods,
Each procedure conslsted in the pyrolyse of caffeine com=-
pounds, They are as follows: |

(1) The conversion of the 8-alkyl etliers of
caffeine to 8-methyl and B-ethyl caffeine by heating in the
presence of alityl acid anhydrides, f‘he probable equation for
the reaction 1s

015131!- =0

b = 8R + 0= (COCHz)p 260 = 270%
CHg~N = C = K Z=5 Thours 7

|
0=¢ E - Nae CHy  + R = COOCHz + COgp
N






™Mo 8e-nothylecalfelno was prepared by heatling 2 gr.
anhydrous alkylecaflolne cthor with an ctcess of ccotilc
anhydrlde, This was done In a soaled tube at 200 to 270° for
from 4 to 5 hours, After coolin;, the digso’ved contents of
the tube were washed out with hot alcolwl and evanorated to
dryness on a stea:1 bath. The rosidue was dissolved in 100
mls. of hot water and then clarifled bLy bDolling with aninal
charcoal, The flltrate was concentrated to 10=-15 mls, and on
coolinz, the 8=-methylecaffelne would separate oul, 7ho pro-
duct was recrystallized out of 95 per cent oleohol, The
resulting whilto, thin platetets were then dried at rom
toporature and finally at 100° for five hours.

8«-Lthyl=caffelne was prepared using the sanie pro-
codure as for 8-methyl=-caffelne, lowever, it was necossary
to heat the reaction mixture at a considerably hiflier torper-
ature to obtaln the desired products As a result of this
hich temperabture considerable giounts of hydroxyecaficine were
found, This was soparated from 8-ethyl caffeine by the barium
hydroxide nethod, precinltatling the hydroxy=caffelne as the
barium salt, and extracting the residue with hot chlorofrom,
This solvent was rcnoved and filnally the product was re-
crystalllized from alcocohol,

(2) The formation of 8-ethyl=cafieine from hydroxy-

caffeline,
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CHs"'II‘I-clgo

0 =C ﬁ - N = CHy +0 (0CCoHglg ___
| = OH

CHz = N = C = N4p

COz*CHs-I'I-?
-9 3§
CHy = N = C = N7

= 0
- N\:nggﬂs + CpHg=COO0H

Anhydrous hydroxy-caffeine was hoated with an
excess of propionic anhydride., The temperature was ralsed to
360°, at which time the furnace vwus shut off, The blackened
contents of the tube were washed out with hot alcohol and
evaporated to dryness, The dissolved product was clarified
by bolling with animal charcoal in water, from which after
filtration the 8-ethyl-caffeine was crystallized. Allen
reported that a temperature lower than 360° was not sufficient
to convert the hydroxy-caffeine to ethyle-caffeine, Further,
he found that allowing the reaction to take place in the
inert gas, nitrogen,did not result in an increased yleld. 1In
fact the yleld was decreased,

He concluded then that a temperature of 350° main-
tained for thirty minutes, or 355° for twenty minutes resulted
in a maxirmm yleld of 8-ethyle=caffeine,

(3) Formation of 8-alkylecaffeines by pyrolysis of
8-propyloxy~caffeine with alkyl ethers,

Aller reported that by heating n, propyloxy~caffeine
with an excess of n. propyl ether in a closed tube at 300-3050
for eisht hours, he obtained 8-ethylecaffeine with a 37,5 per
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cent yleld. Iilere acain he followed the procedure of clarify-
ing the water solution of the dissolved product with animal
charcoal, and then erystalllzing from water,

Secondanry propyloxy=caffeine was hoated with an
excess n, propyl ether at 295+300° for ei-ht hours. The
contents of the tube were trcatod as before, After re-
crystalllzing out of hot aleohol he reports a 52,5 per cent
yield,

Allen, 1n his report, says that the mechanlsm of
this reaction can be explained on the baslis of an intermedi-
ate forinmtion of propionaldshyde. The pyrolysls of an
ether to an aldehyde 1s reported by Hurd(a) and by Iinschel-

wood and Ashny(g)

Cliy0CH; _300° . cznsg = 0 + CgHg
At this high temperature the aldehyde reacts with the caffelne
ether tc form the B-alkyl-cagreino.

