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CHAPTER -1 ‘
DIFFERENTIAL KUHN-ROTH
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DIV, WUENTIAL SUHN-AOTH CeMETHYL ESTIMATION

An important item of information sought for
the structure determination of organic aatural products,
especlally isoprenoids, is the mumber and nature of
Ce=methyl groups8. Cemethyl determination by the Kuhn-ioth

chrozic acid oxidation nethodl

proved of considerable
econsequence. Later, infrared spectrophotometry provided
a superior method, when suitable reference compounds
ecould be usedz’a. In recent years, this information is
most coavenlently and efiectively provided by PHMR (proton
magnetic resonance) spectrometry. lowever, often
situations arise when further refinement of the infor-
mation becomes valuable. Thus, often it is desirable

to establish whether the two methyl groups which show

up in a PHMR spectrum as sharp signals, are present as

I. II or 111, B
C
-
L——(l:——- 23 3
C\c <cab NP c '
H/ CHB C/ \CHS C
|
C'—(l.'——Clla
C J
I 1l I1X

Though PMi spectrometry can be employed to distinguish



between the situation I and LI, one will have to

make measurements at two diiferent frequencies. On
the other hand, a distinction between Il and 11l, in
an unkaown, cannot be made by the existing methods'.

Jiring our work oa the structure determination
of himachalenes IV, V and isoloangirolene Vi®~1

Seps ol

we vere faced with similar situations, and we now
report a method, based on Kuhn-ioth C-methyl estimation
at two difterent temperatures, which provides the
answer in the fleld of sesquiterpenocids.

CULil -RQLHL CoMITHYL, ESTAMATION
The uhn~ioth method for the determination of

the methyl group attached to carbon is based upon its

*ia principle, this distinetion is possible by
IR gpectrometry and this method has been used

in certain cuea". lHowever, the results are
often viciated due to the presence of other methyl
groups and due to general variation in the € value
of the methyl group.



oxidation to acetic acid with a chromic acid-sulphuric
acid mixture., Under the c¢onditions employed the oxida~
tion of acetic acid by the reactioa mixture 1s relatively
slow as compared to the oxidatlon of the sample to acetic
acide hen a compound containing one or more methyl
groups 13 oxidised, a quantity ol acetic acid 1s formed
which appears to be dependent on the structure of the
compound. It has been obscrved by Barthel and La Forgo12
that theoretical values are seldom obtained except with
gertain types of groupings. Although, in general, the
side chainsg of compounds furnish theoretical yield of
acetic acid with good precision, other groupings, such
as a methyl group attached directly to an alicyclic ring
or an aromatic ring and more than one methyl group on

the same carbon atom lavariably fail to yleld gquuntitative
amounts of acetic acid. Typleal compounds coataining

one or more methyl groups attached to carbon atoms

having dirferent structural eavironments showed that

the yields varied from 0,29 to 0.85 moles of acetic acid
per methyl group.

Unsatistactory ylelds of acetic acid from certain
compounds led to further investigatioas in the procedure
with respect to the time and temperature and chaanges in



the apparatus design, recagents ete, Jigestion of

the compound with the reaction mixture in sealed tubes
has been used to avoid losses due to certain volatile
compounds formed duriag oxidation; mechanical agitation
of the sealed tube has been used to ensure coantinuous
mixing of a sparingly soluble solid, an immisible liquid
or a gaseous organic compound with the chromice acid-
sulphuric acid solutiont<rl4, Jelgenberger has shown
the relation of the oxidisability o certailn compounds
with the time of reaotiouls. The reaction temperature
also seems to be rather aritical and the use of higher
temperature (150°G) has resulted in some destruction of
the acetic actd rormed'®, The yields of acetic aeid
could be improved in certaln cases by using more coa~-
ceatrated reagents. Glnzc%6observ¢d that by increasing
the proportion of coaceatrated sulphuric acid i the
reageant, the oxidation of the braanched chain fatty acids
wus better and the overall yield of acetlic acid per
termincl methyl group had improved to about 75-85% of
the theoretical value . Jacketed stills designed by
welsenbergertd, schoaiger gt all” and Tashiinian and his

14 for rapidd distillation of the acetic acid

coworkers
saved considerable time for the estimation. Welsenberger

passed the vapours oif the volatile compouands formed during



3"

oxidation through a hot solution o1 chromic acide
sulphuric acid mixture for their better conversion

to acetic acdt®, Heutralisation of the excess
chromic acid betore iistillation ol the acetic acid
19 nas, later,
beea showa to be uanecessary™® and direct uistillation
ol acetie acld is possible without its loss due to

usiang hydrazine or hydrogen peroxide

oxidation., A comparison of four diiferent methods
for the estimation of the methyl group attached to
carbon has beea studied by Gore and wupte=C, who have
concluded that the digestion o1 the compound in a
sealed tube 1s most eilective.

Karrer and cm-mx'lwx'sa ]ﬁuve developed a method
for the estimation of the methyl group linked to carbon
with 0.2 to 0.4 mgm substance, which includes treatment
of the acetic acid formed with ethylamine solution and
its further estimation with the help of paper chromatoe~

graphy .«

METHOLS AHD PROCEVURES: slthough attempts have been

made to use the Kuhnedoth Cemethyl determinstion and

its modifications for declding the nature ot the methyl
group, its use has been limited due to the doubttul
inferences drawn from the yleld of acetic acid, especlally
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in the case ol compounds containing several methyl
groups of different types, and also those containing
gem-methyl groupnaa’zs.

A3 a result of a detailed study of the deter-
mination of Cemethyl groups in aliphatic compounds of
nigh molecular weight by a moditfication of the Kuha-itoth
method, it was found that the yleld of acetic aclid varied
from 70 to 97¢ of the t.heoryla. A strong oxidising
solution and higher temperature (135°C) improved the
yields to those mentioned above.

RENLTY: The methyl groups ia branched chain ratty
acids have been estimated by ainger'®. 38y using nis
nodified method for improving the yield of acetic acid
and applying his observations to the dextrorotatory fatty
acids of unknown structures isolated rrom the acetone-
soluble fat of tuberculin residues, he concluded that
these scids contain doubly branched chains. Campbell
and Morton®® using the same modification have shown the
difficulty encountered in obtaining quantitative yields
of acetic acid on oxidation of compounds contalning
gem=dimethyl and tert-butyl groups. The yield of acetic
acid has been shown to vary from G2 to 99¢ per mole

of each =G(GHg)g, >C(CH), and >C-G, group. The method
theretore could not be used as a means ol determining



the exact nuuber of methyl groups preseat in a

molecule or deeiding their particular nature €eBe

Lycopene,which eoatalans six }c-cn3 and two \c:‘:":?’
Cil.,

7

groups gives acetic acid ror six Cemethyl groups in
91% yield or for eight groups in 69% yield. As the
yield of acetic acid varies coasiderably and may be
as low as 62§, analysis of such compounds will not
show whether the acetlc acid comes from the —C-Cilg

groups alone or from both ~>C-CH3 and }:(miﬂ groups.
CHS

Thus 1t 1is not possible to correlate the yield of acetic

acid with the number of methyl groups preseat or their

particular nature,

The effect of the structure of cyeclic compounds
oa the ylelds of acetic scid in the determination has
been tollowed by Petru, Jurecek and Kovum. They have
observed that the branched cycloparatfing give low yields
but cycloolefins, cyeclic alcohols and ketones give higher
yields of acetlc acld, Hence 20 relation could be esta-
blished between the structure and the yield of acetic
acid,

“he dirficulty encountered in interpreting the
results obtained by the procedure of Campbell and Morton



in some unsaturated straight-chain compouads has

been pointed out by Campbell and Chettleburgh®,

Oleie acid, oleyl alcohol, methyl oleate and linoleic
acid which coatain oaly one C=-methyl group gave 1,28
to 1.66 moles of acetic acid, These results would be
expected from compounds contaialng two C-methyl groups
because the yleld in branched chain fatty acids could
be a8 low as 625522.

The behaviour of alkylbenzeaes towards oxidation
in the Xuhne~ioth determingtlon by a modified procedure
has beea studled by Dracenberger and covorku-las. By
increasing the concentration of sulphuric acid in the
reagent and raising the reaction temperature to 130°C,
the interference due to benzoic acid could be avoided
as & result of its complete oxidation, The cleavage
in the side chain has been established to occur between
« and p carbon atoms., Thus ethyl and isopropyl benzene
do not yield appreciable amounts of acetic acid ut
a=propyl benzene gives a good yleld. Also, pivalic
acld (trimethyl acetic acid) which ylelds negligible
amount of acetic acid uader the usual conditioas of
Kuhn-Roth estimation, gives good yleld by this modiried
procedure. In general, the conditions used have helped

in determining the aumber of methyl groups on the ring



as well as in the side chains having carbon atoms one
to tweaty, and the results compare well with the expected

values.

risenbraun et al®® have showa that the Cemethyl
determination might be more intormative i considered
in conjunctioa with the amount of oxidising agent that
is actdally consumed by the compound. From the value
it should be apparent whether surficient oxidation has
occurred to coavert the compound completely to the steame~
volatile acetic acid, carbon dioxide and water or it
the oxidation had stopped at some intermediate stage with
the formation of' stable, non-volatile acidic products,
6.8+ dibasic aclds, From the data collected for G) com~
pounds it has been evident that there is a great varia-
tion in the amounts of oxidising agent coasumed. The
C-methyl value of some of the monobasic acids results
trom the titration of the unchanged acids. The dibasic
acias have not ylelded any C-methyl value tut show large
difrerences in their resistance to oxidatioa. The
stability of sucecinie, and to a lesser exteat of glutaric
and adipic acids to the oxidising agent indicates that
these aclds as well as acetic acid might be the end
products of oxidation,
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A careful examination of the results obtained
by Edsenbraun Mza suggests that the guaternary methyl
group is more resistant to oxidation than a tertiary
methyl group. The yields of acetic acid reported for
the relevaat compounds are given below:
1) «yk=Dimethyl succinic acid 0.08 mole
11) g,f~Dimethyl glutaric acid 0.0L »
111) Methyl isopropyl ketone 1,76 =

Thus the yield of acetlic acid is very poor for a gem~dimethyl
group and appreciably good for an isopropyl group.



