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PART 1
THE ATTEMPTED PREPARATION OF 1,8-DIMETHYLNAPHTHALENE
BY THE MANNICH REACTION




GENERAL, INTRODUCTION

The Mannich reaction, known sxnee 1903 waS‘
recognzzed as a type reactzon by Mannich in 1917.

It consists in the condensation of a compound con-
taining a reactive hydrogen atcm with ammonia or &
prlmary or secondary amine and formaldehyde.

Phenols ,» and partlcularly Fi-naphthol, are known %0
have reactive hydrogen atoms on the carbon atoms ortho ;
and para 1o the carbon~with the;phenollc,group,~ Many“
Maﬁniéh‘condensatiOHS‘héve been carried out with‘thisf
type,of eompouﬁﬁ~ (3), ‘(4).\(7)  (8)~

The compound to be studied for this researeh iS‘

2, 7-dihydr oxynaphthal ene:

Since the phenoiic group of B —naphthdlaactivates the\

Hov

s -hydrogen;“it was assumed the two phenoli§;groups,'
of 2.7+dihydrox§héphthaiene would‘activaté;theilfanq~8;
or’peri,hydrogeﬁs;*thus;1éading‘to a disubstitﬁtéd‘
ManniCh!base}‘ | |

The S1mplest of these would result from the con-

densatlon with formaldehyde and dlmethylamine.

)N‘c.th ch ~N(c H3)

oH
+ 2CH O +zhHHcH) - (i:Ii:I




This Mannich base, would:be of no pérticular interest
in itself, but it was desired to reduce this base and

similér‘ones, to obtain 2;7¥dihydroxyél,SQdiméthYIA

naphthalene.
(C'*S)).N“c‘»l QH"\ o (Cus)l CH3_ QH3
—_— + 2 NH(CH)

The §h§siéal cOnstaﬁté off1;8§dimethy1naphthaiene
and its derivativés have been variously;ieported in the
litersture (1), (11), (14). 2,7-aihydroxy-1,8-dimethyl-
‘naphthaléne, 6n;treatméntlwith zine oxide to eliminate
the phenolic group, gives rise\to 1,8?diﬁ$thy1naphthaié£e.
It was thereforé the aim of this research to~produce‘this
hydrocarbon and fully characterize it in order to clear

up the existing confusion.




LITERATURE SURVEY OF THE MANNICH REACTION

INTRODUCTION

The Mannich reaétion consists in the condensation
of ammonia or & primary or secondsry amine, usually as
the hydrochloride, with formaldehyde‘and a compound
containing at least one hydrogen atom of prénounéed
activity. The essential feature of this reaction ié the
replacement of the active hydrogen by an«aminomethyi or

substituted aminomethyl group.

LR HCE

CQ’C—HB CO“Q",‘L—CHL‘N\

R\
+cH, O+ Wy HCR —> ;
RZ +H, 0

In some cases it is possible to carry the reactioﬁ_

a step further\yialding a compound with two basic groups.

/¢”&f~lq*»l',62
co-¢cH
ComeH~cH ~MR, .IHCL — NeH L NR, Hee
red,o0 v R NHHA |

+ Ha
Using a primary amine the product is a secondary
amine.

co~eHy teH o0 +RNN_1.HCQ- co~eH,~cH, ~NHR IHcL
—

T F H&Q.



This may react further to give a tertiary amine.

()CO”CH3+CH}O + ¢o~(.Hl_~c.HJ_-NHR.HQ

- ~c.l"3'-€.i4,_
NR.HG +1,0
CO"CH;’C’H;’/

Frequentiykthese‘prbducts are unstable and

) w cH
undergo cyclization. CNCO

‘ ceo - "
reH 0 c,/-/sNH’._HCl ~—> CH,~co lgul T N

CHy cHy

2.CH3<.0 c.H3

\,{./HQ
CH,y
’(_H3 ) HO 2]
< A a7
. \ c 3 /C-
tcb‘é/ﬂ T” and CH, . ¢a . 4 \cu ‘cosgh Ney
cl"’3 ‘“ " 3 f ’ r - Ha.o ‘
CH,y LY ) Y 4 CH
~., 7~ “ 3T v b
e C\LN/H(; i
. . [}
<y 1 ¢H3
CH3
HISTORY

*l‘yc‘fl‘i,e‘ns‘ was the first t0 ;o‘ﬁservé‘tla "‘condensati‘on '
of ‘this type-; Heaisol’é‘aed é te;‘tiéry amine fromfammonium
chloride, forxnél\d;e‘hyde. and acetophen(}ne in 1903. Pjét:r?enke-
K:ﬁfséhenkyoﬁstudied;condensati ohs of this type from 1904 g
~to71§09 but‘didﬁft realié§ the;reactien'wés‘a general one.

Manri‘ich began a detailed st‘udyy ‘ikn_l9l“7:;



MECHANT SM
| The,mechaniémxof this reaction is not known. It
has been suggested that the primary step consists in

the‘addition of the amine to form&;dehydef(z).

l{\ R
; AN+ C.HlO — \N"C..HQ‘OH
R// : R

Howevéruit hss been shown that dimethylaminomethandi
gives a‘poorer yieid than formaldehyde and the aminé.
Therefors this hypothesis is improbable.

Another possible‘initial step is the formation

of the methylol from a ketone.

R-co-cH, + ¢H, 0 — R-co-cH,-~CHOH

However it has been shown that the methylol does not

always condense with the amine.

THE USE OF SECONDARY AMINES

1) WIDH KEPONES

Séyﬁrated~ketones,kcyéldalkanonés;'at-fg uﬁsaturatéd‘

ketones, aliphatic;aromatic kétones, and‘eertain'hetero-

cyelic ketonés containing a carbonyl‘group°in the riﬁglall'

undergo the Mannichfwith secondaryfaminesg



2) WITH ALDEHYDES

The o -hydrogen atom of the aldehyde is sub-
stituted by a dialkylaminomethyl group. Secondary
reaction sometimes occurs which involies the simul-

tanaous introduction of a methylol7groﬁp,on the « -

carbono
S Q ctf :
H3\CH~¢Hl-cHO +  ww.onae ¥ CH, v
aH;” CHy i
CN, oH ‘ Cu}
c”}\ . + \(”_gu—guq
eH~-C —aHo cH 7 !
Q"3/ y 3 ,cH3
i, ' C"x“"’ ’
1 S ew
M 3

Aldéhﬁdes have bemn much,léssfeitensiveiﬁ‘studied than

ketones.

3) WITE ACIDS AND ESTERS

‘Acids‘With reactivé hydrogen in the alpha position
may be used for Manni ch condensations instead of aldehydes
;oi_ketonés. The free secondary amine is used instead of
;its sal£. | |

<o, H .co\_H et

! o« \ Vd
CHy-cH, - ?u ted o + INWH —> CHy-eH, c'.- CHy -] + H, @
.’ [y 4]
te H 3 ce,H 3



A sxde reaction which often occurs involves the,

decarboxylation of the acid.

ce,

1
iy~ c.l;l-?l{

Cox

H
(4 H

t<cdo+ z«zH ———> cHycH —cH - -ty —-n//

c.l-l
C -
) a cu3

44) WITH PHENQLS

¢h’

C.Hg

b

+Co

The ortho and para hydrogens of phenols are

suffielenhly actlve to enter into the Mannich con-

densat;on,
products‘are obta;ned.
/tfi-substitution products are obtained.

- an excess of at least three moles of formaldehyde

From‘phenol and m-cresol,

From p-eresol mono- and di~substitution

reacts with phenol in the presence of at least three

moles of strongly bas;c non-aromatic ‘secondary amine"

to form a

There has

which was

phenolié~tri-amine;

oH
CN r"Hi
) N~ e.}{ CH, SN
eH,’ [NY]
3 3 I
e, )
o ~NT }

been some interest in the compound

oH

Hec@k «H, oH

cHy
ou

supposed to have besn Produced‘fromgpheﬁoil

b S

* e

For instance,




in alkaline solution with excess formaldehyde. However

attempts to iéblate this product and the analagous one
from m-cresol, have led to resinification.

Brunsen and MaeMulién‘(3)~were able to obtain the
tetra-acetata of this product in the following manner-
l-hydroxy-z 4, 6- tri(dimethylaminomethyl)~benzene (l)
when heated with excess acetic anhydrlde the tertiary

‘ W, 5\! dtsuésgr‘ffwfﬁﬁ
amino groups split off in the form of seetie—ters

acet
\?mides and the tetraacetate is produced.

o-co-ciy

’CHg‘CO-kQ-cul cH,~6-co-cH,

C—u): O ~c 0’-:"-‘3

Thisncolbrless viscous substance may be distilled undéf 
reduced pressure without decompositlon or re31n1flcation.
VHowever, it does re81nify in the presence of alkall.

_A Msnnich reaction hasybeen carried out with p~-
hydroxy”benZaldehyde, the CHENH2 group going ortho;toxthe
hydroxy group (5] .

Naphthols undergo the same type of‘reaction. itkiS'
found that ﬁi—naphthoi’gives better yields ﬁhan  %1-
naphthol; The reactions are usually carried out in an‘

anhydrous solvent such as benzene, water of reaction‘being




rﬂmoved by refluxzng the solvent through a water trap.

One use to which these phenolic condensation
, products may be put_is for protecting films (9). A
self-sustaining film is formed of a rubber hydrochloride
with ten percent of its weigﬁt of a phenbl fOrmaldehyde.
;methylamine resin. It is prepared by condensing one mole
of phenol two moleé of formaldehyde. and one of methyl-

Vamlne. These fllms have good resistance to heat and light.

5) WITH ACETYLENES

Phenylacetylene and certain substltuted phenyl-
‘acetylenes (10) react readlly with formaldehyde and

secondary-amlnes.

H ~cH
eH, ~CH, | - e H

= 3 iR ez~ H ~pN
ez TRE: /.V" e, N a en
CHy-<eH, * 3

The conditions are that the aeetyléﬁic;compéundé
must be ﬁnder‘pfessufe and in the presence of copper’ |
| acetylide catalyst. Yields of seventy‘percent\are common .
Hydroxy groups have an inhibiting effect if in the alpha

position, but~in,the beta~positibn’good~yields‘are obtainéd}

6);WITH‘VOL—PICOLINES AND QUINALDIEES

The -methyl group in the pyridine or qulnoline
‘nucleus has a hydrogen of about the same reactlvity as

those in the methyl group of a methyl ketone. Therefore



H
n.zac‘hlt av

the Mahnicﬁ\@akes place with these substances.