Caffelino » 0 « R+ 0 = (C = CZHS.____;

Caffeine = Colls + R-COOH
There 1s no report on the attermpted formation of

8-alkyl-caffelnes, using otlier otiiers than n, pronyl ether,
There was an attempt made to promnare 8 n. butylecaffeine by
heating hydroxy=-caffeine with n. bytyric, and n. valeric
anhydride, lcating was done in & closed tube from 260-358°,

In each attempt sore of the hydroxye-caffelns was recovered,

but the remainder had decomposed,
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EXPERIDMENTAL

A. The attempted formatlon of B-Alkyl«caffeines by the

pyrolysis of caffeine ethers with alkyl ethers,

1, Preparation of 8-chloro-caffeine,

8«Chloro-caffelins was prepared by the method of

Fischer and Reese(l). Fifty grams of caffeine, dried at 120°
for at least five hours, was dlssolved in four hundred grams
of anhydrous chloroform. This was placed in a flask fitted
with meroury seal stirrer, reflux condenser with calcium
chloride tube and a del;very yube to bottom of flask, Chlorine
gas, drled by passing through concentrated sulfuric acid, and
finally phosphorous pentoxidq, was bubbled through the nmixture
at the boiling point of the solvent, while stirring., The
solution first became very oloudy, but after about thirty
minutes or so it cleared up, and at that point the asction wes
complete, The solvent was dlstllled off on a water bath,
leaving behind the 8echloro-caffeine as a white precipitate,
This was digested with a small quantity of water, and then
allowed to air dry., Finally it was dried at 120° for five
hours, Before uvsing any of the chloroecaffeine it was always

dried at that temperature, to give an anhydrous compound,

Trlal 1 2 3
Materlal - grs, S0 50 S50
Actual Yield -~ grs, 46 44 51
Theoretical Yield - 1S, 58 58 58
Per cent 79.4 76 88
Helting Pt. determined ~186=188 186-187 187
" (Fischer) 188°
Nitrogen » determined 24,27%

caloulated 24.05%
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2, The preparation of B8e~propyloxy-caffeine,

The 8=propyloxy-caffeine was prepared after the
manner of Huston and Allen(s). The propyl alcohol was driled
with a few pleces of sodium, and then distilled, the fraction
boiling from 97-98° being used. Two grams of freshly cut
sodiun were dissolved in one hundred grams of the alcohol,

To this sodium aleoholate solution, twenty grams of anhydrous
8~chloro=-caffeine were added. The mixture was refluxed on an
oll bath, with stirring, for one hour.

While the reacted solution was hot it was filtered to
remove the salt, washing the filter with & small quantity of
absolute slcohol. On cooling the propyloxy-caffeine crystale
lized out. This first crop was filtered and the filtrate

concentrated down to obtein a maximum yileld of the ether.

The 8 prdpyloxy-caffeine was reocrystallized from 95 per cent

alcohol,

Trial 1 2

Y. propyl alcohol - grs. 100 100
Sodium « grs, 2 2
8«~Chloro~caffeine 20 20
Yield ~ actual 18,2 17.6
Yield -« theoretical 22,1 22,1
Yield = percentage 82,1 80,0
M.P, = determined 129-130°

1.P. - correct. , 129,5/130,5°

3« Preparation of alkyl ethers.,
a. Preparation of di-n. propyl ether(ll).
N. propyl ether was prepared by the action of

sulfuric acid on n., propyl alcohol, Thirty grams of redi-
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stilled n, propyl alcohol was mixed carefully with forty grams
of concentrated sulfuric acid. Thls mixturse was put in a
round bottom flask fitted with thermometer, mercury stirrer,
and dondenser set for distillation, The flask was heated on
an 01l bath, keoping the solution at 135° while seventy
grans of propyl alcohol were dropped slowly on the hot solu=-
tion. The dilstlllate was collected surrounded by ice, &nd
then treetod with potassium hydroxide pellets to remove traces
of acid. It was next dlstilled over caloium oxide, collecting
that ﬁortion boiling at 85«90° (correct 89°), The n, propyl
ether was finally allowed to stand over sodlum to remove the
last traces of moisture.
be Preparation of dl-isopropyl ether,

Iso propyl alcohol was redistilled, E.P. 80-82°,
The same proportions of alecohol and sulfuric aclid were used
as In the preparation of the n, propyl ether. The mixture
was kept at 1202 while the alcohol was being dropped into the
acid mixture. During the reaction there was considerable S0z
gas glven off, The distillate was dissolved in concentrated
sulfuric acid, and then separated by the addition of water.
This removed any unsaturated compounds that may have been
formed in the reaction, The sther was then dried and neutra-
lized with anhydrous sodium carbonate, A few pleces of
sodlun were added and it was allowed to stand over night
before distllling over sodium to remove all the molsture.
B.P. 65-70 {correct Beilstein 68,5-60%),
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¢+ Preparation of di n. butyl ether,

