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INTRODUCTION

The discovery of the usefulness of curcumin for
detecting boron wag made over 100 yeara agoe. Since that
time, a grezt deal of work has been done in developing
new methods based on this campbund and in modifying and
improving existing methods. However, very little has
been done to dctermine the maehaniém of the resctions
involved or the structures of the compounds formed.

The purpose of this work was 4o gather evidence in
support of the mechanism proposed in 1956 by Powell,
Hardcestle and Poindexter (16) for the formation of the
boron - oxslic scid - curcumin complex (Rubrocurcumin)
in the Naftel procedure for boron determinetion. This
waa done by investigation of the structurea of rubrocurcumin
ard rosocyanin (the product of the reaction betwecen
borio acid and ourcumin in the absence of oxalic acid)
througk the determination of'their moleculer weights and
by investigation of the moler ratios of the components

of the complexes. A Hechrolab Kodel 301 Vapor Pressure



Osnometer was used for the work reported in this paper,



HISTORICAD

Curcumin, 1,7 « bis (4 hydroxy - 3 methoxyphenyl)
1,6 a»hegtadiene 345 dione, i the coloring agent in the
dye turmeric which is obtained by grinding the rhizomes
of curcums. According to the literature, extraction
from turmeric is the most important commercisl method
- of §rséﬁeing curcanin. It io an orange yellow crysialline
compound melting at 183°c¢ which hass a moiécular welght
of 368.4 and an cmpiricel formula of C H O .

, 12 20 6
A derivetive of acetylacetone, curcumin exists in

two tautomeric formss

0 o O OH

T A ’

¢~V 3 , < C o (‘.4%

CIH i < C,oH ’C’H

CH CH H CH
CHg0 O Oocy_, CHze OCH3

oH O o H

The structure of curcumin has been confirmed by
several investigations including those of Ghosh (7), Spicer
and Strickland (20), and Silverman and Trego (19).

The discovery of the usefulness of curcuuin for
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detecting boron was appasrently made acoidentally in 1821
by Deafopses, who found thet 8 red spot developed on a
plece of filter paper soaked in a turmeric solution
when a tegt sample contalning boric acid was added (1).
Several spot tests for boron based on this discovery
have beeﬁ'aevelapad.(l;z)t

Hebebrand (11) is generslly oredited with the first
colorimetric method for boron based on the turmeric
reaction, This method invelved the meosurement of the
red color developed on addition of curcumin 1o a water =
ethanol solution containing boron and bydrochloxric acid.
Cassal and Gerrans (3) increased the sensitivity of
ﬁebebranﬁa method by adding oxalio acid to the aystem,
and Hegedus (12) lster modified tho Casesal and Gerrans
procedure by combining the oxalic acid and curcumin into
one solution in glaclisl acetic acid.

In 1939, Kaftel modified the Cassal and Gerrans
method by evaporating the sample to dryness with &
solution of eaiﬂﬁ)z before adding curcumin and oxalic
acid and evaporating to Gryhess in ethyl aleohol. The
purpose of the celcium hydroxide is to prevent loss of
boron as ethyl vorate.

In the early 1960's improved methods for determining
boron in agueous samples were dcveloped. Prior to this

time, an evaporation to dryness was required in order to
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deternine these samples by the ocurcumin - boron complex
method. Hayes and Heteslfe (9,10) and Flwell and Wood (6)
have reported procedures by which 0.2 ppm of boron cen

be determined iﬁ aliquots which can contain up to 0.25

ml of water in the final volume of 10 ml,

By treating an aliquot of en agueous sasple with
sufficlent acetic snhydride to react with about 90%
of the water present prior to adding curoumin, Orawley (5)
wag sble to determine boron by measuring the intensity of
the rosocyanin color which developed within § mimates.

