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Abstract:
1. Alpha-naphtholflavone was not successfully prepared by the writer in studying Kostanecki’s
synthesis.

2. The various steps along the synthesis were studied with special emphasis on products of
2-benzalacetonaphthol preparation. More work on the final steps is necessary.

3. Several possible tautomers of intermediate products were isolated.
4. One definite example of a possible molecular rearrangement is cited.

5. A method for obtaining more uniform results and better yields was found for the 3-aceto-1-naphthol
preparation.

6. It was shown that color did not correlate with the various melting points in the case of
2-aceto-1-naphthol as pointed out by Witt and Braun.

7. In future runs of 2-benzalacetonaphthol it seems more desirable to use less than the calculated
amount of sodium hydroxide and heat reaction longer.

8. This study opened up many new, interesting and unsolved problems for future investigation.
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4 STUDY OF ST. VON KOSTANEGKI'S SYNTHESIS

OF ALPHA NAPHTHOFLAVONE.
INTRODUGTION ;

The purpose of this investigation, which is stated in the title, ob
tained its stimulus, originally, from the economic factor, demaﬁd. Alpha~
naphthofiavqne was perhaps first prepared by Kbs%anecki:in his studies of
the‘flavone grcups% It has, like dther numerous‘examples‘of’laboratory cﬁra'
iosities, developed through occasiénal isolated and sporadic researches to
be a desirable laboratory and commercial reagent:,':’5 In recent years there
have been attempts to prepare alpha~naphthoflavone by the Eastmen Kodak Com-
pany in order to meet trade demands, but, as far as is known, all endeavors
have been unsuccessful?

Alpha—naphfhoflavoﬁe has beén shown to be.ﬁsefui as én indicator in

Watef purification control where chlorine is used as a steriiizing agent%
& relationship exists between the oxidizing ability of a giveﬁ sample of water.
and the necessary amount of chlorine for destruction of the bacteria ﬁreSent.
By titrating chlorinated water with alpha-naphthoflavone as an indicator, the
point where an excess of chlorine ig present can eaéily be detecfed, and thus
a sufficiency maintainéd. Naphthoflavone has also bsen shown to be more sen-
sitive to the presence of iodine (13;1,000,000) than starch%

The method investigated in thiS‘research‘Was thét of Kpétaneeki?s;

This method was also briefly tried for commercial production by Drs 0, H.

Sheppard while with the Easiman Kodek Company, and it resulted in a failure,
The literature cites also othérs who heve tried the method and have been un-

successful in the case of beta~-naphthoflavone, However, the method has been
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duplicated by Pfeiffer anci Grimmer succeSs-fulij? Other methods of synthes-
‘ izing alph&-n‘aphthoflévone are also found in the literature but were not
investigated by the Writer§ Kbstan'ecki'sx method; although ,-someWha,t cum--
bersone, _seemed more orthodox and‘log;icai than those of 6ther investiéator's.

It was the aim of the writer to work out step by step the s;gnth_e-sis
and to isolaté the desired énd preducts in pure form. Labora;tc-)ry* conditions
were veried in every case, such as temperatur.e,. time; pmcedui'e and é‘o:ncenaa
tration of reagents:; The success of eath step was based upon correla:tion in
every case with the intermediate prod,ucts obtained by Kostanecki, the uldtim=
ate aim being good yields, correct meltlng point,; color and crystallme form.
In practicelly all the steps the react;‘.ons: "appeared o be Tery labile— and
even slight variations of conditions affegted cohsid:era‘bly the products ob~
taineds For this reason many products of side reactions were isolated in
the pure states In many cases one wasg led to bel:ieve: that tautomers wére obw
teined instesd of the products sought for: -Although the ideal condition °
would have been to defini‘t_ely establish the identity of the various compounds;
the vast amcunt of time and work required to do this for*céd the writer to
gbandon this situation: In same cases; ﬂowever; 'ultimate ainalys-is. of the
compounds were attempted but definite identity was not eatablished: Ihe
phenomena of intramolecular r_earrangément of one compound was véry evident
in one ¢ase:; A more detailed discussion of the results pf this work will be
given in the e@eriﬁemtél part of this papers A modifiecation 91’ the method
of _prep‘aripg 2-acet0<1l naphthol, whereby one can get better yieldsnand ‘a more '
pﬁre product was worked outs & more detailed &e'séript:{.on of this wili also

- be given in the experimental part of this papers The presence of tautormers
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in the case of 2 aceto=l-naphthol has been postuiated by Witt and Br"aung in |
their study of the a’.cetenaphtholea This: same grouping was pr'esent{i‘:hx;eugh-,
out .th_e remainder of the ‘intermed-ia;te products so 'o_ne would naturally postu=
‘late t@at tau’_c‘o_mers existed in the other intermediates: -
' | 2-4CKTO-1-NAPHTHCL. _

Method;: ‘The: meithod used in preparing 2-aceto-l=naphthol w&; that
outlined 'by Witt and Bre;un'%‘g"\ The procedure is brieﬁy as followe: ‘Bis‘solve
Gorg;. of alpha-neﬁhthol in 30 cci of acetic acid and 45 g4 of vaceti‘é‘ anhy=>
dridej to this mixture add 30 gé of zine 'chlbride; Heac;: the mixture for 30
minutes on an o0il bath at a temperature of .140%5_ in a 500 cé, round ,bot-tom' _
flask;, connecé¢ted with a reflex eoﬁdenser; Then pou:r-_ into the mixtufe aboﬁj;_ '
:_30.0'~ ¢es 'd_r, more of hot water and stir pnt:{.l g red oily layer Separ&tes'eﬁt:

" at the bottoni of the ‘i‘l&eké "if the red-laj'e-r does not seperate at the }Sottom,‘
not enouéh hot water has been added:; Separate the red oily layer off and it
will, through slow c'ooiing_; congesal into & 'ery'ewl;ine pa;steé‘ It is then '
leached with several portions of alcohol until the r'ea ’coldring'matter is;
remevede. The x"!emai'ning light grey crystals "are recryete;ilized from elcohol;

thereby produc:iﬁg»_ aceto naphthol in e.pple green"crystals.; mel‘hlng at 101'-'-10500:,

D:Lscussion off. Egperimental Work on 3—Aceto-l~l\1a;ghthol° The first dif-

%

ficulty encountered in th,is step was the 1nconsistency of the yields.. It 3Wja;s-.

found that 1:f: one he&ted the preparation too long, too much of the red o:.ly
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impurities were pr‘oéucédg If one heavted‘r’ché fmixture above the boiling point.
of acetic anhfdr;lde (140° €.}, tﬂere was "a.‘t-endeney to produce the di-aceto |
pai)hfhol and -la'r-ge. ‘quanti.tieé of_-'uthe red o'ily. liguid impurity: (See ‘Eable; 1)

It was found t_hat on adding an éxeess of acetic anh-ydride‘ and héating it fo‘f
ghout an hour at 140°C,; one ¢ould produce almost entirely the 2,4 diaceto
,;Laphthol melting at 140°C; The ,‘c,ond.itions‘ o'f the procedure" ‘were worked out

80 that the writer fo_und he could obtain éood yields of aceto naphthol con-
sistently and that the 'produc-t was much lighter in e§lor, and better appearing
one then those obtained by the ,briginal method; The color of the erystals
aft‘ei' reerystallizafion varied frem light yellow to ai)p:_Le green and the melt~ .
.ing point varied from 97 to 101; t‘he' lighﬁ er colored product usually exhibit=
ing the lower melting -point:  Gattermani, in' quk:ing with acetonaphthos, claime
ed that th.é ortho aCetonaphthol waé apple grée,n in color and melt éd at 101« |
10592 He also postulated that the iighﬁ yellow colé_re& ¢ompound ; 'of melting
pbint of 98-.-.:9900,“ waé’ the pa.:cex:r.s:t:ﬂ:nez:'e This wéé; however; ,dispﬁted by Witt
end Braun, who. found that éﬁ. further recrystallization and purification from
al.cohol of the ortho ‘compo'u:ﬁd; one Obtvai_.ned the lower melting point derivative
of the lLighter colors Mt the melting point dro'pped instead of rising with
increase in purity was explained by ﬁhe.fa;ct that there were twe tautomers of
2-aceto-l-naphthol; one form being a-lniost colorless and having a low melting
point; and the other, the éreen ;:olored form; with a melting point of 10l=
103°C., Various ‘g!ré.dations of color ang me]_.tiﬁg points between these two ex-
tremes were solid solu—tion'mixtures of the two forms: Witt and Braun claim .to :
have prepared a para compound with a melting point of 198%.;

After making several attempts‘_ to prepare .2~Bengai—aceto-l-na;ghtho-l;

which resulted in obta’inirig consistently good yields of & yellow product; not .
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having the properties of_ the benzal d_éﬁvativ'e,,- 11; was thoughﬁ- désirable to
investigate the 2-aceto-l-naphthols; The probability that the yellow compound
obtained by the writer was the _tét;tonier of the zaB_enzal» acetonaphthol; seemed
likely. The approach made by 'bhe‘ .wz.'iter was to take differént shades of -
ortho;acgtogaphthol and boil in alcohol with decolorizing carbon, fil:ter and
" recrystallize sevgral times, There was found t0 be no. definite cqrrelarbion
between _co.fl.or and melting point. Oi‘ the nine dii‘fe_rént shades and coior f:ééac- _
tio;is produced, it was established -that a pa;ie straw yellow compound _hgd the
highest meitiné point of 98;1000(};, .While the lowest- had a pale green éolor,
meltihg at 96.5~98%C; The colors‘ in mogt cdses were pale green to yellow and
.pale yellow. 'Th_ere was & g’eﬁer’&l overlapping of melting points end color.

-The 'decoloriiing carbon removed ‘con‘szigiera.fb.fl.e‘ green ‘colpr f;t'ﬁm the. 'acetopophthols
in :éll casess The results are tabulated in I'a;ble II. It is e-s=tabiishe‘d:,, -th.erea‘ |
fére, that the green _c':ol'or,. is an impu_x*iﬁy-'of the ec'é‘étoné;phthol gnd tlet the |
pure product is pale yellow, mel't.;ing at 97399°¢. . However; the writer, in work-
ing with the alcoholic extra:ctions of the red oily' impurities of 2-acsto-l-
naphthol; helieves that the green color is closely associa;té& with the r‘e@ oil
impu:r-itir'es.an_d thét a téutomer of fch'e yellow is & purple :co:l.ored compound ;
This possibility will be discussed lgfer" in this part of the paper.