This ether was orepared by Williamson's method.
Fortyesix grams of freshly cut sodium were dissolved in 1GO .
grans of absolute n, butyl alcohol. It was necessary to use
heat and stirring to cormplete the reaction, The sodium
alcoholate solution was reXluxed with 270 grams of redi-
stilled n, butyl bromide, B.P. 1009, for tlhree hours, The
mixture was then distilled, the fractlon boiling from 135~
140° being collected, The ether was redistilled over sodiun,
before being used, to insure an anhydrous product., (B.P.
140,59 Beilstein),

The proof of the structures of these alkyl ethers
lies in the method of thwelr preparation, Both methods used
are typical for the preparation of ethers,

&, Pyrolysis of Bealkyl-caffeins ethers with alkyl ethers.

The procedure followed for all these reactions was
the same as was used by Allen in his report on work done in
this 1aboratary(12).

The carefully welighed sample of anhydrous caffeine
ether was put in a bomb tube with an eccurately measured
quantity of the alkyl ether, The bomb tube was sealed, put
in the Carius furnace, and heated for the prescribed times at
a certaln temperature, When the tube had cooled, 1t was
opened, tihe contents washoed oul with hot alcohol, and evap~
orated to a dark, tarry mass, Thls product was dissolved in
hot water, and bolled with animal charcoal to cliarify 1it,
The filtrate was evaporated down in the attempt to obtain
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erystals, but in each attempt corystallization was impossible.
On evaporating off all the water there remained a tarry,
brown decomposition product which would not crystallize from
any common solvent, or at temperatures below o%. Attenmts
were made to bring about crystallization from sbsolute, 95
per cent and dilute alcohol, carbon disulflde, chloroforn,
earbon tetraclloride, acetone, petroleum ether, dil-ethyl
ether, benzene, and xylene,

We were forced to conclude that 1t was impossible to
prepare the 8=-alkyl-caffeines from alkyl-caffeine ethers and
alkyl ethers by a pyrolysis reaction, Low temperatures gave
the unchanged caffeine ether, while high temperatures resulted
in decomposition of the ethers to a tarry, brown mass of no
definite boiling point. The unchanged ether was successfully
recrystallized from 95 per cent alcohol by adding a very smdl
amount of water to it, Its identity was proved by melting
points and by determination of the nitrogen content,
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1, N, propyloxy-caffeine with n, propyl ether,

Trials 1 2 3 4
CGrams caffeine ether 2 2 2 2
Cct's, alkyl ethier p 5 2 2
Temperature 250 300 300 325
Hours 8 5 8 8
No. of trisls 2 2 4 1l
Product Caffeline ether Decomposed
Grams Product l,2

2, Isopronyloxy=-caffeine with n. propyl ether.
Grams caffeine ether 2
Ceta, alkyl ether 2
Terperature 300
Hours 8
Ko, of trials 2
Product Decorposed
3+ Propyloxy~caffeine with isopropyl ether.
Grams caffeine ether 2 2
Cots, alkyl ether 2 : 3
Temperature 850 300
Hours 8 8
No, of trials 2 2
Product Decormposed Decorposed
4, Propyloxy-caffeins with n, butyl ether
Grams caffeine ether 2 2
Cot's, alkyl ether 2 2
Temperature 300 300
Hours 4 8
No, of trlals 1 1

Product Deconposed Decorposad
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Be. Preparation of two new 8-ethers of caffeine.
l, 8«Phenyl propyloxy=caffeine, CivHooOzN4.