THE USES OF PRIUARY AMINES

Primary amines may be used with ketones, aldehydés,
acids and esteré;‘ oc-picoiinéé, and qaihaldines. The
w0£k on,these with primary amines has beén rather écanﬁy‘
and;fawﬁeXamﬁlés are‘qubhéd'in~the'literatuie;

No Maﬁnich réactions invdlving primary amines Wiﬁh
phenéls and acetylenes have been reported. yﬁowever;(Q -
naphthylamine (6) or o ;napmy;‘amine (13) ana formalde-
‘hyée haVe been condensed,to,give various products.

Ammdnié,has also been'uSédkas the base in con-

densations with ketones and acids.

EELATEE REACTIONS

Formaldehyde is not the only aldehyde whlch may be SR

used in this type of condensation. ;Others are aceta;de-;

hyde, phenylacetaldehyde, benzaldehyde, and ahisél&éhyde;
Ammonza and prlmary amines seem to be the only substances

which will reaet with these aldehydas.,
O

[

N
\ /"-
c”) CH ﬂ,_ \c-N,.
CHo opfec Q“
N/



APPLICATION IN SYNTHESIS

1) PREFARATZION OF ETHYLENIC COMPOUNDS

Many of the condensation products, especially
those derived from secondary amines, decompose into
the amine and aﬁ unsaturated compound. ~Some may be
distillea under reduced pressure but most decompose
when heated or subjected to steam distiliation.

sty co-cHseH » M3y a

-C ~CH,~-N
<o H} M, \cu e C'Jg/
3

The products decompose spontaneously in a few

cages.
eoo i cooH
! SaMy N — ~e-co-0-¢, H-
Q;Ny“"”‘c"“"c;”g +C.(-£0'f l NH (‘.&Hy : ‘;Ni .ry*o
cl J’ “-“,_'N’ > by
Lo
C&“’.\ kH c o H
N + 4 [} - C ~ -y - ~
(:."')’/ Y 2 + C;H), f‘ co~-@ Ca."’:,

cu,
” Others will undergo decomposition in the presence

of sodium ethylate or dilute alkali.
In some cases when two carboxyl groups are present

one is eliminated in the decomposition. This is a method




for synthesizing «;-arylydr aL—aikyl-acrylic acids

Hooce Lty <t
/%-cul-i\l\‘” —-—--—-)ﬁoocvc;
. Hooc R 3 » R co.[)/

When the active hydrogen in the original compound
is a tertiary one, an ethylenic compound cennot be
formed by decomposition. It may then decompose to the

original reagents.

ul}

Chy—C == C-<H,y -v Ch. g —==cH e H
<n \ cso oy S | + cH o ¥ N,
3"’N\ 2 = CHy~ N, e zo Cl45/
N —> SN

2) CONVERSION OF A KETONE T0 ITS NEXT HIGHER HOMOLOG

The unsaturated ketdne arising from the decomposi-
tion of a Mannich base may be reduced to form a ketone
with one more methylehe group than that used in the

preparation of the Mannich base.

4
eo~cHy co~cCH, ik
- c.H}
+ el o+ HN : 3‘ ——)
“H3
OLH} ocHy
e_@-e.:a;m-i} ) co-a e H,
. H
3 IH PR
f---—a-[ —] +Hn(\
\ iy

o «H,
t)e.l\G3



3) SYNTHESIS DEPENDENT ON THE ACTIVITY OF THE DIMETEYLAMINO

GROUP IN DIMETHYLAUINOMETHYLPHENOLS

Eﬁfbyl groups may be introduced into the phenolic
ring using the product obtained from the Mannich,reactidn
with phenols. There are tWo:steps (a) the introduction
of the dimethylaminomethyl‘group by the combined action
of formalin ahd;diméthylaminé;updn the appropriste phenol,
- (b) hydrogenolysis by heating under pressure in dioxane
using copper chromite as catalyst (4), or sodiumimethylate
Sdiation7at 220 degrees~(l5)¢ This is the typé of reaction

which will be carried out in this research.

4) REDUCTION T0 AMINOALCOHOLS

& -substituted aminoketones or aldehydes can be
reduced to the corresponding Xésubétituted}amino—
alkanol§. |

The ¥-aminoalcohols, in the form of their hanzaates
and p-amino benzoates, are used as loeél anesthetiés. |

The commercial anesthetic‘Tutocaine is made as follows:

) - PR
QQS- ‘<l¢c,H‘¥ Cl~l3 +CH D ¢ c‘Hg \~” _— CN"'C“" %'*“’“;"V\ 3
° CHy” o ¢H3 CHy
1]
oY il[n}

~&mine Y]

CHy ity \,i..__....—--—-—- cqs-t‘—ﬂ -Q'H -ch‘; —N/\c 3

C‘O'éH‘éﬂ'-cf{ ~~,°H3 be“z.‘e . aH [T (..HS

" S “h3 V ,

s \Q'“x a.‘tld,



It has been found essential in most cases that

the saits‘of the aminoketones be of a high degree of

purity before reduetibn is attempted (8).
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DISCUSSION OF RESULTS

Condensations

In these Mannich condensations it was assumed
that 2.7¥dihydroxynaphthalene would react similarily
t0 @—ﬁka‘ph‘t’hdl. Since 2,7-dihydroxynaphthalene is a
rathérfexpensive chemical, trial runs were made with
@ -naphthol first.

Thef2;f-dihydrqunaphﬁhalene used was obtained
from Eastman. However, it was so costly that attempts
were made to synthesize it from the corresponding
sulphonic acid. Standard proceedure for fusion was

used.

The general proce&dure for the condensation was
that of Caldwell and Thompson (4). Aéueous'formalde-
hydex(55%} was used. In the case of dimethylamine, an
aqueous solution of this was’used’also and no solvent
was necessary# - The ohly other solventkused was ethanol
'(95%); The reaction goes under both hot and cold con-
ditionse. |

It was very difficult to purify these Kannich

baées, After repeated recrystallization to constant

melting point they still had a yellow color and gave

inconsistent combustion results for carbon and hydrogen.



The nitrogen results for the condensation

product of 2,7-dihydroxynaphthalene and dimethyl-
amine pose an interesting supposition. They seem

to indicate disubstitution in cold solution and
monosubstitution in hot solution. For the compound
résulting from cold solution the nitrogen combustion

~agrees fairly well with that calculated from the

compound .
(! < Hy
3 ,
CH3>?) l(“\c_HB
cha  cHy Experimental: 10.82% N
no ot Theoretical for C,H,0 N: 10.22% N
N

The combustion results of the compound from hot
"solution agrees with that calculated for a mono-

substituted molecule.

,?“3
NN CHy Experimental: 5.98% N
NN T ‘
Theoretical for C.H O/ N: 6.44% N
Ho{ oH

This phase of the reaction is entirely probable
but the failure to obtain consistent carbon-hydrogen
combustion results for the same compound throws some

doubt on the accuracy of the nitrcgén results.




Reduction

All attempts at reduetlon met with fa1lure.
Catalytic reduction (hydrogen and platinum} in
’,alcohol'faileé completely. This besrs out the
'oBservations of Woodward and Doéring (15) who noted
that substances which contain‘a StronglyfbaSie |
nitrogen atom and a phenolic function in the same
molecule are rémarkably resisfént to catalytic re-
duction.

Sodium amalgam had no effect. Using the standard
method of 2% sodiﬁi'amalgém‘with dilutexhydrochloric
~acid, the startihgﬁmatérial was always quantitatively‘
recovered unchangéd,

Woodward and Doering (15) used a methanolic
solution of sodium methylate heated at 220 degrees for
16 hours to accomplish their reduction. However, an
auﬁoclave was not available for this wofk, A‘solid"
brass tube closed at one end,with a long screw tob at
the other, was made. Attempts to make this apparatus
leakproof for an extended period of time proved futile.
The meuhyl alcohol all boiled awayain<less than one

hour at 220 degrees. It was kept ét 220 degrees fof




the remaining 15 hours without solvent but no

reduction took‘place.

A standerd Parr bbmb for sulphur determina-
tions was tried. It too, began to leak when~the
temperature reached about 200 degreés and couid
not be‘made to hold the solvent for,extendéd~periods;

A sealéd‘Pyrex tubeﬁreaction‘was the only other

method availabie to this laborstory. It waskaccordingly
tried but always resulted in an explosion within the
first four hours. ,

The faiiﬁre of the reduction seemed to be due
to‘the phenolie_group, since the reduction of Mannich
béséS‘not céntaihing this group are reportéd 0 go
smdothly, It was thought that by methylationqof the
pheholié group‘of‘tha kannich béseé the7acidity of the
molecula would be effectlvely reduced. |

This was accordlngly trled using methyl sulphate,
The product in every case was a gum. Allv&ttempts at
orystallization and identification failed. Decombe (8)
found that9c-(piperidinomethyl)Qﬁ—naphthol when boiled
with 10% scdium,hydroXide gave methyiane bis-ﬁ«haphthbi.

Hy = ¢H
,e82 1SN
CHy - el
> ‘r.u,-c.u»’ = <
oH °
oH Na OH #
a3y



Since the use of methyl sylphate requires sodium
hydroxide it was ﬁhought that a compound of this type
might be forming the gum. The use of diazomethane for
ﬁethylation requires no basic reagents. Diazdmethane
was accordingly prepared and reacted witho(f(diméthyl~
aminomethyl)Qlg;naphthoi. ‘However, the product in
this case also‘was a deep red gum. Therefore the
resinifiéaticn is not due to bis-compound formation.

Another line of attach was methylation of the
phenolie~gr0up before introducing it into s Mannich
reactipn; Accordingly the methyl ethers of‘?énaphthol
and 2,7-dihydroxynaphthalene were prepared, giving the
well known nerolin (Melting point 72 degrees) and
2,7-dimethoxynaphthalene {Melting point 134 degrees)
respectively.

It was found that the methyl group completély
inactivated the compound as far as Mannich condensa-
tions were concerned; Evén long boiling in alceohol
failed to condense the reactants.

As noted previously,{F.%)‘Brunsen and MacMullen

(3) succeeded in isolating the tetrascetate of l-hydroxy-

2,4.6-tri—(dimathylaminomethyl}-benzene. A reduction



was carried out with this compound using copper
chromite at 177 atmospheres hydrogen pressure to

give 2,4,6~trimethylphenol. It was not possible

to;obtaiﬁkv e drastic reduction conditions used
by,Brunseﬁ anémﬁggﬁﬁiieﬁigh this laboratorg} but
their work was repeated to obtain the‘tatraaéetate‘
and all the above noted reduction prdcegdures were
tried on it. It was thought that the procefdure
could be extended ﬁo the other Mannich bases. How-
evér‘all,fhe ieduction'procegdares‘available in
this laboratory failed to work.

Since all reduction possibilities at the
disposal of this laboratory were exhausted with no
results, it was felt that further work on this

subject should be discontinued.