At the time Sohlumberger (18) isolated and named
rosocyanin, he reported thet it contained no boron. 7This
wes supported by the work of Clarke and Jackson (4) who,
on the basis of moleculsy weight determinations, suggested
that rosocyanin was asctually an isomexr of curcumin with an
enpirical formula of 014H1404¢ Hote however, that the
enpiriesl formula for curcumin is 01232006’

Spicer and Strickland (20) disegreed with the above
conclusion, cleiming that Schlumberger hed used impure
curcumin and thet Clarke and Jackson had assumed an incorrect
formala for curcumine. They found by elemental analysis
end by molecular weight determinations that rosccyanin
is composed of two molecdles of curcumin to one molecule

of boron. Their molecular weight deterninstions were made
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eryoscopically in phenol, and it should be pointed out
that the AT which they observed was only sbout 0.059C.
Therefore, the sccurascy of thely method is somewhat
questionable.

Several workers have reported, however, thot rosocyanin
is & lslvﬁamplex. Fotable among these are Korennman (13),
Roth and Miller (17), and Silverman and Trego (19).
Roth and HMiller obiained evidence in favor of a lsl complex
for rosocyanin by preparing curcumin complexes with four
substituted boric acida. The complexes which they prepered
hed the following general foimula:

e @ ‘ -
CH, '
2° A I N OcH;

(=] o

~BY

R R
where R and R' were the three possible combinations of
phenyl and 2 « thienyl groups and in one case R and R*

corresponded to 10 - boraxanthydrol.

/WT”-'\-D/‘/_
o 9]
>~ W
z B
‘ S8®
Rubrocurcumin, the complex formed by the resction of
boron, curcumin and oxslic acid in the Crasal end Gerrans (3)

and Naftel (14) procedures, was named by Clarke and Jackson (4).
They mede no attempt bhowever to determine its structure.
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Spicer and Strickland (20} showed by elemental
anclyeis that rubrocuroumin exists in the moler ratio of
1:l:l. They suggested yery tentatively as & result of
observations of iis chemiecal churacteristics that

rubrocurcunin aight exist as a diner:

L6-H.. . 6 cocool--Q
OOCHJ
H ‘
i Cu
‘TH . Cu
- = ¢ —O _
/fc D\ L4 N © c\ H
HcC 8\ ‘ ‘8/\ /,C
‘¢ -0 0—¢c = o~ 0-?
12}
CH cH
?‘H CH
4 oH

Spicer and Strickland attempted to determine the
molecular weight of rubrocurcumin by the cryoscopie
method but they reported that their results were erratic
end apparently low. They suggested thet this might be due
to the formsatlon of hydrated rubrocurcumin.

Gol'tmen (8) reported thet he agreed with the structure
suggested by Spicer and Strickland as a result of his
investigation of the chemical compesition and determination
of the maximum sbsorbence of ethanol solutions of the
threc components of the complexs These investigations,
however, woulé only show the molar ratio of the components

and would not show whethexr the sctual sitructure of the complex



vwos li:l:l or 2:2:2.

Roth and Miller (17) and Powell, Hardcestle and
?ainﬁextsr-(i6) have reported thet rubrocurcumin is formed
by a lsl:l complexation of the form:

ot

Clo
o

Ag stated earlier in this peper, the purpose of this
research project was to obtaln informzation to help support
the mechanism proposed by Powell and co-workers for the
formntion of this comnplex in the Faftel procedure. They
proposed thet, ss the solution evaporates, borioc moid and
oxalic scid resot forming a 1tl complex thus meking it

easier for the curcumin to enter into the complex.



FXPERINFEHTAL
I. ZReagenis

Heagent grade chemicals were used wherever possible.
In gone cases the reagenis were dried with anhydrous
Ga{}lg *

1I. Apperstus
Mechrolzb Hodel 301 Vapor Pressure Osnoneter
1II. Preparations

As Preprration of Rubroocurcumin

The rubrocurcunin used in this work wes prepared by
allowing a solution of borle and oxalic =cids and curcunin
in scetone or aleohol with a few drops of HC1l to evaporate
to dryness. The solid msss was then powdered with a
mortar and pestle snd Soxhlet extraated for sixz to eight
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hours with water and then overnight with acetone. The
rubrocurcumin left in the extraction thimble was then
reerystallized,by"5iasoi?ing in molten“phenol and poure
ing the solution into benzene, secordiﬁg to the method of
Spicer and Strickland (20),
B. Preparation of Rosocyanin