EXPERIMENT AL

REAGENTS: Qxldation alxkure
chromic acidesulphuric acid mixture was
prepared by dissolving 16.7 g ot chromium
trioxide BDH AR in 100 ml of water and adding
26 ml of sulphuric acid AR (sp, gr. 1.84) to
it with cooling.
Sariun ghloride Bl 4R

WATEIALS: AlL the samples were of analytical grade.
Some of them were readily available in this
laboratory. Hest of them were obtained from

other sources,

PAiL : Thigic wall Pyrex tubes having
internal dianmeter : 10 mm
external diameter s 12 mm
length : 350 mm
lidero Carius furnage with a heating

block fabricated to accommodate tour tubes
and an electronic relay to control the temp.
within a narrow range of % 2°C,
PHOCEWRE: About 5«7mgms of the compound was weighed out
accaurately in a miero carius glass tube. After chilling the



tube in ice cold water, 5 ml of the oxilation mixture

was added to the sample. The tube was then sealed at a
length of S0 ems and atter the carius furanace attained

the desired temperature, it was introduced cautiously iato
one of the pockets of the rurasce and the lid properly
closed. When the golubility ot the compound in the oxie
dation mixture was found to be somewhat unsatistactory,

the tube was taken out occasionally and turned caretully
several times to establish a better coantact of the sample
with the oxidation mixture. After heating the tube for

the desired leagth of time at the required temperature,

it was taken out carefully aad placed 1a a beaker con-
taining water, After chilling the tube with ice-cold

water to avold the loss of acetlic acid, the tube was opened
as usual and the mixture transterred to the distillatlon
assembly. To ensure a quantitative traasfer of the mixture,
the tube was wushed thrice with 1 ml portions of distillied
water and the washiags transferred to the distillation
assembly. The distillation of acetic acid was then carried
sut without neutralising the excess chromic acld, and after
ascertaining the absence of sulphuric acid with small
quantities ol barium chloride. The distillate was titrated
against 0,01 i sodium hydroxide.



It will be clear from the survey ol methods and

rosults of Kuha-Roth estimatioa given above, that the

gem. dimethyl residue 1l in a molecule does not con=-
tribute signitficantly to the total acetic acid produced
in the oxidation. Furthermore, compounds having one, two
or three methyl groups on the same carbon atom are expected,
theoretically, to give acetic acid equivaleat to oae methyl
group oaly, from that part of the molecule,

3ince an gen. dimethyl residue in a molecule,
ultimately gets degraded to dimethyl succiniec or dimethyl
malonic acid in the chromic acid oxidation and it 1is
the inertness of these acids to further oxidation which
is respoasible for the lower acetic aclid values in the
tuhne=goth estimations, it was decided to lavestigate the
Kuhn=Roth estimation of unsym. dimethyl succiaic acid.
Table I summarizes the data obtained under various coaditloas.

TABLE I = OXIDATION OF UNSYM,DIMETHYL SUCCLAIC aCLd

Temparature Time Yield of acetic acid
120° 1.5 hrs 0.09 mole
126° " 0.12 *
120° " 0.34 *
125° 2.5 hrs 0.14 *

140° 10 hrs 0.54




Since 1t has been round by previous authors that
signiricant losses of acetic acid occur by further

oxidationt®

it ostimation 1s carried out at higher
temperature, the loss of acetie acld by further oxie
dation at higher temperature was experimentglly deter-

mined.

TABLE II - OXLDATION OF ACEIIC aClD

Temperature 7ime % loss of acetic
acid
140° 8 hrs 9.5
. 16 20,6
" 2¢ " 30,9

sesquiterpenodds: From the above data it is clear that
unsym. dimethyl succinic acid gives negligible amounts of
acetic acid under the usual conditions of Xuhn-Roth esti-
mation (120°C; 1.5 hrs), appreciable quantities of acetic
acid (0.54 mole) are produced when the oxidation 1s
carrie. out at 140°C (10 hrs). This value will appreciate
signairicantly when the loss of acetic acid by further
oxidation is also taken into accouat. 3ince the evalua-
tion of this loss of acetic acid from a compound of
unknown structure will be ditricult to determine, it was



argued that the dirfereace in the amount of acetic

acid produced under the two conditions - (1) 120%; 1,5 nrs,
(11) 140°; 10 hrs - may provide a measure of the number

of gem.. dimethyl groups present, as the estimation of
higher temperature is expected to give additional acetic
acld arising from quaternary methyl groups only. Further-
more, 1f the experimental results come up to these expec~
tations then o differentiation between types Il and 11l also

C
¢ ¢ ——FCig
\c /CHS b
AN
C/ CHb ‘I;
II 11X ¢

becomes possible as the latter should give almost twice
the amount of acetic acid,

To test the above reasoning, ruhn-foth estimations
of a number ol sesquiterpenes coataining no quaternary
carbon, were carrled out uander the two conditions, As
can be seen from the results given ia Table LI, A AcHH
is zero or negative, thus coanforming to our expectations
that ia the absence of quaternary methyl groups the usual
conditions surfice to furnish all the acetic acid possible
from a given structure,.
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TABLE IXII - OAIDATION OF COMPOUNDS CONTALNING
TERTIALY METHYL GROUP

Yield of acetic acid
Compouad in moles ALCOH

120%; 1.5 hrs 140%; 10 hrs  Ole

f-3isabolene

2.38 2.22 «0.11

thusinol
1.88 1.72 «0.16
OH
‘@ 1.86 1.79 -0.07

Germacrone
2.28 2,39 +0.,01
N 2.24 2.24 0.00
0

§ -Cadinol
2.21 2.13 -0,08

2,20 233 +0.,03
OH
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iext a series or sesquiterpenoids of Xnown

structure and having at least one quaternary methyl
group, were subjected to this differeatial Xuhn-goth
oxidation. Table IV gives the data ror various struc-
tural types investigated. As can be seen, A AclH is
always positive as expected, the average o4 AGOH value
per quaternary methyl sroup being 0,37 mole., By taking
this value as equivaleat to one guaternary methyl group,
the auuber of quaternary methyl equivalent has been cal~-
culated and the results compared with the actial values.

If the gem=dimethyl group (or a quateranary methyl
group) is present on a cyclopropane ring, the compound
may behave either as belonglng to the class ol compounds
given in Table 1Ll (without guaternary methyls) or those
in Table IV (with quaternary methyls), depending on the
structure of the product on cleavage of the c¢yclopropane
ring by the sulphric acid present in the reaction »ixture.
Table V gives the results obtained with two such compounds
and as can be scen from their structures, the . gem-dimethyl
group preseat on the cyclopropane ring is not expected
to coatribute to the acetic acld any additional amount
at the higher temperature estimation.

7% a2
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TABLE IV - QAIDATION OF COMPQUAND CONTALNING QUATERNARY
METHYL GROUPS

Yield of acetic No.of quaternary ,
Compound aeld in mole & AcOH methyl equivalent
120° 140°; ™1 poung Actual
1.5 s 10 hrs
(1) (11)
Humus eae
- 1.51 2001 "'00& 1.3 1
Zerumbgne
1.75 2.15 +0.40 1.1l 1
Tetrahydro=~
serumbone
1,64 2,138 +0,49 1.3 1
liexghydro«
zZerumbone
0 1,60 1.90 +0430 0.8
1.55 1.92 +0.37 1.0 1

essocontd,



TABLE IV (Contd.)

vield of acetic Ho.of quaternary .

Compound acid in mole . methyl oq\uulcnt
AAC
120° 1.40°; mole Found Actual
1,5 hrs 10 hrs
(1) (14)
Longifolene
00& 1.47 *0087 23 a2
-
Cyperone
2.02 243 +0.21 0.6
my 2.04 2,20  +0.16 0.4
fw=3jelinene
lo&- 1.7 +04,20 0.5 1
1.55 1.74 +0.19 0.5 1
1.47 172 +0.25 0.7 1
) S
':’atchouliﬁalcohol
j11.31 1.72 +0.41 1. 1
}x.aa 1.73  +0,41 1.1 1
. -
1.56 1.97 +0.42 1.1 1
1
)"‘ b——{o L oOOﬂt.&.



TABLE IV (Contde.)