AfGor the manner of Huston and Allen(l), these
caffeine ethers were prepared from the reaction of the
sodiunm alcoholate on 8=chloroecaffeine,

1,51 Grams of bird shot sodium were gulckly wolghed
out and aropped into 90 grams of redistilled phenyl pronyl
aloohol, B,P. 116-120° at 12 mm, This was hoated with
stirring and refluxing on an oll bath until all the sodium
had reacted with the alcohol, To the sodium alccholate
golution were added 15 prams of anhydrous 8-ghloro-caffeilne,
Stirring was continued while the mixture was heated for five
hours at 140° on an o1l bath,

At the end of this period the slcohol was distilled
off under reduced pressure to avold excessive heating with
oconsequent, decomposlition of the product, The residue waa
dissolved in alcohol, and filtered hot to remove the salt,
On o00ling the phenyl propyloxy-caffeine separated out as
fine needles. The product was recrystallized from dilute
aloohol, the filtrate being concentrated to bring about a
maxirmm yleld,

The compound consisted of very small, needle=}ike
crystals which were practically inaoluble in cold water and
cold alcohol, In hot water it melted to olly drops that were

comparatively insoluble, The product melted at 110-111° and
sublimed at higher terperatures, It gave a pronounced rmr-

exide test, with a hright vermildonn color,
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EXPERILIVUTAL DLTA 06 PIZSIYL~-PROPYLOXY-CAFFLINE

Phenyl propyl alcohol, grams
Sodlum, grams

8~Chloro=caffeine, grans

Temperature hoated
Hours heated
Reerystallized from

Yield « actual
7  « theoretical

"  « percentage

Analyalss Deternined
Carbon - 62,02
Hydrogen 6416
Nitrogen 16,85
Solubilitys Cold
Water Pract. Ins,
Alcohol | Very slight
CHClqy Very sol,

0014 Slishtly

-

328.08
0.0

1.15
15.0

140°
5

Dilute alcohol

14
24,3
57.5

Calculated
62,18
6.13
17,07

Hot
lelts to olly drops
9.2 gr./loo mls,
Very soluble

loderately
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2. - 8=Phenyl~butyloxy=-caffeine « 0;gHpo0zN4.

It was necessary to preopare the phenyl dbutyl alcohol
to be used in this synthesis, This was done by making
phenyl propyl bromide from phenyl propyl alcohol, forming
the Grignard, reacting the CGrignard compound with dry
formaldehyde gas, and finally hydralyzing the addition
compound to the desired aleohol. The exact procedurs 1s as
follows,

An equivalent amount of phosphorus tribromide, 185
grams, was slowly dropped into 2065 grams of phenyl propyl
alcohol beinz stirred in a cooled flask protoctod fron
moisture. It was then washed with water, drled with anhy-
drous sodiwa carbonate, and finally distilled at 16 rm.,,
collecting the fractlon boiling between 120-125°(23), me
yield amounted to 185 grams, or about 62 per cvoent of
theoretical,.

A Crignard reagent was prepared from the 185 grs., of
the halide after tho manner of Thitmore(l4), The halide was
diluted with six times its volume of anhydrous ether, A
crystal of 1odine was heated with 25 grams of magnesium
metal dried In a desiccator. Ten mls. of the ether halide
solution were added direct to start reaction, Thon the solu-
tion was added one drop a sscond without cooling, the
cormpleted Grignard being allowed to stand over hight.

The flask was then fitted with as wide a delivery
tube as possivle, and through this twbe into the Grignard
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solutlon was passed formaldehyde gas gencrated by heating
anhydrous paraformaldohyde(ls). The solution was stirred
very rapldly and was cooled wilth a freezing mixture, The
reaction was considered to have reach completion when a
cloar ether layor formed on top of the mixture when stirring
was stopped, This took about thirtye-five minutes,

The mixture was then hydrollzed with ice and IiCl,
ti.e etiher layer separated, and aqueous part extracted with
nors ethar, Thls ether solution was dried with caleiwn
chloride and tlien the ether distilled off on a steam bath,

Finally tho phenyl butyl alcohol was dlstilled off
at reduced pressuro, DB.P. 138-142? at 14 rm, (Correct -
Beilstoin 140° at 14 rm.). The yleld amounted to 65 praas
or 22.4 per cent theoretical,

To prepare the phenyl-butylecaffeine-ether, 35 gprans
of phenyl butyl alcohol were hoated to 130° with 1,51 grams
of bird shot sodium with stirring. Vhen the sodium hed
corppletely reacted, 15 grans of anhydrous 8e-chloro-caffeine
wore added, The mlxture was refluxcd with stirring for 5
hours at'150°. The alcohol was then distilled off at reducéd
pressure, The remaining s0lid was dissolved in hot 95 per
cent alcohol, filtered to remove the salt, and finally cooled
to crystalllze, the filtrate beling ewvaporated dovm to conplete
the erystallization, DBy redissolving the products twice in
alcohol, each time adding water to cause crystallization, a

very pura, whlte, crystalline copound was obtained, The
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erystals wore dried at 80%, and finally in a desicoator over
sulfurie acid,