EXPERIMENTAL

A) PRODUCTION OF 2,7-DIEYDROXYNAPETHALENE

The 2,7;dihydtQthaphthélana used was producad'
by pbtassium'hydroxide fusion of naphthslene-2,7-
disﬁlphonic acid (sodiﬁﬁ salt). Furéjpotassiﬁm ,
hydroxide {120 g) with' 5 ml.of water was;he’étedi in
‘a.nickéllcr@Cibie to‘250 degrees at which temperature
the mizture was completely liquified. The sodium
 sulphbnate (25 g), praviouSly dried and powdered,
were added slowly with stirfing. The mass was stirfed
continuously with a metal-encased thermometer, and
brought to 310 degrees for ten minutes. The mixture
VWas droypped, whilé~still;liquid,‘onto cracked ice.
The‘solﬁtion was né&tralized with coneentrated sulphuric -
'adidkand cooled to room temperature. The solid was
filtered off and both solution and solid extracted
exhaustiﬁéiyfwith ether. The ether extracts were
combined and the ether evaporatéd;’leaving‘a brown
solid. This solid was recrystallized twice;frbmfboiling
water, using animal‘charcoal. TheA2,7—dihydrcxye
naphthaléne is a pure white solid which melts‘atii§5

degrees.




(B) CONDENSATIONS

The Manﬁich condensations were carried out in
three ways, all more or less similar:
1) No sélvent,‘keeping the solution cold,
2) No sleent, keepiﬁg the solution of 80-90 degreés,
5)‘A160h01~sblvent,~kéeﬁing the‘sdlution‘eoid.
The condensations of 2,7-dihydroxynaphthalene and
'dimethylamine'wiil'serve to illustrate these pro-

cekduras.

1) No solvent-cold
This proce§dure followed that of Caldwellyand Thompson
(4). 2,7¢BihydroxYnaphthalené (48,025 mole) werekmixéd
with 10 g.of 25% dimethylamine solution (.055 mole) in
'a small threeénecked flask eQuipped with mechaﬁical
stirrer, thermometer, and dropping funnel,‘and surrounded
by an ice bath. 7 g.of 35% formalin (.075 mole) were
added slowiy-through;the dropping funnel, with vigorbts
- stirring, at such a rate that the temperature diﬁ\not‘~
‘rise above 20 degrees C.‘ A~preéipitate formed and the
whole mass became solid. Thié was filtered and washed‘
thordughly with coldfwater to remo%e the excess formalde-

hyde and dimethylamine. After repeaté& recrystallization
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from etnanoz;water, the powder was still pale yellow,
with a decomposition point of 149 degrees. Carbon-
hydrogen combustion reéults are~incoﬁsistént bﬁt
‘nitrogen combustion showed 10.82% (calc.10. 22%

2) No solvent-hot

The same quantities were used. The 2;7~dihydroxy—
‘naphthalene, dimethylamine mixture was heated on a
water bath until all the 2,7-dihydroxynaphthalens
dissolved. AThe formaldehyde was then added Slowly
- at 80~90 degress. ’A pre¢ipitate formed while still
hot. The mixture was codied andkprécipitate filtered
and washed with water till all traces of formaldehyde
and dimethylamine were removed. Repeated recrystalliza-
'tioh;from,ethanol gave a dafk‘yellow—brown solid with
a~dec0mp0$ition point of 195 degrees. Consisteﬁt carbon-
hydrogen combustion results could not be obtained.
‘Nitrogen combustlon gave 5.96% (calc.lozz%
8) Alcohol Solvent-cold

2, 7.nihydroxynaphthalene {4g) and 10 g.of 25%
dimethylamine solution were dissolved in 25 ml.of
alcohél. Formalin (7gJ was ad&ed s10w1y with stirring

keeping temperature belbw 20 degrees. A precipitate




formed which was filtered and washed thoroughly

with water. The pale yellow powder (decomposing
at 149 degrees) provea to be the same as that
obtained from condensation in the cold with no

solvent.

'A summary of the condensaﬁion producﬁs obtained
fby the‘abové'standard‘methods:
(a) with P-nsphthol and
€i) dimethylamine
CondénsatiOns in hot or ccld solution
yielded the same product. Racrystallization from
methanol gave colorless~lea§es (M.P.73f74 degrees}).
Experimental; C, 77.82, H, 7.20, N, 7.10: Theoretical
for CEO N; ¢, 77.61, H, 7.46, N, 6.96. |
(ii) Piperidine
In cold solution a white powder was obtained.
Affér~re¢rystailization from methanol it had a melt-
'ing roint of 95 degrees. Decombe (8) reports a melt-
ing pbint of 94-95 degrees for this compound.
(111) Morpholine
Condensation in cold solution produced a

hard pink mass. Recrystallization from ethanol-water



yielded white shiny leaves of Melting Point 115-16

degrees. Experimental; C, 74.23%h, H, 6.50%, N, 6.1%h:
Theoretical for C.H O.N; C, 74.07%, H, 6.99%, N, 5.76k.
(b) Witk 2,7-dihydroxynaphthalene and
(i)~dimethylémine
In cold solution with no solvent, and
also with alcohol solvent, a pale yellow powder
was obtained. Repeated recrystallizatién would
not remove the color. The pdwder had a décomposiv
tion point of 149 degrees and nitrogen combustion
yielded 10.82% nitrogen.
~ If the condensation was carrleﬁ out at
80-90.. degrees 8 deep yellow brown solid was obtalned.
decomposing at 195 degrees. Consistent carbon-—
hydrogen results could not be obtained but nitrogen
combustion gave 5.98%.
(1i) Piperidine
Condensation in the cold with and without
solvent yielded the same product, & tan cclored

powder decomposing ét~155 degrees. No consistent
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combustion results could be obtained.

In a hot solution a dark brown soiid was
obtained. Repeated recrystallization from methanol
would not remove the color or change the decomposi-
tion point, which was 215 degrees.

(iii) Morpholine

Again both condensations in the cold
yiélded the same product, a green sclid which de-
composed about 155 degrees. Two crystallizations
from ethanol yielded pure white needles, melting
sharply at 164 degrees. ‘These crystals toék on a
green tinge aftar standing a few days. Experimental;
¢, 67.43%, H, 6.92%: Theoretical for G J,0,N; C,67.04%,
H, 7.26h. | |

The hot reaction, in this case, ylelded
the same product as the cold, if‘the solution was
allowed to remain hot no lohger than half an hour.
Prolonged heating yielded a greenfyellOW~powdef de-

composing at 211 degrees.

C) REDUCTIONS ATTEMPTED .

o(-ﬁﬁimethylaminomethyl)-ﬁ-naphthol was the

compound used in the attempted reductions since it
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was the cheapest to produce and the reduction

product, o -methyl-P-naphthol, is well known.

1) Catalytic
A solution of 2 g.of the Mannich base

(.01 m01é) in 50 ml.of 95% ethanol wasfmade and
0.1l g.of Adams platinum éatalyst added. A standard
Pérf low pressure hydrogenation apparatus was used.
The reduction was carried out at 45 pound pressure.
No drop in pressure was noted. After the platinum
was filtered off and the alcohol evaporated the

base was recovered intact.

2) Sodium Amalgam

The Mannich base (2g.;.01?mdla) was added to
75 g.of 2% sodium amaigamiin a flask. The flaék was
‘stOPSga and vigofoﬁsly shaken. No reaction,oecurréd;
After heating, it was subjected to further shaking
but no reduction took place. The base was recovered

unchanged .

' 3) Sodium Methylate (15)

Sodium (2g) was placed in a small glass pressure

bottle and 25 ml.of absolute methyl slcohol added. When



resction had ceased, 2 g.( .01 mole) of the Mannich
base were added and the reaction bottle tightly
sealed. It was kepb‘in'boilingiwatérffor‘24 hours.
" The sodium methylate wés decomposed with water and
‘the baSe'recovered unchaggeé; |

The same reagents'éere placed in a brass'bomb
and tightly sealed with‘a screw cap. 'The bomb was
.placed‘in;an~oii bath and heated to 220 degrees. Alla
attempts to make the bomb leakproof met with failure.
Aftér an hour, all the excess methyl alcohol had
 boiled away. The bomb was kept at 220 degrees for
16 hours. On céoling.‘a greenvbrbwnvsolid‘was.obtained;
which dissolved in water to a slightly basic solution.
Addition of acid precipitéteﬂ,a4brownicnrdy‘substanca.
~Réerystéllizatioﬁ‘fr0m benzene yields a brown.pdwder |
~melting at 199 degrees, which proved to be methylene
bisjﬁ~naphthol.

4) Sodlum Methylate on the Esterified Mannich Base

cienlmethylamlnomethyl)ﬂﬁ-naphthol (4g”.02 mole})
were plaeed«in a flask and dissolved in 10% sodium
hydroxide solution. bimethylysulphate'(3;5 g) was
added slowly with stirring keeping the temperature

below 20 degrees. More sodium:hydroxide‘was added




when necessary to keep the solution basic. When

all the dimethyl sulphate was added, 4.6 g.of &
greenish yellow gum were obtained. No attémptg‘
at crystallization of this gum were made, but(;;s
used directly in the reductidn,

| The‘tétal yiela of crdde‘méthyl ether was
dissOlved in 25 ml.of abaolute methanol in a pressure
flask and 2 g.of sodium added. After the reaction had
ceased, the flask was tightly stopperéd and put in |
boiling water for‘24 hours. The b{;gn semi-so0lid was
dissolved in 50 ml,of~hot water tjia‘bQSic solution.
Aeidificatiun thréw§ out a brbwn“predipitate decompos-
ing?at‘lvé degrees. Reérystallization from,bciling
benzene proved it‘to'be methylene§bis7ﬁénaphthol
(M.P.199 degrees).

5) Tetraacetate of 2,4,6-tri-(dimethylamenomethyl) -phenol

The procé%dure followed was that of Brunson and
MacMullen (Z).

A mixture of 94 g.of phenol ( 1 mole) snd 720 g.
of 25% aqueoas dimethylamine (4 mblas) wére cooled to

20 degrees and stirred while 315 g.of 35% formaldehyde



{3.5 moles} was added dropwise keeping the temperature

below 30 degrees. The mixture was stirred for one hour
after the addition at 25-30 degrees and finally heated
with good stirring under reflux on a steam bath at
90-95 degrees for two hours. To the hot solution 200
g.of sodium ehldfida Weie added and the mixture stirred
for 20 minutes at 90495 degrees. An 011 1éyer separated
and was distilled at 170-185 degrees at 20 mm. Yield
60 g. This was heated with 125 g.of acetic anhydride
under reflux at 90-95 for three hours and distilled
under reduced pressure. The tetraacetate distilled at
217-220 degrees at 11 mm. It is a clear water-bright
oil. | | |

The following reduction methods were tried on
this compound:
() A solution of 3 g.(1/100 mole) of the tetra-
acetate in 50 ml. of ether was made and 6.15 g.of
palladium-charcoal catalyst added. The mixture was
shaken in a Pair hydrogenator at 3 atmosphere for two
hours. No féll in pressure was noted and the tetra-

‘acetate was recovered unchanged.