Reaacyanin;wss prepered by the method of Spicer and
Strickland (20). A mixture of boric acid and curcumin was
dissolved in absolute alcohol, a Tew drops of concentrated
32804 added, and the solution refluxed for three hours.
The solution was then poured into water snd the orystellized
rosocyanin was gseparated by suction filtration. The
rosocyanin wes toen Soxnlet extractsd with ether until
colorless amd recrystallized by dissoclving in ethanol and

pouring the solution into benzene.
IV. Description of the Vapor Pressure Qsmometer

A Mechrolab Model 301 Vepor Prssocure Csmometer was
used for the work reported in thie poper. This is a
sinple and very sersitive insitrument for measuring small
differences in vapor pressure belween a solvent and a
golution, It consisits of a Fheatsione Iridge circuit in
whick two of the resistors ere matched thermistor beads



I & B

housed in & thermostated chamber saturated with solvent
vapor. By meons of gyringes which protrude into the
chamber, a drop of solvent is placed on both the reference
thermistor beed and the measuring bead; and, since these
two éreys’hava the sane vapar‘greéeure, the rull meter is
3eraaﬁ*ﬁsing tﬁa balance potentiometer. A drop of the
gample solution is then plmced on the samuple bead; solvent
econdenges on the golution drop due to its reduced vapor
pregsuye, warsing the thermistor bend and causing a bridge
imbalances. The bridge ig then rebalanced using a decade
resistance box in sexries with the sample bead.

The reading on the decade box (A K) is proportional to

the term $2~?l in the Clausius -« Clepeyron eguation

7. - p o BRI
2 1 ® AEVIOO0

and therefore is proportional to the molar concentration of
the solution ( m )« The instrument 1s capable of measuring
temperature differences between the two thermistors as
small as .000LC,

A czlibration curve of AR yg moles/liter is plotied
using a standard of known moleculsd weighte. Denzil was
used s the stendard in all of the work reported in thia
paper. Since the instrument works on a colligative
principle, the molar concentration ofrthe unknown sample
can be obtained from the celibration curve by determining



OR in the same solvente The moleculer welght is then

ealoulated byt
. . smg/liter
Hole Whe = BT TTTor

Ve Preliminayry Investigations

A, Solubility Studies

The lowest concentration for which the Vapor Pressure
Csmometer will give reproducible readings is about 0.005
molen/liter. The golvent used muaet also have sufficient
volatility that it will reach equilibrium with its
purroundings in a2 ressonable period of time, Therefore,
in order {to use the VPO to determine the moleculsr weight
of rubrocurcunin end rosocyanin, it was necessory to find
a golvent with a reasonebly high rate of eveporstion in
which the compounds are goluble to the extent of at least
0.005 moles/liter.

Acetone was the only solvent for which gquantitative
golubility measurements were mades The solubility of the
complex in acetone was dstermined by heating to boiling
a ssnple of an excess o0f the complex in acctore and
allowing it to evaporate with fregquent stirring until tbe
volume had decressed to about 1/2 of its original volumea

Four 25 ml aliquots of ithis sanple were then pipetied



into tared evaporating dishes and allowed to evaporate
to dryness. The dishes were then dried and weighed.

The solublility of rubrocurcumin in acetone, as
determined by this procedure is 0.936g/l. Assuming s
molecular weight of 468, this corresponds to 0,0020
moles/liter.

Other aveileble solvents were guelitatively compared
with acectone by observing the intensity of the color
imparted to the solution and the amount of unﬁiasolvga
cémplax 1@f§ after exposing a sanple tcrthe gsolvent for
a given time. The golubilities of rubrocurcunin in the
sal&ents teoted fall inijo three distincet clagsifications,
ag sbown in Tsble I.

- The solvents which develope little 1f any color on
exposure to rubrecurcwnin are listed in Table I in the
insoluble section. Those which become dark red or purple
but which casuse 1little or no vislible decrease in the
gquentity of complex are classified slightly soluble.
Acetone is plamced in this classification, The only solvents
tegted in which yubrocurcumin is appreciably soluble are
dimethylformamide and dimethylsulfoxide, both of which

hiave very low evaporstion rates.