In the new m_ei;.hod fo be outlined for the satisfactory preparation of

z-acetoél-naphthol’, all modifications of the general procedure have been found

by experiment to materially aid in obtaining good yields and uniform products.




TABLE I.

RUNS OF- 2—ACETO~1€NAPHTHOL.

Heating time

Grems of L . for reaction ,
a-naphthol Per cent _mixture .. - ‘M Ps
No. . used .  vield - ..Hrs., Min: Temp. ... product .. Color .
1. 36 ' 43 30 140 98=101 Apple green:
24 60 - 1 140 15955—140* White
Se 60 - 30 140 139,5<140%18 o
4 30 5 4 water bath = '94-95 .. Apple green
9 B0 : 63 1 - 135 95-98 e "
6, 30 3 : 10 140 98-99 " "
7. 80 88 1 30 135  96-100 i w o
8. 60 32 1 B30 125 98-10L1 w e
9. _ 20 12 24 water bath 98-100 " "
< 30 130 . . “
10, 20 19 2 135 98=100 " "
11: 215 60 2 125  99<100 : " "
_ 10 135 - " .
12, 250 . 70 3 30 125 98-100%* " "
- 185 190 . 50 1 135  98=100%*/ " "
14 400 ‘ 73 2 130 98-100%* " "
. ' 30 135 ' .
15, 200 - 75 ‘ 3 : 128 98-100%% - " "
\ . 10 140- - : .
16, 60 83 © 12 water bath  98=99,5%*. coon el
' ' : 2 - w. \
‘ ) 10 -140 . '
17. 200 7580 Seme &g (16) " "

- 18: 200 70-80 ) K L . " "

* Thls product was the 2,4€D1aceto~l-naphthol. -
%k The reaction mixture was mechanically stirred whlle adding the
~ acetie enhydride:
£ 15 grams in excess of acetlc anhydride was used.
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TABLE II,

PURIFICATION RUNS oN Z-A_CETOﬂl—NAPHTHOLh

“Times recrys Fallized

from decolorizing €olor of -
Noo* . , carbon .. _ _ . _product . .. . Melting point
.- 1 Pale green ‘ 96,508
2. 2 Pale yellow ‘ 96:7-98,2
Se 2 Light apple green . 97:8=99
4s 1 Pale green yellow . 97:5:99.8
5¢ 2 Yellow - 98:0<100
6¢ 1 Same as (3) 97 ., 3-98
7. 1 A wooow 98.0=99
85 - 1 w4 97 :5-99
9e 1 v o woow

97.5-98

&1L runs are semples from runs 17, 10 and 14 Of Table I, .

Modified Method for Preparation. oflz.—Ac‘étO'-l;aNaphﬁhol: The seme pro-

portion of ingredients is used as in the originél proréedure; 'e:":c':,ept.v that one-
thi'rd‘mor.e acetie acid is desirables ijis;sf;lv,e the aq;fghéunéphthol and the
freshly fused an’.d pqlverize& ‘Z'nC‘lz in fhe acetic acid by heating on a. water
.batho A1l of the chlgz will .not ai séolve; Then place t]ie mixture on a
mechanxic;al stirrer allowing the acetic anhydrfi&e‘ to drop in sloewly from a

_ separé-tory funnel, The aeéetic- anhydride should be added reapidly enough éo
that the heat of the reaction main#a.ins ﬁza temperature of th.e solution in the
flask from ?OaBSocb Stirring should be continued fqr one.—iialf hour after all
the ac.etj:,cz anhydride has been added. Connect the flask to & reflex condenser
and heat on & ﬁater' bath for 1015 hours: Transfer 1_%0 an o0il bath and heat
from 1 to 2 hours lat- 1;25°C‘°,. after ﬁhi_ch the" tefnper&tﬁi'e is gradually reised
fo. 1;55-146°G’-; (uncorrected) for about five to 10 minutes: Remove thé oil

bai:h and. condenser from flésk- and allow to cool slightly. To the solution
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add beiling water with. stirring or shaking Imt.ii a red '_oily layer separates ‘
at the bottom of the flask. The red oil is sepsrated from the water with a
éeparat@fjr funnel end placed in & beaker to cool: The substance congeals to
a c—rystalliné paste. The paste or crystals are broken up and placed info
sbout 150ces of cold alcohol, Stirmed and. fiitereds 'I*ﬁe _‘exyst'aﬂi‘s are then
Washédfwith séveral small portions of coid aleohol: Afte‘r most of the reod im=
pﬁxfities have been washed off the product is:vrecryst&llized from alcohol, Yei—*-
.‘Lc;wish greeﬁ needle—li‘ke crystals of Z%acetow-l-‘-naphtho:'l‘. are obtained, melting
'&E,Qés-lOOOC;' The yield is 50 to 60 grams, . which is épproximate_ly-v'?'or per een—f .