(b) Three g.of the compound were dissolved in

50 ml.of ethanol and 2 g.of copper chromite added.
No reduction t0ok place in two hours in the Parr
hydrogenator.

(¢} The tetraacetate (3 gJ was dissolved in 25
mi.of abSolute methanol in a pressure bottle and

2 g.of sodium added. After reaction ceased, the
bottle was tightly stoppered and heated in boiling
water for 24 hours. The tetraacetate was recovered

unchanged .



S UMMNARY

The following new compounds have been synthesized:-

'l) c(-(dimethylaminomethyl)-,3 -naphthol

CH3 bH$

Cblorless leaves
' M.P. 73-75 d‘egre'es
2) oL~ morphblinqme thyl) -P-ﬁaphtl‘dql
» c,l-'s_"ﬁl",.\
\LH —f_(.}y/ ‘
C”x White shiny leaves

~ ;
M.P. 115-16 degrees

b@ .
3) 1, 8‘%dimethylamlnomethyl}-z 7-dihydroxynarhthalene
°”3 Jeby c\h ety

Yellow powder

T:j:]::i:r M.P. 149 degrees (dec.)

 bis '
4) 1 85(piperidinomethyl)—2 7-dihydroxynaphthalene

e~y PN “‘Hx‘ CH, : o
C”Q+ cﬂ, \aH-oH Tan powder

{ii:l:i:] M.P. 155 degrees (dec.)
Ho o4 ‘



5) | 1}~8-—di(1:orpholinomethyl ) =2, ?-dihydrokynaphthélen&

eH ~cH
o/ 4 \N N/ K
\C.R,,-o//*’l 1 Gl ~cH)

cn, White needles

Hi- <N
cHy (AW

Ho o M.P. 164 'degrees.
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PART 11

THE PREPARATION AND CHARACTERIZATION OF TETRAHYDROFURFURAL
AND TETRAEYDR(}FUROIC ACID



INTRODUCTICHN

Work is being carried out in this institution
by A. Giesinger pertaining to the chemistry of di-
hydropyran (I). The chlorohydrin of this has been
obtained~(11)~and its @mpirical structure proved by

 analysis. ESE
O Qs
I T

In aqueous systems the chlorohydrin exists in

equilibrium with an aldehyde form.

R — e
p——
oH HO
0 OH

&ttempts to produce the 2,4-dinitrophenyl-
hydrazone of‘this'compound yield a'product contain-

ing no chlorine, This same phenomenon has been

observed with the bromohydrin. The 2,4?dinitro-
phenylhydrazone and the osazone have melting points

corresponding to those of tetrahydrofurfural. A

' hypdthesesfas to the formation of this aldehyde has



been put forward involving ring cleavage and

reformation to a five-membered ring by loss of

@ N Ly —_—
OH O

The characterization of tetrahydrofurfural

HCL.

‘and the corresponding tetrahydrofuroic acid has

been rather lightly treated in the literature. The
purpose of this research was to prepare these com-
pounds by;independent<means and to make enough

derivatives to fully characterize them.




LITERATURE SURVEY

DIHYDROPYRAN

As this work is not primarily concerned
with dihydroPyran,‘no;literature survey will be
‘given here. A compléte survey has been made by

féieéingerr(7)‘in his M.Sc. thesis.

TETRAEYDROFURF URAL

1) PREPARATION

Only three methods of preparation of tetra-
hydrofurfural have been deScribed in the literature,
two usihg furfurél as a starting;material and one
using tetrahydrofurfuryl alcohol.

The earliest preparation was from the acetal
of furfural, first produééd;by~613156n~(2) ﬁy react-
ingycrthoformic ester with furfural, and later by
Adkins and his co;workers (1) using absolute ethanol
and dry hydrogen chloride with furfural. Scheibler,
SoﬁScheck and Friese‘(IV} succeeded in reducing the

acetal with hydrogen using colloidal platinum, or



Palladinaeted charcoal. Later Adkins et al {3}

- accomplished the same result using Raney nickel
at 200'atﬁasphar63hydrogen pressure. The yields
by this method are not good and the product is
contaminated by impurities,,mainly'teﬁrahydro—
furfuryl alcohol, which are difficult to remove.
, A second and much better procejydure is that
of reduction of the diacetate of furfural. This
was done by Scheibler, Sotscheck and Ffiése (17).
The diacetate is easier and less expensive to

produce than the acetal and its reduction givés;

rise to no undesirable side products. The di-
‘acetate is produced‘by merely refluxing distilled
furfural with acetic anhydridé,and glacial acetic
‘acid and then fractionating the resulting mixture.
The solid diacetate is reduced in ether solution
using hydrogen and palladinated charcoal. The‘ra—
sulting~tetrahydrofurfural diacetate is easily
saponified with dilute acid.

The third method was reported by Hinz, MéYer

and Schucking (9). It consists in the oxidation of



tetrahydrofurfﬁryl alcohol. ©Sodium dichromate
in acid solution was the oxidizing agent. A nine
percent yield of tetrahydrofurfural is reported
along with unchanged alcohol, tetrahydrofuroic

acid, and the ester resulting from the latter two.

2) DERIVATIVES

The 2;4-dihitr0phenjlhydrazoné:has'been
variously reported. Hinz, Meyer and Schucking (9)
obiained two forms, a yelloﬁ‘one from ice cold
solution (M.P.I&ﬁée'degrees)‘and a red one‘ét‘room
témperature'(M.P.zOé degrees). Theky3110w form‘is
unstabie‘and changes to red on standing. Wilson (21)

obtained the 2,4-dinitrophenylhydrazone from aqueous

solution and reports the melting point at 130-31 degrees.

Hurd and Edwards (10) also made this derivativa;but no
details as to how_it;was prepared are reported. Their
melting poiﬁi‘was 133-34 degrees. The last WO
references make no mention of a higher melting form.
The benzylphenylhydrazone was first obtained by
Scheiblér, Sbtéeheck and Friese 117). They produced‘

small wéaklyfyellow crystals of melting point 67 degrees.




Hurd and Edwards (10) made this derivative and

give the melting point as 78-74 degrees.

Hurd and Edwards (10} made the osazone
from the 2,4-dinitrophenylhydrazone and give the‘
melting point as 242 degrees. These workers also
‘made the,p;nitTOphenythdrazane melting‘at”l46—147
degrees. ‘

McElvain (15) in a table in his text book,
iiSts a semicarbazone of‘tetrahydrofurfural; There
~ is no mention of the source of this information.

These are the only five derivatives of tetra-
hydrofurfural mentioned in the literature and there
~seem %o be some discrepancies concerning the melting.

points of some.

TETRAHYDROPUROIC ACLD

1) PREPARATION

wiéﬁhaﬁS‘and Sorge (20) report one method of
preparation‘by the reduction of furoic acid; using
a colloidal suspension of palladinous chloride with

hydrogen. It was later accomplished by Kaufmann and




Adems (12) using hydrogen and platinum with a

smali amount of ferrous chloride as catalyst.
Paul and Hilly (16) used Raney nickel at high
hydrogen pressure to produce the tetrahydro-
furoic acid. | |

The only other pfeparative method is that
of Hinz, Meyer and Schucking (9) by oxidation of

tetrahydrofurfuryl alcohol previously discussed.

2) DERIVATIVES

The tetrahydrofuroamide was prepared by
Weinhaus and Sorge (20), who obtained white leaves
of melting point 80 degrees. The amide was also
reported by Paul and Hilly (16) who give the melting
point as 78-9 degrees.

Kleene (13) attempted to make the phenacyl-
ester without success. He.made the p-phenylphenacyi
ester, a white powder of melting point 100 degrees.

These are the only two derivatives of tetra-

hydrofuroic acid reported in the literature to date.




 DISCUSSION OF RESULTS

A) PRODUCPION OF TETRAHYDROFURFURAL

Since there were large quantities of tetra- -
hydrofurfuryl alcohol on hand in this 1aboratory.f
the oxidation of the alcohol was the first method
triéd for the preparation of tetrahydrofuifural.

Hinz, Meyér~and Séhucking (9) used sodium
dichromate in.acid solution as their oxidizing agent.
They obtained a’9%-yield of tetrahydrofurfural and
20% yield of tetrahydrofuroic acid. The work was
repeated but the best yield obtained was 6% of the
aldehyde and no acid at all. |

| Since the yields were so low, other methods
of oxidation were tried. Farkas and Schlchter (6)
oxidized benzyl alcohol using:a mixture of potaséium
bromate, hydrochromic scid, and water. This method
was tried on tetrahydrofurfuryl:aleohol but the best
yield obtained was 4% of the aldehyde. A modification

- 0f this method by the same workers using bromine in-

stead of hydrochromic acid gave a 5% yield.

Oppenauer oxidations were tried of the general

typek ;
’ | [:::]O AL

ng&oH+—Rtho S ;Q~QHO+—QKCH10H



Aluminum phenolate-quinone mixtures had no effect

on yetrahydrofurfuryl alcohol. Lauchenauer and
Sching (l4) give a complete method for oxidation

using aluminum~130prqpnxidé and;aniséldehyda as a
hydrogen acceptor. This method produced no tetra-
hydrofurfural either, | | VJ

‘The method of Scheibler, Sotscheck and Friese

(17) proved tb be the best both for purity and per-

cent yield. It involves the production of the diacetate
~of furfural, ca%alytic hydrogenation of the double bonds,
he & ‘

e barl S

of the tetrahydrofurfural diacetate.

“ “ —/}E—Ci/i—"; “ u 6-co-cH,
clHo AQLO L CH: ‘

o O~L0“¢143

l‘/[HJ
ditute U o-co -y
! ] T CH’
. cHoO /ﬁ,soy YMo-co-cHsy

[e]

An overall yield of 13 percent was obtained and the

product contained no furfural as shown by the sensitive




aniline acetate test.

A few of the refinements suggestéd by Scheibler,
Sotscheck and Priese were found to be quite unnecessary.
They state that, since the hydrogenationvcannot be ine
terrupted, only 5kg.of diacetate may be reduced at one
time. Also these authors claim no hydrogen absorption
takes place unless the ether used as solvent be pre-
viously washéd with sodium hydroxide solution, alkaline

permanganate solution, water and dried with caleium

chloride and sodium wire. It was found possible to
reduce 25 g.in ordinary untreated ether easily in two
hours or less if the diacetate was used immediately

after recrystallization.