Y

Iield of acetic

do.of quat

ernary

acid in mole methyl oquivalcnt'
Compound o o A AeOH
12073 1407, mole Found Actual
1,5 hrs 10 hrs
(1) (11)
Carotol
1.91 2.02 +0.11 0.8 1
1.89 2.06 +0417 0.6 1
lo% 3014 +U 232 0.6 l
OH
feEl emene
1041 1,93 +0.52 l.4 1
@( 1.46 1.99 +0.53 1.4 1
l«Junenol
1,10 1.58 +0 .43 l.2 1
@Q\r 1,13 1.54 +0.41 1.1 1
OH
Jatamansone
(Valerznone)
0,99 1.81 +0 .82 242 2
)\dé 1,02 1.7 +0.76 2.0 :
vodrol
g 089 1.50 +0.61 1.6 )
0,94 1.8 +0.57 1.5 1

‘zmmbcr of quaternary
methyl equivalent

- moles of AcOH (41) -~ (1)

average A AcUH



TABLE V « OXIDATION OF COMPOUNODS HAVING QUA'I ERNARY
METHYL GROUP3 ON A CYCLOPROPANE RIJNG

i1eld of acetic No.of quaternary .
Compound acid in mole A AcOH methyl equivaleat
120°; 140%; mole Found Actual
1.5 hrs 10 hrs
«=(ur junene
Maaliol
1.78 2.08 +0.30
) 8 1
1.7 2,07 +0.38

Q\uterm:{ nethyls other than those present on the
eyelopropane ring.

As can be seen from the above results, differeatial
Xuhne- oth estimation as described here can be used to determine
the nunber of gquaternary methyl groups preseat. Jince a
structural residue of the type II is equivaleant to one qua-
ternary methyl in the Kuhn-Roth estimation, the method can
be used to distinguish vhether a compound of unknown structure,



showing two quaternary methyl signals in 1ts PMR
spectrum, has these present as a. . gem.~dimethyl group
or two quaternary methyl groups.

As meantioned earlier, the ne«l for a method
which could differentiate between the possibilities II
and III, arose in eoauection with the structure deter-
mination of sesquiterpenoids himdmloaele”)
lonzitolmom’u. «e discuss below the data obtained
with these compounds which helped in giving the necessary

inrormation.

and iso~

The himachalenes are the sesquiterpenes present
in the essentlal oil of Cedrus deodara Loud.® These
compounds on dehydrogenation with selenium give cadalene
and 2e-methyl=6(p~tolyl)~heptane as the major products.

o o

lowever, from various considerations it was concluded

that himachalenes do not contain an isopropyl group and,

in all probability these two methyls are present as a.

gem. -dimethyl fuanetion, Both, «~himachalene and /~hima~-
chalene were subjected to differeatial Kuha-Roth estimation
(Table VI) and the results clearly show that only one
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quaternary methyl equivalent is present. “hese conclusions
have since then been completely coarirmed as the structures
ol «=himachalene and f-himachalene are now well establisghed
as structures IV and V respectively.

v v
TABLE VI ~ OXIDATION OF HIMACHALENES

Yield of acetic Ho.0f quaternary
Compound acid in moles AdeO Bethyl equivaleat
120°; 140°; mole Found Actual

l,5 hrs 10 hrs

«={{imachal ene
1.00 1.56 +0,47 1.8 1

-{imachalene
1.58 2,02 +0.44 1.2 1
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Isolongifolene is an artefact produced in the
acld-catalysed isomerisation of longu‘olmdlo. At one
stage in its structure determination it was necessary
to have the informaticn whether in isolongifolene the
four quaternary methyl groups (PHi) are present as two
uaits of the type II or as one of this type and two
isolated quaternary methyls. Table VII gives the results
obtained by differential Kuhn=-joth estimation of isolongie-
folene. /3 can be seen, the results clearly show that
an equivalent of two quaternary methyl groups is preseat,
and this is in complete accord with the structure VI now

knowa for lsolonsitolonn‘u.

vl

TABLE VII « OAIDATION OF ISOLONGLFOLENE

Yield of acetic do.0f quateraary
Compound acid in mole. A igoi Bethyl equivalent
120%; 140° mle  pound  ictual
. 1.5 hrs 10 hrs
Isolongifolene

0.76 1.88 +0,82 ded 2.0




Jther Compounds. In order to examine further the

scope of this estimation the method was applied to a
aumber of di- and triterpeaes aad sterols. The results
have been collected in Table VIII. It can be at once
noted that though limoain contains an equivalent of
threc quaternary methyls, A AcOH is almost zero, indie
cating thereby that all the possible acetic acid was
produced at the lower temperature itself., The most
likely explanation for this appears to be high level

of oxidation of the molecule itself, especially around
the quaternary methyl functions. In all other cases,
the AAcOH 1s positive, and using the average A AcOH
value per one quaternary methyl group, as obtained in
sesquiterpenoids series, the number of quaternary methyl
equivalents found, are reasonably close to those actually

present.
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TABLE VIII » OXIUATION OF 0I- AdD TRITEAPLIES A4V STEROLS

Yield of acetic No.of quaternary
Coupennd acid in mole Aﬁciﬂ mothquoquivdom
mole
1.ao°; 140°; Found Pregent
1.5 hrs 10 hrs.
Jalareol
1,20 277 +0487 2.4 2.0
" 1.86 2,56 40,70 1.9 240
H
«=Amyrin
gﬁ? 1,75 3.45 +1,70 4.6 5.0
H
peAmyrin
1,48 3.6 1.68 4.5 6.0
1,58 3425 1.77 4.8 6.0
H
Fricielan~
oneol
0e33 3.02 2,69 7.8 8,0
Q28 3400 2.72 78 6.0

eescontd.
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TABLE VIII (Contd.)

X‘J;;ld 1:1‘ ai\otic Joig quatermyt
- acld mole methyl equivalen
Compound - - A AGOH

120 1407 mole Found Present

la5 hrs 10 hrs

Limonin
2027 3016 ~0.02 - 360
2034 3¢50 +0 006 - 340

Cholesterol

2421 2491 +0.,70 le2 2.0
@E\% 2429 2,83 +0.54 1.5 2.0
H
jtigmasterol
2491 8448 +0.57 1.5 240
@ 2.92 S.54 +0,62 L7 2.0
H
f=sitosterol

&B 2.77 3054 "0.77 kiol 2.0
H
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CHAPTER T

DETERMINATION OF THE NUMBER
AND NATURE OF ACETYL GROUPS
IN ORGANIC COMPOUNS
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DETERMINATION OF Tub NUMBER AMD HATURE
OF ACETYXL GROUP3S IN ORGANIC  COMPOUSLS

The acetyl group determination is oane of the most
gommonly used functional group estimatloas. while the
estimation gives ecxcellent values in many cases, low values,
due to iacomplete hydrolysis, are obtained with certain
types of He~acetyl dcrivativnl". Another factor for unsatis-
factory results 18 the poor solubility of some compounds
ia the reaction maxuuna’s"?.

{hese limitations led several groups of workers> 19

to work out alternative or modified procedures. while
determining the d~acetyl value of certaia compounds (vide
iafra) by the standard reconmended procodu.roao which
iavolves base hydrolysis, followed by rapld distillation

of the released acld after acidification, unsatisfactory
results were obtained in several cases. Use of some of the
nodifications recommeaded ia the literature®, did not give
results to our satisfaction. Ia view of this experieace

it was decided to study this problem in detall and we now
report a modified procedure which enables similtaneous

det ermination of O-acetyl and N~acetyl values, gives superior
results for a wider range of N-acetyl compounds and is also
economical ia time.



3L

PHEVIUS QS

3everal modifications 1a the procedure, recommending
a variety of rcageats as also alterations in other factors
have beea suggested with a view to overcome the ditfficulties
eacountered in hydrolysing such compounds. Accordingly, the
methods for the determination can be classiried into two
broad classesj one, where the hydrolysis is brought about
with alkali and the other, where it is effected with acid,
In the case of alkall hydrolysis, the alkaline solution
i3 acidified arter the hydrolysis is over to liberate acetic
acid, which is distilled off and titrated as usual. The
transesterification method 1s also favoured by .0“‘8-1.5'
in this method, the liberated acetic acld forms ester with
the solveat alcohol, which in turn is distilled off and
hydrolysed further to yield the acid by elther of the above

procedures.

The reagents employed are methanolic and ethanolic
sodium hydroxide and potassium hydroxide for alkali hydro-
lysis. Acid hydrolysis is carried out by using sulphuric
acld, p-toluene sulphonic acid, phosphotungstic acld and,
less often, phosphoric and hydrochloric acid. The trans-
esterification methods make use of potassium or sodium
methylate in anhydrous methanoll®11118, me guha-oth



oxidation method employing chromie acid-sulphuric acid
mixture has also been used to achieve the same objoctivol“’l?.
However, this method would be helpful oaly for the compounds
of known structures, for the methyl groups attached to

carbon atoms also yield appreciable amounts of acetic acid.
Jwiously, the method has a lmited application for the
purpose and does not lend itself convenieantly for compounds

of unknown structures.