. of the theoretical yield:

Alc.ohol -’ﬁb&tmct-ions of ,Red‘: Impuri@ie-sj Eorme:d.' Lrom Acgto -Na_éh'_bhq]; -l?rep‘s»
arations: After conﬂsideré-ble qu'anfitiesbf the aleohﬁl eitractitans"oi;‘ the
2-aceto-l-naphthol preparétion had been cvollected‘, it was ﬁhought desirablez.
"o distill off the alcohol and acebic ester formed: After distillation and
a wabter bath, there remained a thick oily liguid ;r'vhi’ch: would.not s0lidify on
cooling. The mass was placed in water made slightly. acid with acetic a¢id and
boiled for several hours: The water was decanted off of the black mé.ss.'&t the
bottom and. more water was add'ea and: boiled: The water washing;s. were cooled
to about 10°C. and a flaky crystalline mass. preéipitatedm 'Quta The crystals
were pale rose colered plates:i There were considerable quanti‘aiesx of the
material obtainéd but no Wa_rﬁ W&é dope in an attempt to identify its Tﬁrough;
out this paper the pale rosecolored compound will be referred to as (A)s - The
black mass not soluble in the hot waﬁer, solidified on cooling: The nass W;S‘
bottled and allowed to ;c*,tand‘ several months. It was“ then no ti'cedﬂto have. pale
green needleélike crystals sublimed around the-bla-c'k mags; The crystals Wefe

‘undoubtedly 2-aceto-l=naplithol. The éubstan;:e wais then dissolved in hot alco=~
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hol amd it went into solution giving a beauwrtiful dark reddish.pﬁrple-eolOré

On c¢ooling black crystals were obtained. This black colored compound shall

be referred to héreafter in this paper as (B). The.¢ryét&ls were homogenioﬁs
in appearance an&.ggve & melting point of 100-1019C, On-diluting the mother
liquor, more of a dark purple cfystalline material precipitateda T%e‘meltipg
point was 100,5-100:;89¢, From general appearance and:melting points they are
probably the same compound: Compound B was allowed to stand.for-a:éouple of
months uncovered; on a tray in a locker. On examining the supstance again
numerous needle crystals:of & pale green color were present mi;ed.withethe
blacks It is_estim&ted‘that-at 1ea§t fwentyhfive‘per_cént of‘the mixture was
pale green crystals. Thig would indicate possibly thg ﬁajeria; is a mixture

of the two taufomer‘of 2?aceto-lyn&phthola The ﬁelting point of B-and‘the
2-aceto-l-naphthol are identical; That‘the substances weré.tautomergcrforms
1ofleach other'wag nbtvdefinitely established‘an&_more’reseérdh along this line
ié necegsary. ' |

| ZABENZAL-ASETO-lsNAPHTHQL.
Method: In 100 grams: of alcohol dlssolve 10 grams of 2-aceto-l=naphthol.

‘ To the mixture add 6 grams of benzal dehyde and stir mechanically: After all |
the ingredients are dissolved add very slowly 20 grans of a 50 per qent:NaOﬁ
solution. Thegsoluxionvgradually"turns a Tight orange to red color: ”In;m”
flask conﬁected with a ieflux;éﬁndensér the maﬁerial.is heated forfl héur on
| a water bath, 100nlong heating according to Kostanecki was ﬁndesifablea After
the end of the reaction; the ckear red liquid is poured in abou$ 400~6OO cc. .
of cold water which is being mechan;caily‘stlrred; & dark red gummy preclpltate

.is formed which is filtered off: To the: filtrate'add:cautiously acetic or
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‘hydrochloric acid until the solution is ,sfili al\kali'né but: ‘ju;sz'b about: neutral.
ThiS can be determiﬁed by the color of the filtrate 'Whic,h is a light orange
in comparison to the acid or neutral condition which is d‘ecidedly yellow with
the repid formastion of a precipitate:; In the slightly alkaline condition
there is sometimes a. formation of an orange precipitaté; Mechanical. s-tii'ring
greatly facilitates eoagulation of the preclpltate& The precipitate is fil-
tered and dlssolved in hot alcohols By rcavreful fraactionai' crystallization;
cooJ.ing g_radua_lly and diluting witth water; dark orange «cryst‘alis‘were obtained
Which give a me'];ting point on reérystallizafuion ;af 1261550‘12?°Cs The yields
are very amall. .'A light: orange fraction is also obtaine.d_ which on ':éecrystél--
lization from slcohol comes out in plates which melt at §é°-7800; Brown éfy—
stalline imptirities were also separated from this fractiona.tioﬁ;

Thé slightly alkaline filtrate from Which. the orange precipitate had
beeﬁ filtered is acidified with acetie or hydrochloric acid; There is formed
large quan’c'i’c‘_i‘e,s of a yellow precipitete which is tet staﬁd for a few minutes
and given an oceasional shaki‘ng,:. The: pi'eeipit‘ate 'flocculateé, 'r:ts‘ing to the
top, amd is filtered off, The precipitate is recrystallized from alcohol or
acetic acid; The crystals being bright 'yél-low plates melt at 95.,59-969¢, Some
of this yellow material is also obtained in the final dilut‘ion of the aXcohol
filtrates 'in the .purifi cation of the above orange precipitates .