TABLE I

Rubrocurcumin Solubility Studies
Ie Insoluble

Ae Fexane

Bes Uyolohexane

Ce Benzene

De Toluene

Es Ether

Fs Carbon tetrachloride
G« Tetrachloroethylens

He ¥ater
II. Sligbtly Soluble
é»l Acetone

Be Hethyl ethyl ketone

Ce Hethyl alcohol

P. FEthyl slcohol

E, n = Propyl alcohol

Ts iso « Propyl elcohol

Ge Ethylene glyccl

He TFihylene glycol mono methyl ether
I. Ftbylene glycol uono ethyl ether
Je Hethyl acstate

Ee Ethyl aocetate

L. Chloroform

e Dioxane

e Tetrehydrofursn

I1T. Soluble

4. Dimethylformamide
Be Dimethylsulfoxide



B. Fluorescence of Rubroocurcumin |

While conduocting the solubility studies, it was
obgerved that rubrocurcumin exhibits 2 strong pink
fluorescence in chloreform. A search of the literature
showed thet Ghosh (7) hed reported thia fluorescence
in 1919, however no one has developed a quantitative
method for boron based on this phencmenon. An absorytinn
and fivorescence sgpeoctrum of rubrocurcumin in chlcraform,
run on an Asninco Klers Spectrophosphorimeter, is presented
as Plgure I«

The femaibility of applying this fluorescence to the
determination of boron was briefly investigated, however
it was deoided that such an investigation was beyond the
scope of the praynaeﬁ'werk. Figare 1Y 1is an exauple of a
stendard ourve obiained by plottingsg boron / 25 ml
against fluorescence wsing a Turney Fluorometer, The
samples were prepered by the modified Naftel procedure
as described by Pollio (15) except that ohloroform was
uged to dissolve %heke?aparated'aample and that the

?ea&aat was fluoronmetric instead of colorimetric.



Pigure 1
The Absorption and Fluorescence Spectrum of
Rubrocurcumin in Chloroform

An Aminco - Xiers Spectrophosphorimeter
was used to obitein this spectrum.

Absorption

e B LLROTESCONCH
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Figure II
Galibraﬁen Curve For Fluommetris Deteraination

of Boron in Chlorafomm
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Vs %cleealar'%eight of Rubroourcumin

It was learned from the saluhility investigations
above thzt the only solvents in which rubroocurcumin is
sufificiently soluble to glve reproducible readings in the
VYapor Fressure Osmometor are dimethylformenide and
dimethylsulfoxide. Both of these solvents, however,
have such low eveporation rates thst reproducible AR
readings cannot be obitained in a reasonable time 1f they
are uged in the osmometer. Therefore it was apparent
that in order to use the osmometer to determine the
molecular welght of rubrocurcumin, its sensitivity would
bave to be incressed.

A signifiaant.s&nsitivityvincrease was obtained by
modifying the menney in which the semple was applied to
the thermistor besd. If one solvent drop is left on the
reference beed for the entire set of readings, =s the
procedure oalls for, the solvent drop is in equilibrium
with its surroundings. A sauple drop placed on the messure
ing bead requires about 10~15 mimutea to egquilibrate.
#ith most smolventis, however, the AR reading reeches sbout
3/4 of the equilibrium value and is reproducible in about
two mimutese The AR reading is usually mezde two minutes
after plaaing the pample drop on the messuring thermistor.
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It was obsexrved thaet if drops mre placed on both besds at
approximately the same time, this same eguilibrium
difference is obtained in about thirty seconds. Figure
IIT 1is a conparisgon of the sensitivity of the two methods
discussed sbove for epplying the drops to the thermistor
beads.