An approach by Benson and Turner*® includes the
use of acetic anhydride labeled with %carvon, The sample
1s acetylated in pyridine or in the preseace of labeled
sodium acetate as a catalyst. The specific activity of the
solution of a weighed amount of the derivative ia dimethyl
tormamide is determined in a flow counter. The number of
acetyl groups is obtained by dividing the speciiic activity
of the derivative by one half the value obtained for the
specitic activity of the acetic anhydride.

The solubility of the sample in the solveat is
of vital importance; deviation from this inescapable re-
quirement results ia low values. The solvents used for
the reageats are methyl alcohol, ethyl alecohol, benzyl
aloohol®, acetone?, dioxane® and pyridine’. The recommeaded

use of pyridine for certain very Jdifficultly soluble
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compounds like steroids and triterpenoids has compelled

the use of alkali~hydrolysis. On the other hand, Torres
g:__ﬂ,_.lg have preferred saponification of the acetyl deri-
vatives of polyphenols in acld solutions since they oxidise
rapidly in alkaline solutions. The free acetic acid was
determined conductometrically.

Both the alkalimetric finigh as well as the iodi-
metric finigh are used extensively. However, a subtle
point raised by Inglis favours alkalimotry‘; according to
him, the low dissocliation constant of acetic acld does
not permit lodine to be liberated quantitatively la the
iodimetry. Jome modified procedures deseribe elimination
of the distillation of acetic acid by using potentiometric
titrations*? and ion exchange ohroutoarapwal’za.

HMethods tor rapid estimation and simultaneous
€38 tio « The time required for dis-

tilling the acetic acid secems to have attracted the atteantion
of many. A munber of modiriecations seem to have been devoted
to improve this part of the procedure. The moditied rapid
distillation stills of wieunborgerl‘, 3choaiger g_g_g.ao
aad Judo M.aa have provided ansvers to this problem,
Estimation of acetyl and formyl groups in presence of each

other has been accomplished by Xan M.24. 3imultaneous
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estimation of both these groups by a gas chromatographlc
method, which needs less time and less substance thaa the
eonventional micro procedure, has been reported by spingler
and larkert3>, A method to estimate acetyl and azido groups
in presence of each other has been standardised by Messmer

and Mlinko®S,

Jirfiuities encountered: Freudenberg and sorr’ experieaced
dirriculties in hydrolysing certain compounds. In the case
of acetylglyecine, they had to repeat the operation firteen
times to erfeect eomplete hydrolysis, which they brought

about using petoluone sulphonic acid. Kuhijnothd studied
the behaviour of differeat types of compounds in the acetyl
group determination and found that certain Neacetylated com~
pounds were resistant to hydrolysis and needed loager hours
and stronger reageats to yleld the expected theoretical value.
Using 1N methanolic alkall and 5 aqueous alkali they found
that acetylglycine required 150 minutes for complete hydro-
1ysis as against certalan O~acetylated compounds where hydro-
lysis could be accomplished in only 50 mimates., Elek and
Harte® have carried out the hydrolysis by their modiried
procedure using p-toluene sulphonic acid and the iodimetric
rinish., Although their reported time for acetylglycine

1s 150 minutes, it had to be extended to about three hours

in certain NHeacetylated compounds. The rate of hydrolysis



has also been shown to be appreciably affected by certaln
gtructural features like steric hindrance. This has beea
studied by Bryant and 3mith®® in their study of saponifica-

tion of esters.

In structural diagnosis it often becones necessary
to distinguish between the Nw~acetyl groups and O~acetyl
groups and to determine the exact aumber of each ia the
compound under investigation. The widely used method of
anz and mdson39 in sugar chemistry was modiried by Wolfron
et a1.1% and traasposed to micro seale by Alietno®. It
has been shown by Alicino that O-acetyl groups are selectively
hydrolysed by 0.0l N sodium hydroxide in an acetone solutioa
of a compound in about two hours at room temperature, leaving
the Neacetyl groups unattacked. The method, however, does
not lend itself conveniently to the analyses of water-
insoluble compounds such as sterol acetates, triterpene
acetates ete., and also for deeply colored compounds. Free
acidic or basic groups and also the liankages which can
open on hydrolysis to liberate acetic acid would interfere
seriously and the results therefore would aeed proper
interpretation.

The fallacy in the interpretation of the results
obtained in the carbohydrate acetates by earlier workers
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has been shown by Inglis®, iiis clarification and

revised Interpretation have been quite convineing. Using
the distilliation method of jchoniger et al., he observed
that the hydrolysis of acetanilide and phenacetin proceeded
only to the extent of about 50%, whereas the usual method
of distillation gave the theoretical values. lowever,

the results of the Q=acetyl compounds were guantitative,
irrespective of the method of distillation. It has
therefore been concluded that in the usual procedure,

the circumstances are fortuitous and the hydrolysis goes

to completion during the distillation of acetic acid after
acidirication. The low value resulting due to the resistant
nature of the H-acetyl bond could be lmproved to the theo-
retical one by increasing the strength of the reageat 1.e.
using 58 sodium hydroxide in 33¢ methanol in place of

1, 50f% methanolic sodium hydroxide.

PREIENT WORK

While using the modified procedure due to Inslis‘,
for certain types of compounds which gave us low results
with the standard nothodao, it was tound that most of the

triterpene acetates and sterol acetates remained iansoluble
in Inglis reageat, which led to unsatisfactory results.

While searching for a useful solvent which could be
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incorporated ia the Inglis reagent it was found that
addition of some pyridine led to dissolution of the tri-
terpene acetates and this gave superior results., It vas
further found that a mixture of S agueous sodium hydroxide
aad pyridine could be used and methanol could be omitted.
purthermore, it was found that the usual step of removal

of solvent before acidification was unnecessary, in this
case, thus economising coasiderably in time. An additional
advantage of this reagent is that 1t gives negligible blank
unlike the Inglis reagent, wheme the blank value iancreases
coasiderably oa storage.

The above procedure (1), was next tested for
certain representative N-acetyl compounds tut was lfound
to be unsatistactory. 7lhe procedure was then modiried (2)
vhen satisractory results were obtained for acetanilide
and phenacetin but i-acetyl tryptophane gave low results.
A third procedure (38) was then worked out which gave
satisfactory results with all the three compounds. These
results have been summarised in Table I,



3

TABLE I - H~ACHEIYL ESTIMATIONS

leageat: Pyridine 1 ml+ 84 aqueous sodium hydroxide 1 ml
Acldification: 4 ml 507 sulphuriec acid.

Proce~ Compound Time of moles of acetyl
dure hydroly*  .ound Actual
sia.
) § Acetanilide 40 min 020 1.00
0.90
0,90
Phengoetin " 0.58 1.00
Negcetyl-dl- " 0.24 1.00
tryptophane
2 Acetanilide 40 min,. 0.99 1,00
alkaline 1.00
+30 min, *
after acie
dification.
Phenacetin " 0.95 1.00
0.96
HeAcetyledle~ " 0.68 1,00
tryptophane
3 Acetanilide 40 min. 0.99 1.00
alkaline
+40 ﬂiﬂo
after aci-
difica~
tion,
Phenacetin ol 1.00 1.00
1.00
Hesgetyledle " 1,00 1.00

tryptophane
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Thus, based on the experience of mode of
hydrolysis of the acetylated compounds, three procedures
(A, B and C) were standardised and investigated for a
wider range of substrates,



Materials:

Apparatus:

Procgp_'o! )

Y

EXPERIMENTAL

Pyridine Baker's analytical reagent.
Methanol E.lMerck .leageat grade. sodium
hydroxzide solutions 5§ and 0.0l¥, Coac.
sulphuric acid (sp. gr. 1.84), Barium
chloride BOH AR,

loat of the compounds iavestigated vere
readily available in this laboratory.
Acetylglyeine™®, Neacetyl diphenylamine®t,
Negcetyl oyolohoxyluino& and Neacetyl
pipu'icunoaa were prepared by the methods
reported in the literature,

Hydrolysis was carried out in the usual
apparatus for acetyl group determination,
Parnas-Wagner modification of the distilla-
tion apparatus was used for rapid distilla-
tion of acetic acid, the leugth of the con-
denser jacket being increased to 40 cms.

4 Reagent: 4 ml 507 methanolic 1N sodium
hydroxide. (1 ml pyridine ir
necessary).

Time of hydrolysis: 20 min,
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Acldiricstions 1 ml. 30% sulphuric acid.
(arter removal of the solvents).
B. Reagent: 1 ml. pyridine and 1 ml 5§ aqueous
sodiun hydroxide.
Time of hydrolysis: 40 mia., alkaline
+ 20 min, atter acidirica~

tion.
Agidirications 4 mi. 807 sulphuric acid.

C+ Reagent: 1 ml., pyridine + 1 ml. 5§ aqueous
sodium hydroxide.
7ime of hydrolysis: 40 mia. alialine +
40 min, atter acidifica-
tion.

Aeldirication: 4 ml, 50§ sulphuric acid.

About 58 mgm semple was weighed accurately and
hydrolysed under the conditions described above. The dis~
tillate was collected in four fractions of 50 ml each and
titrated against 0,01¥ sodium hydroxide after checiting the
absence of sulphuric acid with a small amount of barium
chloride.