The orange crystals with & melting point of 12645°-127°C. shall be know:
in this paper as compound (0), the light o-_ré.née crystguis with a melting point
of 76%=78°¢, as compound (P} and the yellow‘crysta»ls}ae_lting at.‘95.‘.5‘9«-9'630(3° ag
compound (E). 'Kost-anecki.states‘ that 2<benzalaceto=l-naphthol crystallizes in
orange coplored leaves and has & melting peint of 125-_126°G'.~ This method is

original to the author except the reaction quantities which are Kostanecki‘®ss
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o .
CXCR=CHCgH , Hp0

o _ OH

Dlscuss:.on of Experment Ol %Benzaleceto-—l—Najphthol. In &ttemp‘bing

to prepare B-benzalacetonaphthol, much difficulty- was presented when the yields
of the 2-benzolacetonaphthol (C) were negligible and large yields of an uniden=-
tified yellow compound (E) were obtaineds; Several attempts'were made and &
variety of conditions experimented with (Table III}; but only in a few insten-
ces were any yields of Kostanecki's benzal compound isolated:; In almost every
attempt", on the first dilution éf‘-the’ pre‘parafion: with cold water, one obtained
a red st:. cky mass which was soluble in alcohol ‘and acetlc: acld. Attempts to
recrystall:.ze the material from erbher a].cohol or acetic acid and fractional
reerystallization by dilution o:-f the solvent with Wate_r yielded stmll amounts
of & brown pjowder which melted at 122~1289€, This mey be siame Z;benzalac'eto-‘-'
naphthol; but the yields were so small, ‘and the product so difficulkt to purify
that at'bempts to obtain the compound from this source were abandened; It is
very difficult to interpret the results of the various runs because of the many
undeterminable factors affecting the reactions. Many times the: resul’cs coulei

\

not. be duplicated in subsequent trialSo
Tlmg of Reaction: The efi‘ect of varying the time o:f' hea‘bing the reac=

‘tion ‘v-:ras studied; In run (1) of Table TIII thg nixture was refluxed for three:

- hours and allowed to stand‘“uﬁ'b‘il. éool; This ;Nas the only time that any appréca
iable amounts of 2-benzalacetonaphthol was obtained: There was considerably
less than the stipuiated amount of NaOH used; This imay have been a factor aid=
ing the reaction: In a later run (2) the reaction was refluxed for 6 to 8 hours.
Nome of campound C was ;Lsolated‘ on pﬁfiﬂ‘icationa Thez;e vs}a_s a small yield of the

gummy red benzaldehyde polymer, and & good yield of compotmd E.
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Two runs were made to determine the’ effect of" not heating the reaction
the specified hour., In run (3) the time was one-half hour. éh;ere W’-as.wﬁo
yield of C but there was a comsidérable yi'eld of D and E.‘h In run (4) the
time was :Eifty minutes. There was no benzaldehyde polymer farmed;. Good ﬁe-ld’s :
of compound ¥ and some D were obtained, |

Concentration: An attempt was made to determine the effect of decreas-

ing .the‘ concentration of sodium hydroxide. The e-ffecﬁ of run (1) is mentioned
in discussion of the reaction time, In run (4) slightly over %hi'ee%fifths of
the amount of NaOH was used. There was & formation of less of the gummy red
benzaldehyde polymgra An éxcellent yield of E was obtained.‘; In run (5) the
seme concentration as (4) was used: No polymer was formed. Dilu-‘ci.on-of’:‘ the
reaction mi:cfure with ivater obtained an orange preéipita.te which gdve some of
compournd € on fraetiongl recryst&l;iz'ationa A good _yiemi of ‘B was obtaill_led;
In run (6) slightly over‘three-fou:cths of NaOH was lu.sed.; ‘-L‘hé're was some" reddish
orange preeipitate formed on dilution which yielded & small c_ma_nt—itj .of ¢ and
D ot as good & yield of E was obtained; In run (7) about half of the Te-
quired alkali ‘was added; On acidifying reaction mixture and dilution; an 6range
precipitate formed which on recrystallization géﬁre c‘:ompourid_ﬁa ,

A mun (8). was mede in which the one-half quantity of _é:lkali was added .
to the reection mixture which hé.d been previously wai'm,ed;_ The product was a
dark brown prec‘i;ﬁitate with no compoun&v E formed. The'WaMing of the alkell
produced very undesirable resﬁlts;; |

It was observed that in 'thé precipitation of- compound: E from the reac-
tion mixture, that sometimes .the‘ fn‘edipitate’ ‘quld‘_txmn a yellowish brown on’
standing before it é_.ould be filtered:; If the compound is first ‘recrysfaillized

from glacial acetic acid and then from alc:bhol, a very .pur’e product is obta'inedg‘




= 15 .
~ TABLE III.

RUNS OF. 2=BENZALACETO=1-NAPHTHOL .

e T
acoto- : Grams of hegting :
naphthol 50% NaCH . time - Yield of greams in-

PR

No. . _used. . . . .used . . (hours) . .{C) . .(D) .. . (F)

1s 100 | .~ . 150 3 18 S " 90
24 20 55 658 - 26
N . 35 ~ 300 0.5 - - 12 20
4 100 130 0:8 trace - 68
5, 100 130 1. 4 - 95
6. 20 33 1 2 8 . 10
- 10 ' 12 1 R - -
8, - 1e ) X black gummy mass
9, 50 - 100 . 0:8 : 6 . 52

10 100 400 1 ‘ ' 3

11, .10 : 100 1 3 R 5

12, 18 120 1 2 N

13, . 15 140 2:5 . 8 5
14 40 80 X trage trace 22

15; 20 : 40 1 2 14,5

163 20 20 1 4 . 12 -

Inmestfgat;ion Voit"‘ Compmdfﬁl' .‘Beeau_sé of the cqntinual fine &ieidis. of .'
| the yellow compound ﬁnde‘i'.‘almost‘atll‘ experimental ébnditipns the writer ;Ghought
it advisable fo -fur-‘cher invesﬁigate- the compound, The é.ompounda wen’é into sﬁlf—-i
fp:cie acid solution ‘with_ a reddish yellow color, a property' similar to tha;t_ of
2~benzalacetonaphthols |