This method of “simultaneous™ addition was used for
all of the work reported in this paper. A solvent drop
was placed on the reference bead firet end es quickly as
possible (usually within 10-15 seconds) & drop of solution
wes placed on the meevsuring beeds The AR reading wes
made two mimutes later if acetone was the solvent and
eight nivutes later for dimethylformamide,

4 set of samples was preprred by allowing rubrocurcumin
to stand for several hours in a beaker with acetone. The
acetone solutions were then decanted, samples were read
on the csmometer and sliguote were svaporated in tared
porcelain diskes in order to determine the weight concentration.
The solubility of the complex in acetone is so low, however,
that the resdings were low and not very reproducible., It
wes felt that by meking ten AR readings on each sample,
the sversge would he close to the true value even though
thare wes a laige variation between individual readings.

The first five mamples (ell from the same batch of

rubrocurcunin) gave low molecular welghts. This sauple



Plgure I11
Comnparison of ¥esthods of Applying Solvent Drops to
The Reference Bead of The Vapor Pressure Osmonmeter

Zﬁka»@me drop left on reference bead for
entire set ol readings

C): Trop placed on reference bead just
before sample drop is plaosd on sesmple bead

{(Readings made two mimites after sauple -
Bernzil in acetone « was applyed to nmenge
uring bead)
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of rubreocurcumin was apparently conteminsted with low
molecular weight impurities.,. Thie experiment was ropeated
uweing freshly preporaed and esrefully purified rubroourcumin
end the svarage of the moleculzsy weights obtained wasn

less then 3% bigher than the celoulsted velue for &

dslel aumplaz;, In order to test the method to see 1if it
would give reliable resulis, four samples of reorystallized
curcuzin, in the same concentration renge, wore determined
by this procedure. The results of this experiment are
given in Table IIs.

The average molecular weight of rubrocurcumin as
determined by this procedure is 481 with a relative
standard deviation of s 3%. The average of the relative
standard deviations bf the AR readings made on each sample

is £ 169,



Tﬁﬁlﬁ 1x
The %‘ialam;lar Weight of Hubrocurcumin

Wts Cono. AR Holer Conc. He Wte
g/l {Ave. of 10) m/l

04236 0433 +00050 471
0.524 0474 +00112 467
Qa246 0432 +00049 502
04344 0447 +00072 480

_ Ave. 481
The Molecular iﬁeight of Recrystallized Curcumin
{Actual Value = 368.4)

Wts Conce AR ¥olar Conc, He Wte
g/l (Ave. of 10) n/1

0.300 0.39 00082 368
0.867 1.36 +00021 413
0.664 1.20 +0001L8 365
0.199 Q.36 +00055 333

Ave, 370
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Hext, a asixture of acedone and dimethylsulioxide
(THS0) was tested hoping o oombine the favorable
volatility of acetone and the favorable solubility of
the couplex in DHESO. The instrument was halenoed as
weual with 2:1 scetone: DESO on both thermistor bveads,
When atandeards or samples dissolved in this nixture were
tested, the reeding was always zero - in&ieatihg thet the
mixture was aeiing as a solution of IS0 in acetone and
that the sample molecules were so strongly esssoclated with
the DESO molecules that their presence in the solution
éi& not inercase the total number of molecules present.

As wes shown sbove, the solubility of rubrocurcumin
in all of the volatile solvents tested im too low to
yield selutione sufficiently concentrated to give relisble
resfings with the VPO, Therefore, since the instrument
opsrates on & colligaﬁive principle ard measures the
total mumber of moles present regardless of thelr chemiocsl
nature, it wag &eei&é& 40 edd cerefully weighed amounte of
ﬁanzil to solutions of rubrocurcunin in acetone in order
t0 raise the total molsr concentration of the solutions
sbove Q‘QES moles/liter, The VFO is capeble of accurately
neasuring differences in snacentrafian of the order of
0.0001 moles/liter in this range. It wos then possible to
determine the molar conceniration of rubrocurcumin in the
golution by subtracting the concentration of added benzil
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from {the total molar concentration measured with the VPO.
The complex was asllowed {0 stand for smeverasl hours

in zn open besker of scetone in order to give the complex
time to dissolve and to allow some of the acetone to
evaporate = furthsr concentrating the solution. At the
same tiwe, a besker of sc&tbne was left open to the
atmosphere so that it would be conditioned in the sane way
a8 the sssples, Since the concentration of rubrocurcumin
wag low, it was lzmportent fthat ithe golvent placed on