B) DER;[VAT‘IVES OF TETRAHYDROFURFURAL

No solid;phenylhydrazoné,was obtained.;Thisk
agrees'with Scheibler, Sotscheck aﬁd Friese (17) who
obtained a yellow-red o0ily product wﬂich crystallized
only with difficulty and resinified easily.  these
workers also failed to get a solid derivative with
hydroxylamine as was the case in this work.

A semicarbazone of tetrahydrofurfural (M.P.166

degrees) has been reported by McElvain in his text book



(15) but no reference is given. Repeated attempts

to obtain this derivative met with failure.
The anitrophenylhydrazone was easily obtained
whose melting point (146 degrees) égrees with that
, reportéd‘by Hurd and Edwards (10), Theseuworkers
report a yellow derivafive, The one obtained here
was red, but on grinding to a fine powder becomes
bright yellow. The hyd?azone can be further treated
to form the osazone by boiling with excess hydrazine
’in acid solution. 7
The behzylphenylhydraZOne obtained agrees in
‘form and melting point with that of Hurd and Edwards.
Methoné‘(555—dimethyldihydroresdreinol) forms
a derivative very easily and simply and may easily
be cyclized to a second derivative by~the;general‘

method of Horning and Horning (11)
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Benzohydrazide and o-chlorobenzohydrazide,

although useful reagents for many carbonyl com-
pounds, failed to yield derivatives with tetra-
hydrofurfural.

Although sémicarbazide gave no derivative,
it was thought that substituted semicarbazides
might do so,in‘an analngus:manner to‘phenylhydrae
~ Zine'and subStitutéd phénylhydraZines. Accor&ingly
the phenylsemicarbazida;and‘métOlylsemicarbazide
were prepared and condensed with tetrahydrofurfurél'
to yield the phenylsemicarbazone and m-tolylsemi-
‘G&fh&Zone‘respectively;

The hydantoin, recently developed by Haﬁie and
Speer»(81,°iaiied to-give‘any resui£s‘under any con-
ditiouns.

- The 2,4-&initrephenylhydrazone, whose melting
point is variogsly givén as 130-31 dagraes, l35?54
degrees, 135-36 degreeé. 204 degrees, was most easily
prepared according to the directions~o%;Shrinerkand
Fuson (8) by the sulphuric acid‘method./ However
even after six recrystallizations the maximum;meltihg

point obtained was 129 degrees. Various modifications



of this proceddure and that of Hinz, Meyer and

Schucking (9), using aQueous hydrochloric acid
solution, were tried, all with the same result.
The 2,4-dinitrophenylosazone was easily
\p:epared ffpm t@§ corfestnding,hydrazone in
acidicwméthénOI‘solutibn; Four recryStaliiéa~
fions~are necessary to raise the melting point

some forty degrees to a constant value of 241-42

degrees.,

 ¢) PRODUCTION OF TETRAHYDROFUROIC ACID

Xaufman and Adams (12)'were the first to
carry .out the redugtion of furoic acid in alcohol
sblution. They report a 40 percent yield from 25 g.
of furoic acid, with unidentified low and high boil-

~ing fractions. The work was repeated in these

quantities with the same results. However, it was

found that if only 0.1 mole of furoic acid (11.2 g)
was . o
2% used there was obtained an 80 percent yield with

no other frsctionse.

D) DERIVATIVES OF PETRAHYDROFUROIC ACID

Of the three solid ester derivatives prepared,



thefpéphanylphenacyl ester is the only one pre-
viously reported. Kleene {13) reports it as a white
crystalline powdér melting at 100 degrees. Repeated
preparations with slightly‘variad‘prcca\dures~always
produced a white powder, melting at 84‘degrees. The
combustidh analysis of this compound cheeksfvery |
- well with the theoretical, as does Kleene's. There

~are two possible explanations for this phenoménon.

Either there are two allotropic forms of this compound

or Kleene has failed to produce an ester but only-
hydrolyzed the phenacyl bromide’t0~p—phenylphenac&1
alcohol., |
The second possibility may be ruled out on the
grounds of the cdmbustion analysis. The following
is a comparison of combustion results:
‘Cale. for ester ¢ 75‘54 H 5.80
Calc. for aleohol € 79.24 H 5.66
~xléene?s results c;«vs;so H 5;59~
Although the hydrogen value would fit the alcohol
valuedbetterfthah'that of the ester, the carbon
compérisbn removes all doubt,‘leaving two allotropiec

forms as the only other possibility.
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The~phenylhydrazide,prepared‘by refluxing
phenylhydrazine with the aldehyde, is a useful
derivative due to its ease of preparation and
purification. It has a melting point of 135 degrees.

| The water-ether partition coefficient, although
a useful means of identification;‘may‘only be applied

to the acid if it is entirely pure.




EXPERTMENTAL

A) PRODUCTION OF TETRAHYDROFURFURAL

1) Sodium Diéhromate Gxidation of Tetrahydrofurfuryl Alcohol (9)
Tetrahydrofurfuryl alcohol (102 g., 1 mole) was
mixed with 60 ml.‘of 1:1 sulphurlc acid under cooling
and to this solution a mixture of 93 g. of sodium di»
chromate in 62 ml. of concentrated sulphuric acid and
400 ml. of water was sdded dropwise with stirring, keep-
ing the temperature below 30 degrees. The reaction was
finished only after two days. Sodium sulphéte {200 g.)
was added to the reaction mixture and the solution
extracted several times with ether. The combined extracts
were washed with 10 per cent sodium chloride solution,

dried ovef SOdium~sulpha£e and fractionated. There were

obtalned 5.8 g. of tetrahydrofurfural (6% of theory)
B.P. 48-52 degrees/ZOmm., 15.2 g. of unchanged alcohol,

and a gum on the bottom of the distillation flask.

2) Potassium Bromate-Bromine Oxidation of Tetrahydro-
furfuryl Alcohol. (&)
The alcohol (51g,,.5 mole} 30 g. of water, 36.5 g.

of potassium bromate and 2.5 g. of bromine were put in a



200 ml. flask equipped with reflux, thermometer and
stirrer. For the first 20 minutes the mixture was

kept at 40 degrees; then the temperature raised to

| 50 degrees and kept constant till the color of the
bromine beg?k& to disappear (3 hours). The temperature
was slowly raised to 70 degrees aﬁd finally~tb 100
degrees and there the reactionf@?ought;to~completien,

- The solution was extracted several times with ether;
the combined extracts dried and fractionated. There
were obtained 2.4 g. of tetrahydrofurfural (5% of
theory), 7.4 g. of unchanged tetrahydrofurfuryl alcohol

and 10 g. of dark brown viscous gum.

3) Reduction of the'Diacétaté‘of‘Furfural'(l7)
Redistilled furfural (75 g.) was heated with 135 g.

of acetic anhydride and 30 g; of glacial acetic acid~far 

four\hours atW1604170‘degrees‘under reflux. Thekmixture

‘was distilled under reduced pressure, and after a forerun

to get unchanged starting materials, 32 g. of diacetate

- went over at 128+150Ndegrées,at 17 mm. The forerun was

 refluxed for six hours after the addition ofkanother 125 g.




of acetic anhydride and 10 g. of glacial acetic acid

and then allowed to stand at room temperature'for

three days. This was then distilled under reduced
prsssuré and a further 21 g. of diacetate obtained

(total yield 356 %) . The greenish so0lid may be recrystall-
ized‘frém 1510 ether4pé£roleum ether giving a puré white

solid melting at 52 degrees.

The diacetate‘(25 g.) was dissolved in 150 ml. of
ether, O¢90 g of‘palladium‘charcoal added and put in
‘Parr hydrogenator. The~ieduction was finished in about
two hours. After evaporation of the ether the tetra-
‘hydrofurfural_diacetate may be isolated by vacuum disé
tillation (B.P.133 degrees/30mm).

The ether solution'was placed in a 2-neck 300 ml.
flask and sthef distilled off. The residual tetrahydro-
furfural diacetate was boiled with an equal volume of
l’nOrmal‘sulphuric;acid in a nitrogen stream for 15
minutés after solutidn, then cooled in a nitrogen stream.
The solution was neutralized with SOdium carbonate and
extracted with ether. The ether was evapbrated‘and the
tetrahydrofurfural distilléd'under reduced pressure
(B.P. 48¥52 degrees/30mm) . The yield was 6.7 g. (40%).
Overall yield was 13%.



B) DERIVATIVES OF TETRAEYDRGFUBFURAL

1) Phenylhydrazone

‘Ten drops of tetrahydrofurfural were dissolved
‘in 2 ml. of ethanol and water added to the cloud
point. Five dréps of phenylhydrazine were added
along with a drop bf glacial acetic acid snd the
mixture warmed for s few minutes. On cooling, an
oily Scum‘settled“to the bottom, which could not be

made to erystallize.

2) Semicarbazone

Pen drops of tetrahydrofurfural were dissdlved
in 5 ml. of ethanol snd water added to the cloud point.
0.5 g. of semicarbazide hydrochloride and 0.7 g. of
sodium acetate were added and the mixture vigorously
shaken. ‘It waé heated o 100 degrees for a few minutes,
allowed to cool, end then chilled, scratching the sides
of the vessel with a glass xod. There was no appearance

~of crystals after one week in the icebox.




3) Oxime

A mixture of 1 g. of tétrahydrofurfural, 1l g.
of hydroxylamine hydrochloride, 5 ml. of pyridine,
and 5 ml. of absolute ethanol was refluxed for two
hours on a steam bath. The solvents were removed
by evaporation in a current of sir. The only residue
‘obtained was the original reagent. A more strongly
basic solution using sodium hydrbxide was tried but

no derivative was obtained.

4) ?*dﬁtroPhenylhydrazone

A~miiture of 0.6 g. of p-nitrophenylhydrazine, -
10 drops of tetrahydrofurfural, and 10 ml. of ethanol
was heated,to boiling énd~l drop of glacial acetic
~ acid added. The solution was kept hot for a few
minutes, then water added to the cloud point and
cooled. 0.25 g. of dark red needles were obtained
which, after recrystalliéation from ethanol,,melted
at~146 degrees. Finer sﬁbdivision of the derivative

changes the color to a bright yellow.




5) p-Nitrophenylosazone

The p;nitrophenylosazcne was prepared by con-
densing 0.6 g. of the p;nitrophenylhydrazone'of tetra-
hydrofurfural with 1.2 g. of p-nitrophenylhydrazine.
A methanol'solution’of these was refluxed for 4 hours
with 4 drops of concentrated hydrochloric scid. A dark
redébiack powder separates on eooling. Recrystalliza-
tion from methanol yields a &ark red powder melting‘at
246 degrees with slight decompcsition. 4Experimental;’
¢, 55.81%, H, 4.37%: Theoretical; for C,H,:04N, ; C,
55.14%, H, 4.86h.