Perhaps the mé st striking phenoména in regard %o the c¢ompound w’a,é its
undergoing a change of melting'point on‘ standing; A quantity of t;hé : substance
had been prepared and purified for the purpose of making an ultj;mate ana—;lys;lse
The conpound on suc:c_':’essivé recx&ystélliza:tions from alcoh_gl e»xﬁibited & c:or_istént,
melting point of 95.5.~9-€;°@., The quantity that was not‘ used was bottled and
set aside over the smmnér fm,onﬁhse. When wc'ar'k_'- was resumecl'the; foiloWing fall-@

the compound was again recrystallized and found to have a melting pdiilffioi
' - s RHECRLLELE AR
SR R TN B PR R A




125,5-12"20(34 This shows evidence of some possible molecolar rearrangement.

| In an attempt to havé some. more' of the compound undergo the same change; -
Beveral se.mples of different prepara.tlons with melting points of 95-96°€: were
placed in sample bo'ttles and e:mosed ‘co dayllght ‘by plaeing in an unshaded '
spot out of doors. _ After several mor;ths;—, a melting point wes agein taken; and
it was found not to have changed in either of the samplés; It was thought ﬁhat
_poas:r_bly wamm bemperatures might ei‘fect the: change, so the samples were pla.ced
in a warm room near & water boiler: After a month the melting pomts of the
sampleo were still unchanged:; A sample of the compound. was placed in alcohol
and reflused for several days. with still no chenge of melting points AIL of
forts to duplicate the chanée" in melting point wore unsuccessfuls

The writer b’elievés, however; that the compound did undergo s“uéh &
change; Proof could not be established, bec-ausle o‘f not beiné a;b_le-’co attain
.or determine .condit ions favorable for the change: If the comﬁound‘ did under-
go that change; it must defiﬁiteiy be a tautomer of compound €, because the
melting point after the change is 1dent1 cal with that of compound Ge

Several combustions of the compound were made. '

Analysis
Nos .. M. _%C .. %0s ..
1 7.304 . 7B.64 17,05
2 5:114 76,19 18:69
3 5.59 77:.10 17.31
4 7.13 76,35 16.51
5 5,97 48:15 ) Ko - -
6 - Go4l . 87:6 ) solution
7 5:63. ) 42,22 ) became
8 5,63 ) exhausted
Aves . 563 . 7677 17:6
Galeulated formula: GlBH‘]A_Q’sa

Ahsigned fommila: 2«benzalacetonaphthol: €, 8. 403;_
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ﬁhrther work on this compol'und- is necessary‘ to d\ei‘initely establish its
identity. The writer was unable to ﬁos‘tulate any structure c;f the compound
from the calculated emperie:él formula and the cond‘ition_of its fomaﬁion;
ACETYL&%BENZALKCE}ZQBLNAPHIHOL |

Method: Place 10 grams of 2<=benzalaceto naphfhoi in & flask contain- -
ing 40 to 50 graﬁls of acetyl chlorides; Connect to ‘a refluﬁ; condenser and add
5 érams of freshly fused sodium acetate; Reflux on a water bath from 4 o 6
,ﬁburs,. After reaction has teken place, _co:ol' the solution down  below room t'an;
perature and add wéter drop by drop through the condenser tube until all the
'exc,ess acetyl chloride is destroyed: Then add 50 to 100 eci of ﬁa‘ter in ex-
cess, shake and filter, Réerystallize from dilute élcohola "Thev acetyl deriva-
tive according to Kostanecki crysta,llizesl in yellow plate‘s‘ from dilu‘c‘e. aleohol,
having a melbting point of 95-96°C. This is the author's own method:

O ro 0

OH cr:ié?ccﬂs - - é{..CHg

G=CHECHC-Hg

Di scussion of Experiment on Ace,‘gvlstBBe'nzala;ce;tjo-_l-'-l\'laphthol: Mach de=

. tailed v;rork orn this step of the synthe'si‘s. could not be .d‘one;, due to the lack
off 2-5enzalacet‘onaphthol with which to workga In only a _féw cases were the
‘acetylatibn products purified. The reason for.this was; Tirst; that the mix- )
tures of compounds prepared werev very difficult to‘ i‘solat‘e‘ even by i‘ra—ctioﬁal
recrystallization and second; that the starting material usualiy‘ used was coms-
pound E, An att'empt to getb na.phthoi‘lova»ﬁe fr;ui; this compound was madé wi‘shoﬁt

any attenf;ion given to the intermediste products:
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In the: case where the compournd € was used the intermediates were isola-
ted in each case and also in tWwo runs with compound E, The runs of these com-
pounds from the 2-benzalacetonsphthol through to the final product will be
treated sepafately in this papers

| In run (1) of Table IV the acetyl compound formed on recrystallization
gave yellow colored plates melbing at 95-96°G° The compound had a slightly
.di sagreeable odor and the crystalline structure was sliéhtly different from
the compound . E which was acetylated. This was the only.indicétion that there
had been a chemical change. The only reason for douot‘was tha£ the original
compound and the proouct'botu have the same melting point: There is & possi-
bility that aeetylation 4id not teke place. ‘