O-acetyl determination:

The three procedures (A, B and C) deseribed
above were applied to a variety of triterpene compounds
and a chalkone acetate. As can be seen from the results
given in Table 1II, all the three procedures gave good
results. It may be mentioned here that some of these
compounds had earlier given quite unsatisfactory results
by using Inglis procedure.

TABLE II « 0-ACETYL DET ERMINATION

moles of acetyl
Compound Toend Actual

A B c

pg-Anyrin acetate
1,00 1.02 1.00 1,00

AcO

Iupeol acetate
1,02 1,00 0,99 1,00

AcO sssescoOntd.



TABLE 1I (Contd.)

moles of acetyl
Found Actual
A B c

Cholesterol acetate

ea Diacet
olutan-&-t

JC@N 1,98 2,00 1.95 2.00

'4 94' ~Trimethoxy ~
6' =acetyl chalkone

0.99 1.00 1.0 1.00

0.99 0.98 1,02 1.00
31!60 Ac

CO—CH=Ci oCH 8




~gcet det

The scope of the above three procedures was next

44

ascertained by examining a aumber of Neacetyl compounds of
The results are ccllected

gonsiderable structural variety.

in Table III,

TABLE IIl « N-ACEIYL DLTERMINATIONS

moles of acetyl

Compound Tound Actual
A B c
Acetylglyeine
cHsco.ml caacoai 044 0,99 0.99 1,00
Acetanilide
0.51 0.99 0.99 1,00
Phenacetin
-As 0.5838 0.97 1,00 1.00
Wiy
NeAcetyl diphenyle
amine
0.438 0.92 0,09 1,00

esssesscontd.



TABLE III (Contd.)

moles of acetyl

Compound Found Actual
A B c
Helcotyl=dl~
tryptophane
P 0.18 0.68 1400 1,00
@ I—cxg ﬁ: COO0H . .
o |
H
li=Acetyl~dl~
pheaylalanine
0.16 0.72 1,00 1,00
@»ca;qu«cooa
-
Ac
*ji-pcetyl cyclo~
hexylamine
—AS 0410 0.12 0.15 1.00
0.10 0.18 0.18
3,l=Acetyl
holarrninine
) 0411 0,66 0.88 1,00
CHg CHg 0.87
CH— Nil,,
Ac—i
H

.QOO'Owntdl
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TABLE III (Contd.)

moles of acetyl
Compound Tound Aetual

NeAcetyl piperidine

0.7 0.88 0.62 1.00
® 5
Ae

NeAgetyl jerviae
Ae 0,5 0.29 030 1,00
0+50 0.30 0.30

'aunt: by the coaveantlional procedure were
0.07 mole (2.14%).

Jn the basis of the above data it would appear
that the Ne-acetyl compounds can be classified into two
types.

(1) when nitrogen is a part of a straight chain
or is linked to an aromatic ring.
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(11) when aitrogen is attached to an alicyclic
ring or is a part of a heterocycle.

It would appear that compounds of class (i) normally
give satisractory results with procedures B or ¢, while
considerably low results are obtained fror compounds of
class (11),

From the results described in the Tables II and III,
a few generalisationscan be drawn:

1. Aa unchanged value by the above modifications
indicated that the group is attached to oxygen.

2. A increase in the yleld of acetic acid by the
modification B shows that the group is attached to aitrogen
atom other than a ring aitrogen., The average increment
is ~ 0.5 mole/mole of N-acetyl group.

3« A decrease in the yleld of acetic acid by the
modification B shows that the group is attached to a ring
nitrogen atom. The average change is - «0,2 mole/mole of
Ne-acetyl group,

4. The groups attached to a riang nitrogen and to
a anitrogen atom linked to a saturated ring fail to yield
theoretical values by these modifications.

It is thus possible to dirferentiate between the
various types of acetyl groups and to determine the mumber



of the groups preseat of each kind by comparing the
Triacetyl

holarrhimine and Oyi-dlacetyl jervine serve as examples

results obtained under dirferent modifications.

for this purpose and the results obtained on them are

telulated in Table IV.

TABLE IV « ACETYL GROUP DETERMINATIONS ON TRIACETYL
HOLAUAHIMINE ASD O,N-DIACETYL JERVINE

moles of acetyl

Compouad

Found Actual
A B C
Triacetyl holarrhimine

Ode 1.86 2.42 2,67 8,00

Gu iy

CH—li—Ac
H
A¢

Oyli=Diacetyl Jervine

Ac 1.56 1.,40 1,88 2.00
Q 1460 1.48

AO




rdacetyl lolarrhimine:s This compound is expected to
vield more than one mole of acetic acid by the modification
A because it contains an Owacetyl group. As the compound
contains two Neacetyl groups, an increase of 1.0 mole

is expected when the modification B 1s used. Also, as one
of the N~acetyl groups is linked to a saturated ring, the
results obtained even by the modification C should be lower
than the theoretical value. The results in the Table IV
are in accordance with the expectations showiag that the
generalisations are borae out,

O,li-digcetyl jervine: As in the case of the earlier compound
this compound is also expected to give more than one mole
of acetic aeld by the modification A, due to the presence
of one O-acetyl group., A reduction ia the yield of acetic
acid by 0.2 mole by the modirication B is anticipated
due to the acetyl group attached to the ring aitrogen.
This situation would also compel the yields obtained by
the modification C to be lower than the theoretical value.
The results for this compound in Table IV agree with all
the expectations, contirming that the generalisations
hold good for a complex molecule also.

bl L 0

The procedures described above serve as useful
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methods for O-acetyl determination of dirficultly
soluble compounds as well as for certain classes of
N-acetyl derivatives. rFurthermore, by carrying out
the determination by two differeat procedures (A and B)
it 1is possible, sometimes, to obtain additional infor-
mation about the nature of acetyl groups present ia an
unimown molecule.
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SOME APPLICATIONS OF
SPECTROSCOPIC METHODS
OF ANALYSIS

PART I




CHAPTER I
SCISSORING FREQUENCY OF
METHYLENE GROUP FLANKING

A CARBONYL




SCISS0RING FIEQUENCY OF METHYLEBNE GROUP
FLANKING A CARBONYL

Ia 1961, Frmoinl reported that the detormation rr equency
of a methylene group adjacent to a carbonyl ocours around
1420 em™* 1,0, at frequencies coansiderably lower than those
normal (1465 % 20 em™l) for methylene without this neishbour-
ing group. This conclusion was coafirmed by studies of
various deuterated derivatives®, Jones and coworkers
examined a large number of steroids and found that this
is in general true for this series also. However, they
found that whereas the scissoring frequency of the methy-
leae group occurs in the range 1408 to 1418 em™  when
the carbonyl is located at S or 17 position, the effect
is less pronounced when the carbonyl group is preseat at
4y6,7y11 or 12 positions, the absorption in these cases
oceuring around 1434 om™*
methylene groups activated by an olefiniec linkage. :kn.mk:j
recently reported § cmz for several conjugated cyclohexenones
and found the value around 1412 em™ , The aeids containing
the grouping -cazcocm have also been found by Hadzi and

;;hommrd4 to give a strong band ia this regioaj however,

» close to the position of cyclic

complications due to absorption by carboxyliec ion ia the
same reglon (around 1420 cm™) can complicate the inter-

pretation,



The above conclusions have been utilized by
several authors in determining the presence or ahsence
of a methylene group flanking a carboayl function in
& molecule of unknown structure. Thus Barton and co-
workers®, arguing that the inteasity of this baad should
be proportional to the number of groups contributing

to it, could decide between the structural possibilities.

. T , g a '
o8 . CO. Cily o CH, o ?< e
Me Me Me Me

1 1I

A study of the intensity of the band at 1405 cm™t
in the spectrum of the nor-ketone III of phyllocladene
was helpful in deciding the position of the carbonyl
grcupe. This was done by compariang it with the iaten-
sity of the band at 1407 ea™® 1a the spectrum of 17-oxo-
androstan~3p~yl acetate IV which is known to have one
%-Cil, group, and with that of the band at 1410 em™ in
the spectrum of A-norchlorestanone V which has two such
groups. The intensity compared with the former one and
hence 1t was concluded that oaly one <-ca3 group is
present in the nor~ketone III, This could establish
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the position of the vianyledene group in phyllocladene~
precursor of the nor-ketoae.

Recently chetty and Sukh Dev’ utilized the inten-

sity measurement of the band at 1407 om™  to decide between
the two possible structures VI and VII for f#-cuparinone.

A comparison of its intensity with that of the 4-(:112 band
in the spectrum of «~cuparinone of known structure VIII
revealed the presence of two such groups.

oh o o

vl VI VIII
peCuparinone was theretore assigned the structure VI.

it can be seean from the few examples cited above
that the presence or absence of such a band in the IR spec-
trum of a molecule, and its intensity measurements can



provide valuable aid in structure determination.
llowever, a survey of literature shows that very little
inrormation is available tor compounds of types other
than those referred to above and, ia fact, practically
no systematic data on the intensity measurements of
this absorption have been reported. The work deseribed
in this Chapter has been carried out considering the
importance of this absorption as an gid in structure
determination. The emphasis has been on the determina~
tion of changes ian band position and intensity of this
absorption with structural variation (ring size and
substitution),



EXPERIMENTAL

MATERIALS: while most of the compounds of the required
purity for this study were readily available in this
laboratory, some of them were obtained Irom other soureces.