6) Benzylphenylhydrazone

To 100 ml. of a saturated aqueous solution of
benzylphenylhydrazine hydrochloride was added 0.5 g.
of tetrabydrofurfural and the solution cooled in an
icsbox. A'réd‘masstﬁmﬁprecipitated‘which, after 2
recrystallizations from methanol, begime% nearly

~colorless plates of melting point 74 degrees.

7) Methone (11)
To a solution of 0.1 g. of tetrahydrofurfural

in 4 ml. of 50% ethanol is added O.4 g. of methone.




One drop of piperidine is added and the mixture

gently refluxed for 5 minutes. Water is added to the
cloud point and the mixture chilled. The derivative
after filtration is washed with 2 ml. of cold 50%
alcohol. The yellow eryétais meit;at 151 degrees, but
after recrystalliZatidnlfrdm methanol?water‘the very
‘ pale yellow sheéts‘have;a melting point of iﬁSfdegrees.‘
Expefimentai; C. 69.71%, H, 8.14%: Theoretical for
C,H,Os; C, 69.89%, H, 8.29%. : |

The methone condensation product may be con-
verted to a substitute octahydrozanthene (i,é.cyclizad}
by boiling a solutibn of 0.1 gs‘of the methone‘de-
rivatiVe in 3 ml. of 80% ethanol adding 1 drop of
conéentrated hydrochloric acid. After five minutas;
.water is added to the cloud pointAand the mixture
cooled. Yellow leaves (M.P;194kdegreeS) are obtained
which, afﬁer,rechStallization from methanol, are pure
white'and have a melting poinﬁ of 195 degrees. Experi-
mental; C, 73.02%, H, 7.95%: Theoretical for C,H,0.;
¢, 73.25%, H, 8.14%.

8) Benzohydrazone
To prepare the benZohydrazide, 3.5 g. of ethyl
benzoate, 1.5 g. of 85% hydrazine hydrate, and 50 ml.
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of alcohol were refluxed for 12 hours. The resulting
0oil, on chilling, ptecipitated white leaves. The
crystals, on recrystallization from ethanol, melt at
112 degrees. ”

The benzehydrazide could not be made to condenSé

with tetrahydrofurfural under any conditions.

9) o-Chlbrobenzhydrazone,

.. - The o-chlorobénZohydrazide was prepared as by

Sun and Sah (15). Chlorobenzoic scid, (15 g.) wewe.
dissolved in 50 ml. of ethanol and 10 ml, of concen-
trated sulphuric acid added. The mixture was refluxed
for two hours, cooled and extracted with ether. The
ether was washed with water and sodium bicarbonate )
solutlcn and distilled. The ester b01ls\Q50-l40 degrees
at 28mm. Yield‘loig, The ester (10 g.) was refluxed
with 10 ml. of 85% hydrazine hydrate for 24 hours. On
cooling the whole mass turkefé plnk SOlld. @n re-
crystallization from ethanol, 8 g. of pure white needles
melﬁing at 117 degrees were obtained. |

All attempts to form the o-chlorobenzohydrazone‘

of tetrahydrofurfural were unsuccessfﬁl.
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10) Phenylsemicarbazone

The preparation of phenylsemicarbazide involved
a number of steps.

Urea (10 g.} was dissolved in 60 ml. of water
- and 20 ml. of concentrated nitric acid added. Urea
~nitrate precipitated 1mmed1ate1y and 13 g. was filtered
off and dried. Dry powdered urea nitrate (10 g.) was
‘added gradually $0 20 ml. of cold, concentrated sulphuric
acid keeping the temperature below 3 degrees. The yield
of nitrouréa;was 7:5 g

Nitrourea; (5.3 g.) was dissolved in 100 ml. of
water and 4.7 g. of sniline added (4). The mixture was
warmed to0 initiate the reaction. When the evolution of
ﬂgas‘ceased. the solution was cooled and precipitated a
brownish powder. On recrystallizatibn.fr9m hot water,
white needles of phenylurea (M.P.147 degrees} were
obtalned. | | |

Phenylurea (5.69 g ) and 8.g. of 40% hydra21ne
hydrate were refluxed in absolute alcohol for 24 hours.
Evaporation of the ethanol leaves a white solid with,
a crude melting point of 108-112 degrees. This crude
- solid was dissolved in ethanol and equal volhmes of

concentrated hydrochloric acid added. The hydrochloride



was filtered off and dissolved in water and the free

' hase}precipitated with 10% sodium hydroxide sclution.
It is a pure white powder {(M.P.120-21 degrees).

One g. (.01 mole) of tetrahydrofurfural was
dissolved with 1.5 g. of phenylsemicarbazide in 10 ml.
of 95% ethanol and 5 ml. of glacial acetic acid. The
solution was chilled o&ernight but no precipitaﬁe;was
formed. The mixture was then refluxed for 17 hours.

A white precipitate was obtained on cooling, which had
a melting point of 230 degrees; Experimental; €,61.24%;
H, 5.98%: Theoretical for C.H_0,N; C, 61.80%, H, 6.4%%.
11)_meT01ylsemiCarbazohe

The m—tolylsemicarbaZide was prepared in an
exactly analogous manner to that of phenysgmicarbazide.
The crude m-tolylurea was recrystallized fromiwéter )
and had a melting point of 142 degrees. ‘Condensation
with hydfazine hydrate yields a greyish-purple produét
which, on purification melts at 110 degrees.

m-Polylsemicarbazide (1.5 g.) was dissolved in a
‘mixture of 10 ml. of ethanol gndf57m1. of glacial

acetic acid and 0.8 g. of tetrahydrofurfural added.
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ﬁokprecipitation occureef, The mixture was then
boiled for 17 hours. A brown solid separates on
cooling. When recrystallized from aleohol it
was pure white with a melting point of 231-232
dagrees. ~Experimental;\6,765.90%, H, 6,64%:
Theoretical for G, 0, C, 63.16%, H, 6.89%.

12) Hydantoin (8)

One g. (.01 mole) of tetrahydrofurfural was
dissolved in 25 ml. of 50% ethanol and 4.5 g. (.04 Mole)
of ammonium carbonate and 1.3 g. (.02 mole) of potassium
~cyanide sdded. The mixture was warmed at 60 degrees
for two hours. The solution was then concentrated to
two-thirds of its coiume and chilled. Ko hydaﬁtoin
separated. The solution was acidified with hydrochloric
‘acid in the hood, and further chilled. Still 1no pre-
cipitatidn~occurred., The mixture was evaporated to
dryness and extracted with boiling benzene Sevéral
times. Thetbenzene on evapcrgtiényleft‘only a‘littié

inorganic residus.

13) 2,4-Dinitrophenylhydrazone
To 0.4 g. of 2,4-dinitrophenylhydrazine was added

2 ml. of concentrated suiphuric acid. Water (3 ml.}



was added dropwise with stirring until solution was

complete. Ethanol (10 ml.} was added to this warm
solution. This solution was added to a solution of

0.5 g. of tetrahydrofurfural in 20 ml. of alcohol

'and allowed to stand over night. The red precipitate
melts about 100 degreeé. Three recrystallizations

from ethanol brings the melting point up to 129 degrees
and changes the color from red to 6range#yellcw. A
fourth recrystallization from ethanol makes no change

in the melting point or color,and two further re-
crystallizations‘from toluene have no effect.

A second method for the preparation of this
derivative is that of Hiﬁz, Meyer and Schucking (9).
One normal hydrochloric acid (100 m;.)~was saturated
with 2,4-dinitrophenylhydrazine (aboﬁti.s g.) at room
‘temperature and 1 g. of tetrahydrofurfural added. A
yellow cloudiness forméfimmediately but on standing
a red solid sepérated.ﬁhich melte(aboﬁt 120 degrees.
Repeated recrystallizations from toluene will not raise,
the melting point above 129 degrees but does change the

color of the compound to yellow.



14) 2,4-Dinitrophenylosazone

| The 2,4-dinitrophenylhydrazone (.5 g.) was
dissolved in 100 ml. of methanol and .8 g. of 2,4-
diﬂitrophanylhydrazine and a few drops of hydro-
chlbric aeid added. The solution was boiled under
refiuxffdr 6 hours‘and cooled.‘ A red~preCipitaté‘

| formﬁfrmelting about 205 degrees. Four recrystalliza-
tions from nitromethane'bring the melting point up %o

241-42 degrees and changé’the cclbrfto a bright orange.

c) PRODUCTION OF TETRAHY?RQEUROIC ACID »

The acid was produced by the reduction of furoic
~acid, which in turn was obtainad by oxidation:of furQ
fural. |

1) Furoic Acid (5)

Potassidm permanganate (10.5 g.) dissolved in

400 ml. of water was adde&‘slowly:at;20 degrees to a
mixture of 9.6 g. of furfural, 26 g. of potassium
hydroxide and 400 ml. of water. The manganese dioxide
was filtered off and the solution aeidified with sul-

phuric acid and evaporated to about 40 ml; Bcﬁe charcoal



was added and the mixture boiled for 20 minutes.

On fxlterlng and coollng 5.8 g. of furoic acid
(M.P. 128-130 degrees) were obtained, a 52% yield.
2) Reduction of furoic acid.

Furoic acid (11;2 ge, .1 mole) was dissolved
in 100 ml. of 95% ethanol and .9 g. of palladium
charcoal catalyst added. The mixture was reduced
in a Parr low pressure,hydrogenator'ih two hours.
The catalyst was filtered off and the soluiion
evaporaﬁedfuhder reduced pressure. A‘clear color-
less 0il (9.5 g;),wentVover at 133-138 degrees at
14 mm. pressure, representing an 80% yield.

The‘réduction was also attempted on a double
écaie;~using‘22.4;g. of furoic acid. On distillation
there was obtained, after the alcohol bbiled off, a
forerun up to 130 degrees at 12 mm. of 11.8 g. of
clear‘water bright liquid. The tetrahydrofuroic acid
came off at 130-136 degrees (9.8 g.) leaving‘a;dark
brown residue amounting to 2.3 g. This ié a 42% yield

of the acid.



D} DERIVATIVES OF TETRAEYDROFUROIC ACID

1) p-Brbmophenacyl ester

One‘gram of the acid was neutralized with
'10% sodium hydroxide solution. A few drops of
the acid were:added $111 the solution was just
acid to litmus. One‘gram7bf,p?bromOPhenacyl bromide
dissolved in 15 ml. of ethaﬁol was added°and the‘
‘mixture refluxed for one hour. On coolihé'brown
leaves were obﬁained; TheSé were dissolved in
alcohol and poured into an equal volume of water.
Pure white shinykleavas,melting at 83%.5-84 degrees
were obtained. Exyerimentai; c, 49.35%, H, 3.86%:
Theoretical for €.H_0,Br; C, 49.84%, H, 4.15%.