Several acetylations were run,of‘compoﬁhﬁ E, bubt complete purification
of the products was not affected before brominating the compoond.iﬁ the: next
"steps: On héating aoetyiétion reaction for 10 to 14 houfgg a mixture of ligh%
\;yollow crystals with large quantities of dgstinct lafge square plates of &
darker jéllow compound. was obtained. Melting~poinioofjthe‘producﬁ Panged ffom
20 to 96°Q'(impure)f | J -

| In pun (2) of compound G of product from run (5), Table 111, a.yellow
crystalline substance was obbained whlch melts at 125-126°C°

In acetylation of both compounds C and ¥ the products of beth runs

showed no appreciabloﬂehange in melting:pointsofrom.that of the original com=
pounds. The general appearance of the products did show_somo change as7to‘
¢olor and crystalline structure, Whether aceuylation definitely had taken

' place or not is still a matter to be settledo
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T%BEEtIV,

RUNS OF ACETYL-2<BENZALACETO~1=NAPHTHOL,

~ ‘Reaction

Grams of mas " heating - eharaeteristl ¢§ of. Products e
terial used time Yield
No. . (¢) (D) (B).. . (hours). .-. .grams . Crystals=Color - . - M, P,
I, 10 12 8 Yellow plates . 95~96
25 4 . 0.5 1 ' needles 125-126
3 22 6 N v plates 97=99
4. . 68 15 not. det'n Mixture
5. ’ 68 4 W " - :
6s 23 12 " " oo ' 90~91,.5
s 15 12 ' " 95-96
8. ‘ 20 10 oo Dark yellow : '
' ‘ - - . plates 78-85
9. 10 10 " w Mixture .108-110
e-1 18 : 8 . 28° ° Deep yellow 125.5-127

B-1 34 '8 40 Yellow plates 05-96 |

ACETYL&-_Z‘-BEI\IZALACETO#leNAPHTHOIDIBROfs}IIDE

Nethod: To 10 grams of acetyl-Z-benzalacebonaphthol dfssolved in 300
grams of carbon disulfide is added an equi’mélecular proportion of bromine (3 per
cent solution in carbon disulfide) very slowly wn.th meehaniéal stirringz; l\TT.o‘
hydfogen bromide should be evo];ve&a After allowing consmerable time for the
reactlon to take place, the carbon disulfide is distilled off on a water ba.th
tntil about 50 ces of reaction mixture i-__n carbon disulfide remaih in the flasks
This is then washed into a beaker and the carbon disulfide is allowed o evap-=
6ra’ce of £ ll‘vhe product, accoréing o Rostenecki; on recrystallization from benw-
Zine: is'white needles melting at 18‘6—18796,.‘ Thié method inco:cpor’a»teé a fe_w
fv',ariations; of Kostanecki'’s method which is noﬁ cl,e&xily outlined in literature,

and ig the methoc‘[ used by the author.
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Discussion of Experimenxal Work on AcetylaZaBenzalacetOrl—Naphtholdi=

bromide: In attempbs to brominate impure mixtures of the—acetylation‘product
of compound &, much hydrogen bromide was given offs Copling of the reaction

in ice water bath and gredt dilutions of the,reactién products in carbon disul-
fide did not aid the situation.to any great degree. - The ﬁroducts,were very
solublelin benzene and carbon disulfide. Oﬁ recrystallization several times
from a}bohol, a pale yelldw suﬁstance mglting,from;125ﬂ127°c. was obfained.' No-
white colored cr&stéls were obtained in this step to agree with the-diﬁromidé
~of Kbstanecgi'sa.'Pﬁrificatiqp of the products dfzall.ﬁhe;brominatidn ruﬁs'bea-
fore attempting the finai step of thersynﬁhesis‘was_omitted;' Table V shows
runs of bromination experimeﬁtéa.

| ALPHArNAPHTHOFLAVQNE
Mbthodf SusPend lO grams of the dlbromlde of acetyl-zubenzalacetonaphthol

in 100 ceq of alcohol: Stir mechanlcally and add.ln proportion three moles of
potagsium hydroxide in"& SO per cent water solution. The dibrdmide goeévinto
solution with a reddish yellow colors Affer reaction,haé-taken place, which
may be facilitated by warming slightly on a water bath, water is added to the
solution and the alphaﬁnaphthoflavone precipitates outb. It is filtered and-rea
erystallized from alcohol. Acéording to.ﬁoétanecki, beaufiful pale yellow
leaflets should be obtained melting at 154-155°C. The method, as outiined, is

original with the author.
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Attempt to pfepare:

-0
/
OC~CH5 .
COCHBrCHBrCgH;
aleoholic KOR

&1
Lt |
i

Discussion of, Experimentel Work on Alpha-Naphtholflavone: Hit end miss

methods-wére tried iﬁ almést:every case in an attémpt to‘6btain‘thé naphtho-r
flavone:; The products of the bromination were treated with aleoholic potas—
sium hydroxide end stirred until solution tbok‘places ;&.reddish.yellow colored =
solufioh,was obtained at all fimes.in the alcohélg It was ﬁhoqgﬁv desirable %o
reflux the reaction for mixture a<feﬁ minutes.before'diluting‘with'watér to obi
E tain the product. Acidifying the filtfate 8ls0 briﬁgS:doﬁnvﬁore of:the produé$
if any excess alkali is usad;