Carbon tetrachloride and chloroform used for
preparing the solutioas were of spectral purity.

LASTRUMENZATION: ALl measurements were carried out in

an air conditioned room at 25°C on a Perkin-Elmer 221
spectrophotometer equipped with sodium chloride prism or
sodium chloride grating ianterchange. Standard 937 slit
programme was used for recording the spectra. The call-
bration of the instrument was checked with standard
polystyrene before recording. Matched fixed path length
gcells (0.008 cm) were used to record the spectrum. In
order to determine the band area accurately, the frequency
scale was expanded four times so that 250 ean™ covered

20 cm.

PROCEMRES Compounds were genecrally studied in carbon
tetrachloride except when the solubility was unsatisfactory
and chloroform had to be used, the concentrations ranging
from 0.38 moles to 3.18 moles/litre. Care was taken to

see that the optical deansity varied approximately between



08 and 0.6. The intensity measurements were carried out
by the method of wilson and Wells as followed by iamsay®
and Jones M.g Thus, the measurements of band area were
carried out by determining band heights at approximate
frequeacy intervals of 5 am™' and the area was calculated
using the equation -~

B=_2 | log .T.°..) .
e " yy P

vhere
B = gppareat integrated absorption baand intensity
in mole™t litre om™
Concentration in moles/litre
1l = path length ia cm.
To = intensity of the transmitted radiation
T = intensity of the inecident radiation.

c

SLANDARLISATION: standardisation was carried out using

methyl ethyl ketone as the standard and measuriag the
iateasity of the carbonyl band in the region 1700 em™ for
dirferent concentrations varyiag from 0.04 moles to 0.28 moles.



TABLE I « CARBONYL BA4D (1719 em™ ) INTENSITIES

IN METHYL ETHYL KETONE

3 Intensity
vompound cone.
3 hole/litre
Mothyl ethyl 1.53 x 104 0.28
ketone a
Clig s CO4CH,, oCily 1.60 x 10 0420
1.63 x 104 0.14
1.60 x 10 0,09
1.88 x 104 0.08
1,68 x 1.04 0.058
1.71 x 10% 0.08
1.7 x 10% 0.17
1.68 x 10% 0.11
: <
Average/ 1.61 x 10
Reportedl 1,68 x 104
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A typical calculation is given below.
Compound 3 S-Methyl cyclohexanone
3olvent : Carbon tetrachloride
Conecentration 1,161l nol es.

Cell thickness : 0,008 cm

N, on ™t _;:_. 4 Log, o ;ﬂ a
1 6.24 1441 0,000 0.,000
2 8.96 1437 0.08l x 4 0.324
3 6.98 1433 0.234 x 4 0.936
4 7.00 1429 0,206 x 4 1.184
5 7.02 1426 0,275 x 4 1.100
6 7.04 1420 0,182 x &6 0.910
? 7.06 1416 0.0756 x 4 0,300
8 7.08 l412 0.027 x 4 0.,108
9 7.10 1408 0.000 0.000

- -

Total 4,862
X '2+308

/lose<To ydv = 11,19

1 1o
B= log ( d
(54} J e T A 7
1 x 11.19
i.].dl % 0.008

= 12.05 x 10°



Methyl deuteralcohol usel ia this preparation
was prepared according to the method or Hobden Mm.

About 10 mgm of sodium was added to 1.5 ml of
methyl deuteralcohol under anhydrous conditions. After
the reaction subsided, 0,380 g of tetrahydroeucarvone was
injected into it and the solution refluxed for 30 minutes.
After cooling the reaction mixture, it was acidified with
deuteroacetic acid and diluted with 20 ml water. The
deuterated compound was taken up in ether and the etherial
layer washed thrice with water and then with agueous solution
of potassium bicarbonate to remove the acid. After washing
thoroughly with water, the ether extract was dried over
anhydrous sodium sulphate and thea evaporated under geatle
suction to obtain the desired deuterated product.

The entire process was repeated for complete
deuteration and the deuterated compound purified by dis-
tillation under vacuum. b.p. 140° (bath temp.) at 170 mm
yield, 180 mgus,
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TABLE II « INTENSITIES OF THE METHYLEIE GHOUP FLANKING
CARBONXL

) CH,CO Intensity

Compound 0ond . Figure
B mole/litre
CHgeCOCH,, «CH, 16,97 x 10° 1.00 1(a)
16,05 x 10° 2.24
16.82 x 10° 1.78
o 5
Average 16.28 x 10
. 17.00 x 10° 3.18 1(b)
18.26 x 10° 1.70
17.98 x 10° 1.37
18.42 x 10° 1.10
Average 17.91 x 102
0 2.27 x 10° 1.06 1(e)
9.35 x 10° 0.80
9.26 x 10° 0.84
9,18 x 10° 1.25
Average .24 x 102
o 10.12 x 10° 0.85 1(4)
"—j 9.83 x 10° 0.58
ey 10.14 x 10° 1.58
Average 10,08 x 102

esssccontd.
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TABLE II (Coatd.)

Compound

JCH,C0 Intensity

Ce Figure
B mole/litre
21.80 x 10° 2,04 2(a)
21,44 x 10° 1.87
GO 22,89 x 10° 1.03
21.16 x 10° 1.58
22061 x 102 2.08
Average 21.88 x 102
7460 x 10° 1.36 a(b)
7.96 x 10° 1.04
@ 8409 x 10° 0.83
7.57 x 10° 1.58
Average 7.80 x 102
o 8426 x 10° 1,08 2(e)
( f 8. 61 x 10° 0.84
Average 8. 43 x 10°
8.38 x 10° 0.88 2(d)
o 7,88 x 10° 0.54
8.45 X IOP 0050
8.69 x 1& 1024
Average 8.32 x 102

esssscontd,
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TABLE II (Contd.)

) Cﬁaco Intensity

Compound eonec, Figure
B mole/litre
o 10.74 x 10° 0.61 s(a)
11,91 x 10° 1.29
12,99 x 10‘?' 1.66
11,91 x 10° 2.82
Average 11,89 x 10°
8.68 x 10° 1.62 3(b)
8.61 x 10° 1.34
9.14 x 10° 0.92
9.21 x 10° 0.84
Average 8,91 x 102
o 15.45 x 10° 0467 a(e)
15.58 x 10° 1.16
@ 16,72 x 107 0.84
16,61 x 10° 0.67
Average 15.80 x 102
5 17.51 x 10° 0.38 8(d)
18.46 x 102 0.51
17.79 x 10° 0.75
17.57 x 10° 0.89
Average 17,83 x 102

esssseontd.



* IN THE REGION 1550-1300 CM~
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TABLE II (Contd.)

Compound é‘%co Intensity cone. Figure
B mole/litre
17.18 x 10° 0.76 a(a)
17.46 x 10° 0.65
18.27 x 10° 1.09
17.56 x 10° 0.80
Average 17.@ x 10°
0 8.82 x 10° 1.28 4a(b)
9.23 x 10° 1.10
9.72 x 10° 0.92
9.85 x 10° 1.26
Average 928 x 1.02
o 8497 x 10° 1.12 4(e)
8.60 x 10° 0.88
8.‘5 4 103 0.66
Average 8.67 x 102
2 9,43 x 10° 2490 4(a)
) 10.04 x 10° 1.93
’ 10,27 x 10° 1.26
, 10,77 x 10° 1,05
Average 10.13 x 10°

eeseveolontd.
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TABLE II (Contd.)

J CH,C0 Inteasity

Compoui conc. rigure
| . B mole/litre
o)
6.86 x 10° 1.66 5(a)
7.62 x 10° 0.87
Average 7.24 x 10°
o
8.18 x 10° 1.13
AV.I‘.‘O 7.7 x 102
2 3
6.359 x 10 0.75 5(e)
8,661 x 10° 0.59
6.463 x 10° 0,48
"”‘8. G.494 x 103 L
2 3
D 5.476 x 10° 0.69
5.666 x 10° 0.52
Average 5.468 x 10° «

'Avu'm gnaCo by ditference would be 6,494 x 103

(") 5,468 x 103

< S
(10.0) 10,826 x 103 1,026 % 10
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\SULLS AND DAICU I

The absorptioas of various unsubstituted
cyclanones were investigated first and both the band
positions and the intensities determined to see the
effect of ring size. Table III summarizes these results,
where the intensities per methylene flaanking the carbonyl
are also reported with respect to methyl ethyl ketone as

ref'erence,

The compounds shown in Table IV were investigated
to determine the effect of alkyl substitution on the
position and intensity of o C,CO 1a various ring sizes.