he reforence baaﬁ and used for yrey ration of standards
hed the szme concentration sf‘impuritias‘ Meanwhile
éuffigieﬂt benzil was weighed into teared volumetric
flasks to make the concentration in the f{lasks between
025 and 035 moles/liter when diluted to volume, The
weight concentration of rubrocurcumin in the acetone
solution was determined as before and then the volumetric
flasks were £illed to the mark with this solution. The
benzil « rubrocurcwsin - agetone solutions were resd on
the oamometer along with a set of four standards in the
+025 = 4035 molar range. TheAR readings for the samples

were multiplied by the factor moles/liter celoulated
' LR

fron the rezdings obtained with the standarde. The

molecular weight was calculeted by the following equetion:

. . 1l of rubrocurcumim
Holeculer Weight = %%}gi m/1 - m/1 of benzil




The molecular weight of recrystallized curcumin was
also determined by this procedure. The results of these
determinations are given in Table III,

The average molecular weight of rubrocurcumin as
determined by this procedure is 455 with a relative
sta.ndai‘d deviation of ¥ 7%. The average of the relative

standard deviations for the AR readings made on each sample

is ¥ 39,
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Table IIX
The Molecular Welght of Rubrocurcunin in a Solution of
Benail_inm&cetene*

Conc. of AR Total Excesns Wts Cono. M. Wi,
Bengil - {Ave« of 5) Conc, Cone. of Complex
n/l B/l n/l &/l
03287 14.60 +03%416 00129  .549 426
02797 12445 «02913 +00116 «549 475
+03210 1%.22 +03083 »00117 +549 470
«02635 11.74 +02747 00112 +«549 4390
=02797 1243 +02909 +00112 «549 430
+03125 13.90 203253 200128 +549 429
02973 13.22 »03093 +00120 +549 458
02764 12,29 +02876 +00112 +549 490
«03558 15.81 03700 +00142 +549 387
+03392 13.11 «03536 »00144 +549 381
«03140 14.80 203210 »00070 0344 491
«02792 12,11 + 02847 00055 e252 458
02916 12.63 «02969 »00053 252 476
+03173 13.73 «03%228 «00055 252 ‘ 458
+03361 14.6% 203444 00053 0252 ' 476
Ave. 455

¥olecular Weight of Recrystallized Curcumin in Solutions of
Benzil in Acetone.

Conc. of AR Total Fxcess  Wte Conce M. Wt
Benzil (Ave, of 5) Conca Conc. of Complex

n/l m/1 n/l1 &/l

+02703 12.08 02823 «00120 +456 380
+02635 11.80 «02760 00125 o456 %65
«02939 13.10 «03062 «00123 +456 372

Ave, 372
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Prelininary atteupts to use dimetiylformamide (DMP)
a8 a solvent in the osmometer showed that the resdings would
not reach eguilibrium in & ressonable time due to its low
rete of evaporntion. Readings which were made one hour
aftor depoaiting the drops were still not reproducible.
However, if a thin £ilwm of liguid was placed on the
thermistor besds by barely touching the beads with the
syringea, reproducible readings could be nade in eight
minmutes. The sensitivity of th& ingtrument when DEP is
used is about 1/10 that when scetone is used. Pigure IV
is & écmyarissn of stendard curves run with behzil disgolved
in acetone and IMP,

The data obtalned using DUF as solvent on 10 samples
of rubrocurcuuin and three samples o0f recrystallized
curcunin are given in Teble IV,

The average molecular weight of rubrocurcumin as
determined by this procedure is 462 with a relative
standard deviation of ¥ 3%, The average of the relative

standard deviations for the AR readings made on each sample

is £ 6%0



Table IV
Holeculer Weight of Rubrocurcunin
(Solvent = DEF)

¥te. Conoe AR KHolar Conos M, Wte
&/l - {ive. of 5) /1
3460 0.85 +0085 430
5.12 1.20 .0118 434
644 127 +0139 464
4420 087 0088 477
5.06 1,00 +0106 477
3498 0«86 «0086 463
574 l.22 ' +0125 459
4479 0.95 0102 470
4440 0.93 +0098 449
4.60 C.24 +0099 465
615 _ 1.16 =0130 473
5.85 1.14 «0127 461
5 - 36 i tlQ . 0123 é_ﬁ_&
Ave., 462