8-Phenyle~butyloxy-caffeine melted at 132-133°. Tt
sublimed fairly easily above thwnt temperature, The fluffy
white crystals were cormparatively insoluble in cold or hot
water, The compound gave rnore of a red e¢olored rmurexide

test, than did the phenyl propyloxy-caffeine,

EXPURINENTAL DATA ON PHENYL~BUTYLOXY«CAFFEINE

Cy8H00xM4 1.7, (cale.) 342,00
Sodium, granms 1.15
Phenyl butyl alcohol, grams 85
8«Chloro=caffeins, grums 15
Temperature heated 130°
Hours heated 5
Recrystallized from Dilute alcohol
Yield - actual 186

"  « theoretical 26,1

"  « percontage 61.2
Melting point 132-133°
Analysis: Determined « Calculated
Carbon 63.9 63.16
Hydrogen 6469 6.42

Nitrogen 16.29 16,33
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LYXPERTMENTAL DATA (Continued)

Solubility: Cold Hot

Viater Very slichtly Slightly

Alecohol Very " 7.13 gr./100 mls,
CHéls Very " Very soluble
CClq Slightly sol.  Very "

3., Attempted formation of phenyle-amyloxy~caffeine,

It was attempted to prepare this compound by the same
procedure used in the preparation of phenyl butyloxy-caffeine.
Howover we only had 65 grams of phenyl butyl alcohol with
which to prepare the phenyl amyl alcohol needed, Thls was
recovered from the preceding preparation,

Phenyl butyl bromide was prepared from this alcohol,
and the Grignard reagent from it was reacted with dry formal=-
dehyde gas, On hydrolysis thore was obtained 8,6 graa of
phenyl amyl alcohol = B,P. 150+160° at 12 rm, (Correct B.P.
Bellstein 155° at 12 mm, .
| 1.12 Qrams of sodium were dissolved in the alcohol
which was in solution with 100 grams of anhydrous xylene, To
the alcoholate solutiun were added 11,5 grams of anhydrous
8=-chloro=-caffeine, This mixture was heated on an 01l bath at
the boiling point of the solvent for 5 hours, Care'was used
to exclude moisture throughout the entire procedure., The
solvent was evaporated under reduced pressure and the residue
dissolved in salcohol, Upon recrystallization from dilute
alocohol, there was obtained 5.2 grams of a white crystalline
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compound, melting st 185-187°, On analysis it yielded

23,42 per cent nitrogen. It was found to contain chlorine.
From these results it was concluded that 5.2 grams

of 8~chloro~caffeine had been recovered unchanged. Evidently

the boiling point of the xylene was not high enouch to bring

about the desired reaction,

LYPERIICHTAL DATA

laterisals in gramss

Phenyl amyl alcohol 8,6
Xylene solvent 100
Sodium 1.12
8-Chloro=caffeine 11.5
Recovered 8~chloro~caffelne 5.2
lelting point ~ determined 185-18%°
" " e gorrect 188°
Analysis « nitrogen 23,427
Calowlated = " 24.05%

4, Conversion of pheonyl propyloxy-caffeine and phenyl
butyloxy=-caffeline to hydroxy-calfelne,

One gram of cach of these two new caffeine ethers wss
heated on & steanm bath with 10 mls, of 10 per cent hydroe
chloric acid. In each casse the ether dissolved, and tlwre
was formed a anall asiount of what was assumed by the odor to
be the phenyl propyl and phenyl butyl chloride, The volume

of 1iquid was concentrated to about four mls. and on cooling
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there separnted out a batch of white fluffy necdle-like
erystals, On recryastalllizing from hot water, there was
obtained a good yield of hydroxy-caffeine, melting to & dark
brown liquid at 330=340°, The proof of structure lies in the

method of preparation and in the physlcal properties,

EXPARIVIENTAL DATA

Materials used Phenyl propyloxy- Phenyl butyloxy-
Ccaffeine cormpound -« grams 1l 1l
10 Per cent HCl « nils, 10 10
Time heatcd on steam bath 20 nmin, 35 nin,
Hydroxy=caffeine - grams 58 .62
MePe = determined | 330340
n correct 345

5. The abtempted molecular rearrangement of phenyl
propyloxy-caffeine and phenyl butyloxy-céffoine.

It was atterpted to rearrange théso ethers by heating
in open and closed tubes. After heating the contents of the
tubes were washed out with hot aleohol. On ewmporation to a
smaller volume there was obtalned in some cases a crop of
erystals, eachi tl:e proving to be the unchanged caffeine
ether. In other cases, whero tiae temperature had been higher,
there was more decorposition and discoloration, resulting in
the recovery of lcass of the c¢affelne ether, The structure of

the recovered product was proven to be the ether Ly 1ts phys-
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ical properties, and by the fact that 1t formed hydroxy-

caffeine on treatunent with hydrochloric acid.