2) péﬁitrobénZylfeSter“ -

The same procekdure as above was followed.
Recrystaliization from ethanol§water yields white
shiny leaves melting at 52455;degrees. Experimentalj
¢, 58.07%, H, 5.2%: Theoretical for C,QH,%O‘N; ¢, 57.3%,
B, 5.17%. | |




3) p-Phenylphenacyl ester

The same procefdure to produce the derivatives
was followed. Recrystallization from ethanol water
produced white crystals (M.P.84 degrees). Experimental;
C, 73.47h, H, 5.9%%h: Theoretical for CoH0,; C, 73.54%,
H, 5.60%. | |

4) Phenylhydrazide

One gram of the acid was boiled with 2 ml. of
phenylhydrazine for 30 minutes. The mixture was
chilled and 10 ml. of bénZene added which brings out
brown crystals; These were recrystallized from hot
benzene yielding pure white neédles of melting point
135 degrees. Experimental'nc 63. 88% H, 7 44%-
Theoretical for C, H,,‘OQN ¢, 64.07, H, 6.7%.

5) Water-Ether Partitlon Coefflclent

Two grams of tetrahydrofuroic acid were dissolved
in 50 ml. of distilled water. Ten ml. of this solution
were titrated with standardized sodium hydroxide solution,
phenolphthalein beingkused as the indicator. The,exagt
nérmality of the original acid solution was calculated

and a portion of it diluted with distilled water to make



the solution 0.100 K. Fifty ml. of this solution
were transferred to a ZOOiul. separatory funnel and
50 ml. of water-saturated ether added. The mixture
was shaken for five minutes, the layers separated and
each titrated against the standard sodium hydrbxidé
solution. Tha‘réﬁio of the conéentration in water to

 that of ether was found to be 4.12.



SUMMARY

The following derivatives have been prepared
and proved by combustion analysis or melting point
checks; In the case of previously prepared compounds,

references are given.

Tetrahydrofurfural . o M.P.

2,4-diﬁitrophenylhydrazone‘(5);(7).(6) 129°

2,4~dinitrophenylosézbne (6) 241-42°
p-ﬁipraphenylhydrazone‘(6) 146-47°
p-ﬂithphenyIOSQZOHS ' 246° 4
Benzylphenylhydrazone (3),(6) [ 745
Methone | | | 158 °
Cyclized\methone‘ ‘ 195 °
Phenylsemicarbazons 230 °
m-Tclylsamicarbazone ' ; 231-32 °

Tetrahydrofuroic acid

p;Brombpheﬁacyl ester ‘ \ 83.5-84° |
p-Nitrobenzyl ester | 52-53°
pa?hehylphenacyl ester (11) 84°
Phenylhydrazide | 135°

- Water-ether partition coefficient 4,12
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PART 111

THE PREPARATION OF SOME UNSATURATED MALONIC ESTERS
'AND BARBITURATES



INTRODUCTICN

Many substituted unsaturated malonic esters
have been made by a Knoevenagel reaction with

‘aldehydes of the type:

,e00 S Hy

: oc, He H=¢C
cHO P > S K0 < ‘cooc.a/Jé,

+ C\Hl_
COOCLHK

This type of compound has also been made from

- ketones using acetic anhydride:

C-Hs\ coo f-)_/-’bd C”a\c‘ ;/c'ooc')-ﬂéﬂ

. Ac, O +2mCe
Czo + CH > N _
cH3/ Nooe H " Hao C’H.s/ ceeesfis
Ly

but very few of this type have been reported.
Althoughysome unsaturated barbiturates have

been made, for example, benzylidene barbituric Gfdﬁl

7 /CO—I\/“'\
. QH:Q\ (-]
) co~nH

~directly from the aldehyde plus barbituric acid,
ns attempt3~have been reported to put the unsatur-
atéd,malonic esters into barbiturate condensations.
Nor have any ketones been combined directly with

barbituric acid.
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It was the aim of this work to fill in some
of the gaps in the unsaturated malenic ester and
barbituric acid series. Phese barbiturates could
be tested by the Medical Research Departménﬁ for

possible physiological activity.




LITERATURE SURVEY

The Knoevenagel reaction is the condensation
of aldehydes or ketones with a compound containing
an active methylene group in the presence of piperi-
dine or other primary or secondary amines or ammonia

as condensing agent.

‘ Lco0cC, He
cHo+cﬂ:j°‘»“ffwfi£§::; (:::ICH;C*coocLHS
/ Yeooc, He

Many reactious of this type had been carried
out before but Knbé#ehagel'(9) was the first to
generalize the condensation. His work was concerned
only with aldehydes.

No attempts were made t0 put the substituted
malonic esters so produced into bafbiturate condensa-
tions. However‘CQnréd‘and Reinbach (4) produced the
barbiturates directly from the aldehyde plus bar-
bituric acid, by heating a water mixture of the two

on a water bath.

cHe /cf"NH LH=C co

\
+ cH, ¢o ——> NcCo- N7l

\co~mﬂ/



Meyenberg (13) produced the same type of
unsaturated malonic ester from acetone. However,
his method did not involve a~Khoevenaéel type\coﬁo
dénsing agent. Heiuséd acetic anhydride and zinc
chloride to react the ketone with malonic ester,

giVing rise to isopropylidene malonic ester.

CH B Ac. 0 ¢4 .
3\ ,“'°°¢;\."’ls the /3\ ,,_ooca_!-/(

Czg + M ——d, c= C

/ NI i / \
CHy coo ¢, He RPN CHy c oo, He

Cope and Hancoék (5) used meyenberg‘s method o
produce l-methylpropylidene malonate from methyi
éthyl Ketone . Cyéibpéntylidene malonate was pro-
“duced by K6n7and Sfeight (10)‘from cycloPéntanbhe
by the same method, but using?cyclohex&none the

only product isolated was ethyl é!vcycloheXenyl-

malonate.
eH, — ci
mcﬁ ) N\ L co00c, Hy
\.\ /C- CH
e, — e YcCooc, Hy

Barbituric acid itself was made by Blitz and
Wittik (2) from urea and malonic scid using acetic

anhydride as the dehydrating agent. Fhosphorous




roxychloride was aleo used as a condensing agent to
form barbituric acid from malonic acid and urea (14).
Attempts to produce substituted malonic acids in the
Knoevenagel manner, invariably resulted in decarboxy-
lation to éive a monobasic acid (1), (7), (12), so
this method of obtaining substituted mé1onic acids
and hence substituted barbiturates is not feasible.
The standard method of SynthesiZing bérbiturates

is that using sodium ethylate for the condensing agent
between urea and the malonic ester. This method had
never been applied to unsaturated malonic esters. The
double bond may possibly be reduced by the action of
sodium ethylate. |

| A summary of the‘unsaturated malohic esters and
barbitﬁrates described in the literature appears'ih

Table 1.




Carbonyl compound

__Mslonic Ester

R 7

TABLE I

Barbiturates

Formaldehyde
Acetaldehyde
Isobutaldehyde
Isoamylaldehyde
Heptaldehyde
Proponaldehyde
Benzaldehyde
Cumaldehyde
‘ p—Niﬁfobenzaldehyde
Anisaldehyda
Methylsalicylic
(aldehyde)
Plperonal ‘

Furfural

o-Nitrobenzaldehyde

o-Aminobenzaldehyde
‘cinﬁamaldehyde
Salicylic aldehyde
Acetone

Methyl ethyl ketone
~Cycibpentanone
m-Nitrobenzaldehyde
Butyraldehyde

butylidene-B.P.144/25mm

(8)
ethylidenebis-B.P.198- ?00/15mm

methylenebis

isobutylidenebis-B.P. 198/12mm
isoamylldenebls—B.P 2lé?§5/25mm
heptylidenebis-B.P. 195/iémm
propylidenebis—B.F 195(265/12mm

(11) R
benzylidene-B.P.185- 86/1?m M.P.256 (14)

(9
cumylidene-B.P.205- 208/l}mm

(9

(9)

anisylidene-B.P.200-207/14mm
methylsalicylidens B. P(?%S 95/14mm
plperonylidene-B,P.216£2;/11mm
furfurylideﬂe-B.P.léafgggm (9)

-nitrobenzylidene

M.P.280 (4)

M.P.250 (d)
(4)

yellow-red

powder (4)

M.P.226-28

(d) (4)

M.P.260 (d)
(4)

1sopropyliden6-B P. 140z41{20mm
13

" 1-methylpropylidene-B. % .134-36/22mm

cyclopentylldene-B P. 1%0/%Omm
10
m-nitrobenzylidene-(11)

(3)




DISCUSSION OF RESULTS

'A) MALONIC ESTERS FROM ALDEHYDES

The only work done with aldehydes was a re-
petition of the benzaldehyde and‘acetaldehyde con-
densations carried out by~Kn66Venagei (9);§o\
produce benzylidene and ethylidene bis-melonic
esters respectively. The wo?k on aldehydes has Eeen
doné rather exhaustively and further work on this was

felt to be unnecessary.

B) MALONIC ESTERS FROM KETONES

| 'thevehagel‘s method, using piperidine was tried
on acetone with no results at all. Meyenberg?é method
(13) was the only one whick would condense the ketoneé,
The condensation seems to be selective. All the
aliphatic and cyglic aliphatic ketones tried condeﬁsed
quite well. Acetophenone was the only aliphatic-
aromatic ketone tried and it reacted but only in very
low yield. Benzophenone condensed very easily in’good
yield, yet fluorenone, an exactly similar compound

except for the bridge between the two rings, failed to




condense at all. Benzil also would not react. These

were all the ketones available in this laboratory.

C) MALONIC ACIDS FROM ESTERS

~ Biltz and Wittek (2) report a method of making
barbituric acid from malonic acid and urea using
acetic anhydride as a dehydrating agent. It was
thought that if the malonic esters previously pro-
duced could be saponified to substituted malonic
acids, these could bekcondensed with urea to pro-
: duce substituted barbiturates.

Potassium hydroxide saponification works quite

smoothly with bénzylidene;m&lqnie ester, but with the
isopropylidene ester it yields an unidentified pro-

duct with a melting point far below that of the acid.

D) BARBITURATES FROM MALONIC ACIDS

Barbituric acid itself may be made by the

method outlined in the experimental section (see part G)

~but for some reason the substituted malonic acids will



not react in this manner, yielding only acetyl urea.

/(_o -/\/H\
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Since this was the only product obtained
further attempts at saponification of the esters

were discontinued.