Aside from the two rﬁnslon eompound é and E, 6ﬁly-one othef rﬁn gave
anything that was of ihterest: X pale yellow subétgnee'Wés'fermed after strong
heating with the alcohglic potassium hydroxide, which on recrysﬁéllization‘frmn
alcohol; have a melting point of 125—18606;. The dibromide of the two runs also
had the seme properties. Qualitative tests fdf bromine'before.and a:ter 1;1‘ea‘t;,~-a
ing with alkeli were made: The compound gavé-a positiveﬁtest before and & neg-
ative tesi éfter;-lThe melting points before and aﬁter'weﬁe t@e‘same;. ?hé
r melting points wére 127-128%0. | |

No alpha-naphthoflanﬁe was obtained.

| SPECIAL RUNS OF COMPOUNDS C AND E

Speciai runs of ccmpounds-c and E—obtaiﬁed in the 2;banzalacetonaphthdl'

preparation were made through the:final sﬁéps; The inteﬁmediéte products were

)




purified by recrystallization in'e‘a‘ch ste‘p for the sake of comparing the two
runs. 4 resume of the runs is éiven bei'ows |
Run 0-1: (Product of run (1), Table. III;). .

1. Acetylatlon. ‘
Dark yellow plates from alcohol; M.P. 95—9600., (Kostaneckis' M.P. 95-96 Go)
2. Bromination, - H.Br given off,
Yéllow needles from aleohols M.P, 125-127°C.; (Kostaneckis' I U;P. 186-187°G, ).
Positive bromine tests: . . .
3. Aleoholic KOH. ‘ N o
Bo:v.led with alcohol and decoloriz:.ng ‘earbon. Pale greén crystals, M.P: 1287¢5=
128°C:, (Kostaneckis® M.P. 154-156 %¢.)Y. Dissolved in concentrated sulfurlc ;
acid with an orange yellow color. Is soluble in hot alcohol, acetone, benzene,
Negative q_ualltatlve test for bromlne.

Analzsis
Nos s . %G g
1. 4,157 583l B7i533 (Wall)
2: 35252 49;92 463838 ¥ .
Be 2,920 | 51:36 45,72 (Dajeni)
4s ' 3.032 : 47,63 49,338 .
5. ~ 2.529 45:58 51,80
6. . B:86 . ~ B6:55 50.59

Due to the failure to get desirable checks in analysis on éompound; of‘ru_n, €-1,
and lack of time +to make further analyses, the author thought it undesirable to
attempt to assign a formula to the products.

Run E-1: (Product of run (1), Table III,)

- "1: Acetylateds o : e

Bright yellow leaves: M.Ps 125:5-126°C;, (Kostaneckis® M.P. 95-96°C, )

‘ 2. Bromination. No HBr given.off. - . .
Orenge yellow crystals from acetone; insoluble in alcohel, Mo 168-'11’710(}5,
(Rostaneckis® M.P: 186-187°C,) Positive bromine test : o

: 3s Alcoholic KOH.. : ‘
Reflux for ome-half hour. Orange crystals from benzene, using decolorizing car-
bon. M.P, 178-175°C.; (Kostaneckis® M:P, 154-156°¢;): Went into sulfuric acid
with a deep red color. Soluble in hot acstone and benzene. Alpha-naphthoflavone
gives a green fluorescence in concentrated sulfuric acid, ' '

Analysis
Nos : ' %Hg . %G | _ %03
1: : 7,436 57.57 Stmple not dried (Wall)
20  2.872 64465 | 32,48 "
s , 3,932 . 65453 3264 "

Calculzted emperical formula of No; 2 and 3 = GZJ;HM»OS*; Assigned formula =
Gy gHy 20ps




PABLE V.,

BRONJI}TAT_fON AND ALCOHOLIC POTASSTUM HYDROXIDE TREATMENT .

Nos.

Gra.msoi‘ C

scetyl ders HBr

Product of aldoholic KOH treatment

M:Ps 7

ls
2s
e

c-1
Bl

_ . Used .

10 from (E)
10- 1®t _it, . (18
25 mixture from (E) ¥

10 from (B) "

28 o, ‘ none

40 ' - sli gt

— ,sa:v_olﬁced =

mach

g
5
15

10

e Xield . Golor

‘Orange yellow
.20

115119
125-126

Yol low

Pale orénge
Mixture of brown
and yellow cry-

- stals,

125127
174175
127.5-128

Pale yellow

Pale green
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SUMMARY -

1. Alpha-naphtholflavone was not successfully prepared by the wrlter

in studylng Kbstaneckl s synth951so

| ‘29 The various steps along the synthesis were studied with special
emphasis on products of’zsbenzalacetopaphthol‘pfeparajion; More work on the
final steps is necessarys | | |

8; Several possible tautomers of intermedlate.products were 1selated

4, One deéfinite example of a pOSSlble molecular rearrengement is cl’cedo

LA A;method for obtaining more uniform resplts and better yields wag
found for the zaaceto-l?naphthol preparation,

6. It was shown that color did not correlate with_the various meltiﬁg
points in the case of.zaacetoblapaphthol as pointed ouf by Witt and Brauns:

7, In fubure rums of Zébenzalaeetonaphthol.it-seemsemore deslrable to
use less than the ealculated amoﬁnt of sodium hydroxide and heat reaction
longers: - | |

8. This stuéy epened Up many new, intepestiné and‘unsolﬁed‘problans

for future investigations
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