EXPURIVENTAL DATA ON ATTEIIPTED REARRANGEIZTT

1. Phenyl~propyloxy-caffeine

Trials 1l 2 3 4

Ether ussed = grams O ) ) D
Temperature 150 225 250 63245)
Hours heated 8 8 8 8

Open or closed tube open open closed closed
Remove® ether, grams «35 e19 o1l decomposed

2, Phenyl=sbutyloxy-caffeine

Ether used 1.0 5 1.0 «5
Texperature 150 225 250 325
Hours heated 8 8 8 8
Open or closed tube open open closed closed

Recovered efther, grams ,75 12 16 decomposed
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SULIIARY AND DISCUSSION

The first purpose of this thesis has been to discuss the
meothods whereby it was attempted to prepare the 8-alkyl-
caffaines, This was done by the pyrolytic reaction between
8~caffeine elhers and three of the alkyl ethers,

It has been shown by Hurd(l), that an alkyl ether will
vleld on pyrolysis, an sldochyde. It has been exvlained that
the probable reaction betweon the aldehyds and the caffelne
ether 1s as followss
Caffeine = OCylly + 0 = g - CpHg _800° 5

Caffeine « CgHg + CxzHyCOOH

An exanination of the equation will show that the re=
action involvest

1. The formation of a caffeine radical and a propyloxy

radlcal.

0 e

7 Cig « N C - X
2, The brealring down of the aldehydse 1s as followsg

H H
Czﬂs -C =0 to Czﬁg- eand =C = 0

3e Finally the 8-alkylwcaffeine is formed. But there
i1s Involved a migration of hydrogen from carbon to oxygen, and
a migration of oxygen from carbon to carbon before the acid
can be formed,

The very compllcated mechanism of the whole reaction is
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probably the reason for failure here in prepariag any of the
8-alkyl caffeines by this method. It would be interesting
to heat propyloxy=caffeine with proplonaldehyde, as a check
on the above explanatlon,

It must be concluded then, that it 1s impossible to pre-~
pare the Se~alkylecaffeincs by the pyrolysis of the 3 ethers
of caffelne with alkyl ethors,

Secondly, two new caffelne ethers have been prepared from
tho action of a sodium alcoholate on 8«chloro-caffeines

l, 8«Phenyl prOpyloxyocaffeine, a white, fine, needle-~
1ie crystalline compound, melting at 110-111°, practically
insoluble in cold water, and melting to insoluble o0ily drop-
lets in boiling water,

2, 8=Phenyl butyloxy=-caffeine, a white, fluffy,
crystalline compound when erystallized from dilute aleohol,
nelting at 132-135° and vory slishtly soluble in cold and hot
water,

Both phenyl propyl and phenyl butyloxy-caffeine when
heated in an excess of 10 per cent hydrochloric acid, will
form hydroxy-caffeine. The rurexide test is given by each of
these ethers,

It 18 intoresting to note that wp to phenyl propyloxy-
caffeine the melting point of the &ther is lowered by the
introduction of a methylene group into the chain., Phenyl
butyloxy«caffeine however has a higher melting point,



Compound MaPa
Phenyl benzyloxy-caffeine 172-173,5°
Phenyl ethoxy-caffeine 142-144,4°
Phenyl propyloxy-caffeline 110-111°
Phenyl butyloxy=caffeine 132-133°

A possible explanetlon for this might be that up to and
ineluding phenyl propyloxy=-caffeine, the aliphatie
charactoristic 1s predominant, but beyond this point the
ether character becomes more evident,

Finally, 1t was attempted to bring about the molecular
rearvangement of the ethers to the 9-alkyl-uric acids., This
was dons in both open and closed tubes at varying hich
temperatures over different periods of time, However either
sonieo of the unchanged ether was recovered or else there was

decompoaltion,
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