E) BARBITURATES FROM ESTERS

The standsrd method for the preparation of
barbiturates from malonic esters ﬁsing sodium
ethylate as condensing agent was tfied in this
section. In the case of benzylidene malonic ester
a brown powder was obtained which did not have the
melting point of benzylbarbituric‘(zoé degrees) or
benzylidene barbituric (256 degrees) but an inter-
mediate one of 225 degrees. ISopropylidene and
benzophenylidene malonic esters yielded only gums
wkhich had no definite melting point and could not

be made to crystallize.
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F) BARBITURATES FROM BARBITURIC ACIDS

SincekketoneS‘réactfwith malonic ester under
the influan&e of acetic anhydride and zine chloride,
it was thought that they might react similarly with
barbituric acid. Attempts to produce unsaturated
barbiturates in this manner 1éd only,tb the same
,white‘powder fr0m1every'kétone.~ A biahk‘run, using
only'barbiturie acid, acetic anhydride, and zine
chloride producédithe same white powder melting at'
302 degrees. Since these are the only'starting
materials, the most likely product is either B-acetyl
or 5,5-diacetyl barbituric acid. A compariSonkof the
ﬁheoretical~and experimental combustion results pioves

‘the compound to be 5eacety1barbituric acid.

Experimental - C,42.29%, H,3.40%
Theoretical for monoacstylbarbituric C,42.35%, H,3.53%h
Theoretical for diadetylbsrbituric  C,45.28%, H,3.77%

L - CE 0N, |

The monoécatyl derivative is listed in Beiistein but
nd‘melting point or other physical constants are given

and the original parer was not avaiiable,
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&) PRODUCTION OF BARBITURIC ACID

The two methods used for the production of
barbituric acid were the standard sodium ethylate
method and that of Biltz and Wittik (2) using
malonic cid, urea, and acetic anhydride. Of the
two, the latter is more satisfactory both in regard
t0~yieid;and ease of preparation.

As far as could be seen by this worker, all
possible avenues of approach to this problem of
producing‘unsaturated barbiturates from ketones
have been exhausted. Eowevér, further workkcould
be done on the products resulting from the sodium
uéthylate treatment‘of the estef'and urea (Part E).
Also possibly a modification of the Méyenherg method
on barbituric acid might produce some results. Due
‘ to;lagk;of time, these linés of research could not

be carried on by this worker.




EXPERIMENTAL

(A) MALONIC ESTERS FROM ALDEHYDES

The mefhod of KﬁoaVenagel {9) was used for
these condensations.

~Eﬁhyl~malonate (100 g.,0.62 mole), previously
fraétionated from anhydrous sodium sulphate, was
miXed with 70 g. of freshly distilled benzaldehyde
(0.66 mole) in a thick walled 200 ml. flask. Piperi-
dine (2 g.) was added gradually at room temperature
and allowed to stand for 2 days in a well corked
~condition. Then it was heated for 12 hours on a
water bath. The condensatiOn'produots‘were taken up
~in ether, washed with acid and water, dried over
anhydrous sodium‘sulphaté; and vacuum distilled.
There was about 70% yield of benzylidene malonic
ester boiling at 185;86'degreas at 11 mm.

(B) MALONIC ESTERS FROM KETONES

The method of Meyenberg (13) later modified
by Cope and Hancock (5) was used.

A mixture of 100 g. of ethyl malonate (0.62 mole)



64 g. of acetone (0.93 mole), 80 g. of acetic
anhydride (0.78 mole) and 12 g. of freshly fused
zine chicride were heated»together under reflux
at 110 degrees for 24 hours. The mixture was
cooled and taken up in 80 ml@ of benzene. The
black solution was washed with four 50 ml. portions
of water. The water washings were extracted with
10 ml. portions of benzene which were added to the
main volume. The product was vacuum distilled and
the ester came over at 604125~degrees at 18 mm. On
redistillation the ethyl isopropylidene malonate
boils at 111?115 degreés at 9 mm,
This method waé~used in attempts to prepare
substituted malonates from the following ketones.
(1)  Acetone (5), (18) -27.6 g. (22% yield) of
mobile water-bright liquid B.P.110-117 degrees/l4mm.
(11) Methylethyl ketone (6)-5.1 g.(5% yield) of
pale yelioﬁ;oil‘B,P‘lzoelSO‘degreés/l4mm.,
results from 60 hours heating of the reactants.
(1ii) Diethyl ketone- 7.5 g.(11% yield) of pale green
moﬁile liquid;B.P.1054107‘degrees/zOmm results

from 50 hours heating of the reactants.
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(iv) Cyclohexanone— 35 g. {47 yield) of yellow-
orange oil B.P., 152 degrees/l4mm.
(v) 'Acetdphanone; 6 g. (1% yield}~of green oil
B.P.167-170 degrees/16émm.
(vi) Benzophenone; 10.7 g. (39% yield) of mobile
' water?bright liquid B.P. 170-72 degrees/l6mm.
(vii) Benzil- no reactioﬂ |

(viii)Fluorenone- no reaction

c) MALONIC AQIDS FROM ESTERS

Ethyl benzylidene malonate {25 g., 0.1 mole})
was mixed with 100 ml. of 35 percent potassium
hydroxide solution and boiied under reflux until
solution was complete ( about'four hours). The
solution was neutralized with hydrochloric acid and
the white powder filtered off. After recrystalliza-
tion from ether-petroleum ether it had a melting
~point of 198 degrees. 'Knoévenagel (9) reports the
melting point as 195-96 degrees. The yield amounted
to 46 g., & 24 percent yield.

The work was repeated using ethyl isopropylidene

malonate. Prolonged boiling would not completely
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dissolve the ester layer. The aqueous layer was
separated and acidified. White needles were
obtained melting about 112 degrees. Isopropylidene

malonic acid melts at 170-71 degrees {13).

D) BARBITURATES FROM MALONIC ACIDS

‘Benzylidene malonic acid (4.2 g;, 0;022 moie)
and 1;2 g of uréa~(0;02 mdle} wefé dissolved in
10 ml. of glacial‘acétic acid at 60-7C degrees.
Acetic anhydride (5 g.) was dropped in over a period
of one half hour at this témperature. Thé temperature
was raised to 90 degrees;and maintained for six hours.
On cooling pink crystals melting at 215 degrees were
obtained which on recrystallization melted at 218
degrees and proved to be monoacetylurea. Addition
of water forced out the unreacted benzylidene malonic

acid. No barbituric acid was formed.

E) BARBITURATES FROM ESTERS

Benzylidene malonic ester was used since it

is easily prepared and the benzylidene barbituric
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acid is known.

In a dry 25C ml. distilling flask with the
thermometer bulb nearly touching the bottom of
the flask, was placed 2.6 g, of sodium (0.11 mole)
and 70 ml. of superdry ethanol added. After the
sodium had dissolved, 12 g.'Of'benzylidene ma1onate
(0.05 mole) and 3.5 g. of dry urea (0.06 mole) were
added. The mixture was heated to slowly distill
the alcohol and the temperature gradually raised to
110 degrees where it was kept for four hours. Fifty
ml. of hot water were added to dissolve the solid.
Another 50 ml. of water ccntaining 3.5 ml. of con-
centrated sulphuric acid were added. The solution
fizzed a great deal and a red gum separated. The
gum was dissolved in glagial acetic acid and pre-
cipitated with ethanol. A brown powder separates

having a melting point of 225 degrees.

F) BARBITURATES FROL BARBITURIC ACID
In a 100 ml. 2-necked flask was placed 7.7 ge.

of barbituric acid (0.06 mole), 5.4 g. of acetone




(0.09 mole), 1.2 g. of freshly fused zinc chloride,
and 50 ml. of acetic anhydride. The mixture was
heated at 110 degrees for 24 hours. The solids
dissolved and after a few hours a brown solid began
to separate. At the end of the 24 hours period the
mixture was cooled and filtered. The solid was
dissolved in 5% sodium hydroxide solution; decoloré
ized with animal charcoal, and reprecipitated with
dilute hydrochloric acid. A fawn powder was obtained
which melted at 296 degrees. This was dissolved in
25-fold volume of boiling water, decolorized and
cooled. Whitekplates of melting point 302 degrees
were obtained. '

Three other ketones, methylethyl, diethyl,
and benzophenone were tried in a similar proceedure.
The results in every case were a white powder melt-
ing at 302 degrees.

A blank was run using all the resctants except
the ketone. The brown powder obtained, on recrystalliza-
tion from water melted at 302 degrees. Combustion

analysis gave C.42.29%, H,3.40%.
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G) PRODUCTION OF BARBITURIC ACID

In a 500 ml. 2-necked flask was placed 5.8 g.
of sodium (0.25 mole). To this was added 125 ml. of
"superdry" ethyl alcohol. When the reaction hsad
ceased, 20 g. of'ephyl malonste (0.125\mblé) and
15 g. of dry urea (0.25 mole) in 70 ml. of superdry
ethyi alcohol were added. The mixture was refluxed
for 7 hours, during which time a white so0lid separated.
At the end of this time 70 ml. of hot water were added
and then concentrated hydrochloric acid to free the |
barbituric acid from its sodium salt, The filtered
solution was chilled bvernight and the whité solid
filtered and dried. It has a melting point of 243
degrees and amounts to 7.0 g., a 565 yield.

The method of Biltz and Wittek (2) was also
used. Urea (6 g., 0.1 mole) and 12 g. of malonic
acid (0.11 mole) were dissolved in 25 ml. of glacial
acetic acid. The temperature was maintained at 60-70
degrees while 25 ml. of acetic anhydride were dropped
in over a period of one half hour with frequent shaking.
The temperature was raised to 90% and maintained for

six hours. By cooling 7.5 g. of rose colored crystals
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separated. A further 1 gram was obtained by
evaporating the filtrate and triturating with
water. It was recrystallizéd from a 25-fold
volume of water using aniﬁal charcoal and had

a melting point of 245 degrees. Yield was 66%.
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SUMMARY

The following unsaturated malonic esters were

produced'from ketones by the Meyenberg method, those

with references having been made before:

1)

2)

3)

4)

5)

Isopropylidene malonate from acetone (5), (13) a
water bright liquid B.P.110-117 degrees/l4mm.
Methylpropylidene malonate from methylethyl ketone
(6)-yellow 0il B.P.120-130 degrees/l4mm.

:l-Ethylpropylidane malonate from diethyl ketone-

green mobile liquid B.P.103-107 degrees/20mm.
ASLGyclohexenyi malonate from Cyclohexanone-yellow
orange oil, B.FP.1562 degrees/14mm. |
1¥Phenylethylidene malonate from acetophenone-

green 0il B.P.167-170 degrees/16mm.




1.
2.
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