¥olecular Weight of Recrystallized Curcumin
(Solvent = DHP)

¥t. Conces AR Holsy Conca Ko Wt
g/l (Aves. of 5) n/l

9,48 2415 «0352 376
537 1.27 0147 365
649 1.48 <0175 370

Ave. 370



Pigure IV
Comparison of Acetone and INP as Solvent for
Holeculexr Weight Determinetions With The
Vapor FPressure Osnometer

O Benzil in Acetone - reading made two
mimates after applying sample drop

A Bengil in D¥P - reading nade eight
minutes after a;zz:;lyins ganple drop
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Vi, Determination of The Molecular Welight of Rosoeyanin

4s mentloned esrlier in this psper, there hzs been a
great dezl of discussion concerning the structure of
rosocyanin for seversl yeers. Therefore it was declded to
obtain the molecular welght of this compound in order to
deternmine whether 14 is 2 li:l or 2:1 curcumin:boron
complex. OSince the polubllity properties of rosocyanin
are very sinmilaxr to those of rubrocurcumin, the molecular
welght determinations ﬁere made using DMF as a solvent.

The procedure used was the ssme as that described above
for the determination of the molecular weight of rubrocurcumin
in DilF.

The date suwmnarized in Table V indiestes that rosocyanin
forms & lil complex under the conditions which existed.

The anloulsted molecular weight for a l:1 complex ia 378.4.
Table V
Holecular Yeight of Rosocyanin
{Solvent = DHF)

¥t. Conce AR Holer Cono. Kole Wihe
&/i {sve. of 5) n/l

4435 1.04 0120 362
3.69 0,89 0103 378
4.52 1.01 0116 389
3.07 0.72 .0083 370

Ave, 374
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ViIl. Determinastion of Holsr Ratic of Boron
to Curcumin in Rosocyanin

The molar ratio of rosooyanin was determined using
the Vapor Pregsure Qusmometer 1o measure the total molar
concentration of a DHF solution of the residue after a solu-
tion containing bhoric acid and cﬁxeumin was alla@ed_to
evaporate to dryness. Tor example, in one test an acetone
solution of .00107 moles of boric scid and .00221 moles of
curcumin was allowed to evaporste to dryness and the residue
was dissolved and washed into a 100 ml volumetric flask
with I¥P. If no reasction hed ccdureé, the totel molar
conoentration of ‘the rﬁéulting golution would be «0107
moles/liter of borie meid + 40221 m/l of a&ruumin or 0328
m/l. If & 131 complex formed, there wculd;be »0107 m/1
of rosocyanin plus .0221 - ,0107 or .0114 m/1l of excess
curcumin for a total concentration of 0221 n/le In the
event of a 2351 complexation the concentration would be .0107
B/1 of 2:1 complex plus .0221 ~ 0214 or .0007 m/l of excesa
curcunin for a total molar concentration of .0ll4.

The results given in Table VI show that :osccyanin
conasists essentially of a 1l:l surcuminsboron complex. All
of the values are slightly lower then expected for a lsl
complex, however, indicating that & small amount {about 24)



of 2:1 complex might be formed, In these experiments the
molar quantity of curcumin used was twice that of boric
acids, Under different conditions the extent of formmtion
of 2:1 complex might be greatly altered.
Table VI ,
Ratio of Boron:Curcumin in Hosocyanin
(Solvent = DuF)

Boric Aeld Curcumnin Cone, if 1l:1 AR

n/l m/l reaction occurs (Ave. 0F 5)
n/l

«0107 0221 +0221 1.83%

0110 0224 «0224 1.87

«0112 «0228 «0228 1.85

«0116 «0229 «0229 l.89

IX. Determinestion of the Boron - Oxalic Acid Ratio

_ fonc.
n/l

+0216
«0220
+0219
«+0223

hecording to the mechanism of the borom - oxalic acid -

curcumin reaction proposed by Powell, Hardcastle and

Poindexter (16), oxalioc and boric acids reaot first to form

a 131 complex as the solution evaporates, making it easier

for the curcumin to enter into the complex.