A survey of these two Tables clearly shows that
there is a considerable spread in the band positioas
with variation in structure. Thus, for example, cyclo-
butanone and exaltone absordb at considerably lower fre-
quencies (1394 and 1398 em™), while tetrahydroeucarvone
shows this band at 1439 em™ , a position so close to the
aormal CH, deformation that it is observed only as a
shoulder., The fact that this band indeed is due to the
scissoring frequency of the methylene flaanking the carbo-
nyl, was coafirmed by deuteration experiments, and as can
be seen, this absorption is absent in 2,6,6-trimethyl
cyelohoptmne-z,'?,?-ag « Another point which emerges
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TABLE III - INTENSITIES OF &G,CO LN UNSUBSTITUTED
CYCLANONES PR UNIT METHYLENE GROUP

3 . ) Gii,C0
é max B/CHy Relative B
CHge 0O CH,CHg 1408 16.28 x 10° 1
(reference)
//O
1594 8.95 x 10° 0.56

o
g 1405 10.85 x 102 0.67

o

(j 1420 5.95 x 10° 0.37
o

O 1405 5,07 x 10° 0481
o

O 1412 4.62 x 10° 0.28

(%
| l 1398 5.02 x 10° 0,31
o
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FIG.7  INTENSITIES OF & GHCO  IN UNSUBSLITUT D CYCLASOSES.
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TABLE IV - PREQUENCIES AND INTENSITIES OF & CH,CO
I CYCLANOAES -

Compound e L S—Giaco _ L
§ max WCHZ Relative B
QO 1405 10.85 x 10°  0.67
Qo 1411 7.80 x 10°  0.48
( zo 1400 8.43 x 10°  0.52
(@
@ 1411 8.32 x 10°  0.51
(ﬁj 1420 5.95 x 10°  0.37
é/ 1432 8.91 x 10° 0,55
é\ 1430 7.90 x 10°  0.49
1424 8.91 x 10°  0.55
1485 and 8.80 x 10°  0.54
1425

Contdeeesee
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TABLE IV (Contd.)

Compound J;CI_B_CO
6 max B/ CHy Relative B
o L»
@4 1431 9.28 x 10° 0457
(o]
YQ/ 1453 8.67 x 10° 0.53
d 1405 5.07 x 10° 0.81
0
Q 1409 7.24 x 10° 0.44
O
Q 1406 3.86 x 10° 0.24
[0)
)O/ 1430 )
10.26 x 10° 0.95

o




with some clarity is that the ring size has a definite
effect on the position of this band. For example, it

can be stated that in general, in cyclopentanones and
ayeloheptanones this band occurs at around 1405-1410 em™,
while in cyclohexanones at 1420-1480 em™>, Furthermore,
alkylation at the « position appears to raise the frequency
relative to that of the unsubstituted compound by ~/ 5 em™r,
These conclusions are clearly seea in Fig.s8.

As can be seen there does not appear to be any
correlation in the changes in the intensity of this bdband
with variations in the structure. Thus, ror example, while
the iantensity of this band in 2-methyl cyclopeatanone goes
down with regpect to that in cyclopeatanone, the intensity
of the same band in 2e-methyl cyclohexanone goes up with
respect to that in cyclohexanone. However, all substituted
gyclopentanones and cyclohexanones appear to have a similar
relative intensity i.e.~ 0.5, The intensity variations in
the cycloheptancne series appears to be gquite random. The
inteasity bf SCIL,CO in tetrahydroeicarvone, where this
band overlaps the normal OCH,, was obtained by deter-
mining the difference between the total integrated intea~-
3itics far the entlre band envelope (Fig.Sc and 64) before
and after deuteration.
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From the work described here it becomes clear that
variation in structure can have a pronounced eifect on the
position and intensity of this absorption, and when using
the seissoring frequency of the qgeco for structural assign-
ments, one must choose reference compounds as similar to
that under study as possible aand even then the results
should be interpreted with cantion. The case of 2-methyl,
S5-1gopropyl cycloheptanone and 2,6,6-trimethyl cycloheptanone
(tetrahydroeucarvone) may be specially cited.



APP BIDIX

SCISS0RING FAEQUENCY OF METHYLEIE GROUP
FLANKING A CARDBONYL GrOUP

Until a few years ago the band intensities of
the iafra red absorption bands were of minor interest
compared to the position of the band. It has been realised
only receatly that, in so far as the structural diagnosis
is concerned, the intensity of a band also has a signiricant
value and that its measurement would be one of the sophis-
ticated means to supplement the ianformation available Ifrom
the position of the band. llowever, owing to the inherent
shorteomingsin both, the instrument aand the method, most
of the data collected in the past does not seem to be much
useful. Of late, the improvemeants in the techaiques, spectro-
meters with better resolving powers, corrections ror the
talse scattered radiation and such other factors, have made
it possible to determine the intensity parameters more
accurately. The data obtained as a result of the measure-
ments can be used for (a) quantitative analysis of mixtures
(b) a rather more refined structural diagnosis and (e¢) cal-
culations of polar properties of bonds and thereby to a
petter understanding or the chemical reactivityl,



Hethods for measuring the iatensity
In the past, the apparent extinection coefficient

.t.h-n«puk,qu..lﬁ. lng e ) _ ., where
v

C = concentration in gm/litre

1 = path length in oms
To = intensity of the transmitted radiation
T = intensity of the inecident radiation

v = frequeacy

has been used as a measure of its intensity. The factors
like the fiaite slit width, slight variations in the spectral
resolving power and similar factors concerning the instru-
ment were responsible for the errors ia the method and con-
sequently for the dirriculties ia transfering data from one
lavoratory for use in another.

The peak height and the band width are dependant upon
the slit widths, more so when the latter is comparable ia
gize with the band width; they depeand to a certain extent
on the opties of the instrument also. Whea the slit widths
vecome small compared with the half band width 4,, , EL
becomes a much more reproducible and signiricant quantity,
and in certain circumstances is a satistactory measure of
inteasity. It 1s therefore evideat that a better resolving
power would be helpful and receantly the high resolution
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double~bean grating spectrophotometers have been used

with advantage for a more accurate measurement of the
band intensity.

whea the solutioas obey the well knowa Beer’s law,
the true integrated absorption ilateasity (A) of a band is
defined as

A= fa, 4, = ai__/loc. <P)yd”'
where C = concentration, 1 = path length and I and Io
are the intensities of the incident and transmitted mono-
chromatie radiation of frequency ) , and the integral belng
measured over the limits of the absorption band.

in practice, due to the use of fianite slit width,
the radiation is not monochromatic and the gquantity measured
is the gpparent iategrated absorption iantensity (B) which is
given by the equation,

1 / To
B= log d
ax e v
where T and To are the inteasities of the incident aand

the transmitted radiation which is not assumed to be mono-
chromatice

The area under a band should be independent of
resolving M. It has been shown experimentally by
famsay® that even when the spectral slit widths are of the



same order as the widths of the absorption bands,

the dirference ia the integrated intensities is oaly

~ 2=8%, the dirrereace in the pealk height due to the
finite slit width belng roughly compensated by an increase
in the band width. Ilowever, the true and the apparent
molecular extinction coefficients difrer by 20%.

wilson and wollim. and Bourgm‘“ have shown
that errors associated with the use of moamonochromatic
radiation gould be eliminated by using extrapolation
techaiques. These involve extrapolation of the apparent
band areas to zero coacentration or path length, the band
areas being measured by graphical integration tor various
eonceatratioas. Both these methods assume that the incident
intensity is constant over the slit-width and the resolving
power is coastant across the band width. As the applicatioa
of these methods is quite tedious, attempts were made to
develop simple approximation methods to measure band inten-
sities. These methods demand a knowledge of the band
shape and involve an assumption that the band profile can
be approximated by a mathematical function that can be
integrated over the desired frequency range. The approxi-
mat ion by ihlu]‘. which assumes the shape of the band as
a Lorentz function, takes into consideration the correction
necessary for the band wings. Further, in aa attempt to
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find out a suitable approximation to determine the band
area, he has correlated the gpparent peak height

log .G‘.’. |, WaX Vith the ratio of the slit width, S ,
to the appareat half band width A‘:./L and arrived at
the ratios of

o To
108 o(22.) max log ( max
i.e. true peak height/apparent peak height and the ratios or

a t
AV'/;/ AV’&

i.e, appareat half band width/true halt band width, for
a set of values of

a To
S /A",é and log o Ty nax
Thus the correction negessary to transtorm the

apparent peak helght aad band width iato the true para~
meters could be known from the tabulated correlation data.

Recently the approximation of iamsay has been modi-~
fied by Cabana and Sandorfy’® and both these methods are
widely employed for the measurements of intensity. However,
Jones gt_al.” in their eritical evaluation of various
methods have shown that lategrated band area measurements
are more satistactory ror both, quantitative determinations
of the groups and for the structural diagnosis as well.
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‘he relative signiricance of extinction coefricients
and integrated intensities for quantitative work was
considered by :iussell and Thompson®, who have drawn
some conclusions regarding the difficulties in the pro-
cedures worked out by Ramsay for determining the 'true'
band iatensities.

t the .
Rose'” deterstned K. . of methyl, methylene and
methine groups of straight and branched chain paraffias,
and naphthenic and aromatic hydrocarbons and established
a relation between K and the mumber of a particular
kind of group preseat. With some exceptions, he could
determine the mumber of such groups ia unknown compounds.
Fox and wtmm carried out measurements on hydrocarbons
near 34 and were able to differeatiate between ;c-u ’
i, _Cily, =CH,, =Cilze These group types could be
characterised by their frequencies and the i = could
again be correlated with the conceatration of a particular
type of a group, They found that certain structural
features e.g. proximity to a double bond and end methyl
groups in long chain hydroearbons affected K = and
accurate estimation in such cases was not possible. They



concluded that band area measurements would be more
satistactory for the purpose aand used the expression
C.a,, . B to calalate the areas, C having a value
close to 1,4, Rose assumed that for an absorption band

of a partieular group, <4,/ the half band width and the
frequency of absorption remained unchaaged in different
molecules. The inadequacy of these assumptions was revealed
by Fox and Martia. Cross and Rolfe'® determined K} _ for
the carbonyl group absorption ia esters, alkyl and aryl
ketoaes, and saturated, unsaturated and aromatic aldehydes.
They found that different classes of compou:.ds can be, to
some extent, characterised by F:.z. which are roughly coae-
stant within a class, tut vary from one class to another,
although some irregularities were observed. Using the

band area determination method of Wilson and Wells, Franoisl’ao
determined the intensities for each of the groups, methyl,
methylene and methine in hydrocarbons and esters at their
key frequencies to test the egquation

;v -Ncﬂa. a, *+ Nma. b, + nca.c,,
The agreemeat was fair but not quite satisfactory because
the position of a particular group ian the molecule arfects

the value of A, . It was found that the intensitles are
influenced by the neighbouring carbonyl groups or oxygen atoms.