In order to prove that such a boron = oxelic acid

reaction does oocour, the same procedure used above for the

determination of the molar retio-of rosocyanin was followed.

ﬁeetéﬁs ra%her than DMP was used to dissolve the residue
because of its higher sensitivitye.



The resulis of five éetsrminatiens sumnarized in
Table VII clearly show that borie amcid and oxslic zcid form
& l:1 complex when &8 solution of the two eveporstes to
drynoss, |

'ﬁﬁe residues from the Lirst two semples were dissolved
in 50 ml of acetone and apparently this was not enough
solvent 4o thoroughly wash the ﬁamples‘intc the volumetric
flasks. This probably explains the low value obtainsd
for the first ssmple., TFor the next three samplea, the
snounts of borde acld and oxelic acld were doubled so fhat
100 nl of acetone could be used to wash the beaker.

The higher than predicted values indicate thet the

‘reaction is not quite éo&plete.

Table VII

- Holaxr Retio of The Oxalic Acid - Boric Acid Conmplex
Boric Acid Oxalic Acid Cone. 1f 1:l AR
n/1l n/1 reaction ocours (Ave. of 5)

: n/l

»0248 «0502 «0502 - 1710
0248 20502 +0502 22,90
0278 0506 0506 21,10
0274 «0511, 20511 22,16

0260 «0509 <0509 ' 22433

Cono.

uw/l

.0405
-0540
0502
+0525

«0530



SUBMARY

In this reéeazch graject, information was sought which
could be used to determine the structures of rubrocurcumin
(the compound formed by the reaction of boron, oxalic acid
and curcumin) and rosccyanin (the compound formed by the
recction of boron with cuycumin in the absence of oxelic
acid) and to help us to better understend the mechanism
proposed by Powell, Hardeastle and Poindexter (16) for the
formastion of rubroeurﬁuﬁin.in the Neftel procedure.

The first successful determination of the moleculsr
weight of rubrocurcumin was mades The average of the
rubrocurcumin moleoular weight data reported in this psper
is 461 - only 1l.5% lower than the calculsted molecular
weight of 468.5 for a 1:1:1 complex,

in order to test the methods used, the molecular weight
of reorystallized curcumin was determined by the same methods
uaeﬁ 1o deternmine the molecular welight of rubrocurcumin,

The aversge of the curcumin moleoular welght determinations
is 371 -~ less thsn 1% higher than the accepted value of 368.4.

The molecular weight and molar ratio of the components
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weight of rubrocuroumin was made. The average of the
rubrocurcumin molecular weighti data reported in this psper
is 461 - only 1.5% lower than the calculsted molecular
weight of 468,5 for a 1:1:l complex.

In order to test the methods used, the molecular weight
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uaeé to determine the meleéular weight of rubrocurcumin,

The aversge of the curcumin moleoular welght determinations
is 371 - less then 1% higher than the accepted value of 368.4.
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of rosccyanin were determined showing that the rosocyanin
molecule consists of one molecule of boron complexed with
one molecule of curcumin., A malgculaﬁ weight of 374 was
obtained which is about 1% lower than the calculasted
molecular weight of 378.,4. There wes some evidence thet
a smell amount éf 2:1.eﬁrﬁnminsbcranzcomplex might h=ave
formed also and it is conceded that under different
econditiona the amount of 231 complex formed might be even
higher.

Powell snd cc«a&rkers proposed that a2 1:1 boronsoxalic
acid complex formation is the'ixitial and sengitizing step
in the formetion of rubrocurcumin in the Faftel procedure.
Investigstions of the total moler concentrations of
solutions obtzined by dissolving the residues left on
evaporation of aoluticns containing boric and oxelic acids
to dryness prove thet such a l:l reaction does occur.

In summary, all of the data reported in this thesis
tends to support the Powell, Hardeastle and Poindexter

mechaniem for the formation of rubrocurcumin,
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