The carbonyl group absorption banis have been
studied in much more details than any other band. The
observations of Cross aad #olfe have been confirmed by
Hampton and Hevcual for the carbonyl group in esters.
Using the Gaussian funetion to represeat the envelope
of the band, the band areas obtained were found in the
order of polarity of the carboayl group by Richards and
Burton®s, The carbonyl stretching mode in esters was
found to be twice as big as that ia the ketones™, The
effect of aromatic riag substituents on the frequency
and intensity of the carbonyl group in compounds of the
type Cglig.CO.R vas examined by Thompson gt ad.”® The
shifts of freguency could be correlated with the Hammett
factor o° of the substitueat group but the iatensityof
the carbonyl band was almost unaffected. The lategrated
absorption iatensity ia compounds of the type R 0000285
has been studied by thtjuhra‘. who has discussed the
intensity variations with substituents in relatloa to
the inductive and mesomeric effects. Bellanato and
Barcelo®® showed that the intensity values of the carbonyl
baad in various halogenated acetic acid derivatives were
related to their chemical reactivities. An important
contribution ia this field is due to Barrow’® who related
the intensity of the carbonyl band with the bond polar



properties. lie further found a rough proportionality
between |/A (intensity) and the resonance energy of

the carbonyl group, which is a measure of the lonic struce-
tures participating in the actual hybrid. It is worth
noting that 20 such correlation exists between the reso-
nance energy aad the characteristic group frequeacy.

Jones gt al.? have studied ketosteroids and found that

the inteasity of the carboayl band 1s controlled by the
position of the group on the nucleus or according as there
is unsaturation in the riag or presence of halogea atom.
They found that when more than one carboayl group was
preseat, the iatensities were almost additive. Jones gt al.”’
have studied the band near 1200 em™  ia Seacetoxy steroids.
it has been found that only a single band appears when the
hydrogea atom in the position 6 is trans to the 3-substi-
tueat, and the band is split when it is cis; studies on
intensities and their variations with temperatures suggest

the presence of rotational isomers.

Similar studies have been made on the intensities
of the bands of other groups like m”'“, Glag, CNw and
some more functional p.'onp.m'. Flett®® has determiaed
the intensities of C N stretchiang bands ia aitriles,
the C=0 stretching bands in esters, ketones, amides, acids



and salts, the N=0 stretching baads in nitro compounds

and the 8=0 stretching bands in sulphones, sulphonamides
and sulphonic acids. It has beea concluded as a result of
extensive work that reasonably constant intensity factors
could De assigned to several of the above characteristic
bands to enable the determination of rough estimates of the
concentrations of the respective groups in unknown compounds,
provided the total area under the band, rather than the
peak extinction coefiicient is used as the measure of
intensity. rnnoh" has studied the effect of the presence
of an adjacent carboayl group oa the inteasities ot C-i
bands in the methyl and methyleane groups., It has been
observed that the intensity or the 0+H and N+ bands is
increased but that of CeH band of the methyl and methylene
groups in the stretching region is reduced. 0Oa the other
hand, the deformation baad intensity of the methyl and
methylene groups is eahanced®,

Jones and his coworkers have examined the absorption
of the methyl and methylene groups in certain steroids and
diethyl ketone by selectively deuterating the methyl and
methylene groups®'®%188, 1t vag proved that in dietnyl
ketone the methylene groups adjacent to the carbonyl absord
at 1414 and 1855 em™ . Further, it was observed that the



methylene bending band adjacent to a carbonyl group
1s commonly observed at 1430 - 1410 em™>, being displaced
)

dowa from 1465 em © where it occours in saturated hydroe

carbons. P*rmou" had concluded from his intensity measure-
ments that the methylene group « to carbonyl absorbs also
between 1356 and 1570 em™® and the ideatification of the
1355 en™* with the methylene group by Jones and his co-
workers confirms the coaclusion of francis.

A8 already indicated earlier it is necessary
to know the spectral slit width of the instrument at the
particular band frequency to measure the iatensity or the
band more accurately, This 1s given by the equation®

P 2]k F .2 A
s= 28 1oy o fug e [@3 0 |

= Frequency of radiation in o™t

= [jo. of grating passes.

= Opder of spectrum,

Foecal length ot the spectrophotometer

= Grating spacing

= Limiting aperture of the lpoctroghotonotcr

(Mechanical maximum slit width at the
particular frequency).

W; = Mechanical slit width assuming both to be equal.

= virtual mechanical slit width from the
aberration,

= e W p =N
L]
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The slit widths were calculated for the reglons
1700 ca™* and 1420 cn™t, and from the table given by
damsays it was found that the effect of these small
spectral slit widths would be negligible on intensity
measurements as they were less than 1/5th of the half
band width,
Jpectral slit wideh

at 1700 cn™* (Grating mode)

224 [ 2l PV G
S = ' 1-(#2 )}d)] w3 *[(E-;—> + HAE

= le2 Oﬂ.l

at 1420 en™ (Prism mode)
I TR
Jg[l"“s"“(“‘/“gl AR (] * . + 3
4N sin(«/2)(dn/d ) ¥ 20 p y (dn/d) *

vhere n = refractive index of the prism
« = Apical angle of prism
N = Ho. of passes
W = mechanical slit width
F(33)= 1
p = prism base in cms
3,= Aberration contribution assumed to be zero.
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CHAPTER I
IDENTHFICATION OF
METHYLNAPHTHALENES
BY NMR
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ADENTIFICATION Or METHYL NAPHTHALLNES
BY MR

dethyl naphthalenes, have often been obtained
as products of dehydrogenation of a variety of terpeaoids.
The proper ideantification of these compounds leads to
valuable information for the structure of the original
material., Uafortunately, however, the yields are
usually low and oftea mixtures of naphthalenes result.
These compounds are separated by various chromatozraphic
procedures and very oftea characterised oaly by the
preparation of suitable molecular complexes, usually
the picrates or the TNB (trinitrobenzene) derivatives.

The problem oftea faced by the woriker in this
field is the proper ideatirication of these derivatives,
as the melting points of many of these compounds are
very cloul and mixed melting points, sometimes, do
not lead to a depression., It was thought worthwhile
to find out a procedure which would aid in their iden-
tification and suggest possible structures for a aew

compound.

Recently® a HMR procedure for the identification
of methyl naphthalenes has been reported from these
laboratories. A few simple rules have been suggested
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which help in the identification of a methyl naphthalene.
These rules, which depend oa the fact that the position
ot the methyl signal is governed ot only by its position
(« and #8) on the nucleus but alsgo by the dispositioan of

the neighbouring alkyl groups. These rules are summarised
in I and 1I.

It was thought worthwhile to see how the PMu
spectrum ofa methyl naphthalene - THB complex 1s related
to that of the methyl naphthalene, so that, if little
change or a predictable shift occurs, the PMR spectrum
of the complex could, by itself, serve as an aid to
the ideantirication of the methyl naphthalene with the
help of the rules worked out for the methyl naphthalenes.
Juch a procedure would avold the necessity of regenerating
the methyl naphthalene from its complex. Furthermore,
the 3H signal due to the three aromatic protons of the
TNB molety, which is expected to be well separated rrom
the aromatic protons of the naphthalene, will act as an
internal measure for the methyl signals. The present



Chapter describes the work carried out in this direction.

3P ECT HAPHTIL E TuB C \

In order to tind out a suitable solveant tor the
TidB adducts, the solubility of T.dB and the TiB complex
of 1,2,5~-trimethyl naphthalene was studied and it was
concluded that of CCI‘ and 032, the latter is preferable.
i{ence csa was used as the solvent for all the spectra
rua during this work. Most of the THB complexes had a
solubility of 1+2% in C3, and this surriced for the

measuremnent s,

A8 expected TiB shows one sharp singlet at 556 o/s.
The PMR spectra of THB complexes of compounds 1 to VII
wvere taken (Fig.l to 7) and as can be seen a mere inspec~
tion of the spectrum sufiices to show the number of methyl
groups or any other type of alkyl group present, the TiB
protons sigaal serving as an ianteranal measure for deter-
mining the population of the protons. Table I shows a
comparison of the signal positions as they occur ia the
spectra of the TiB complex and that of tfree methyl naph~-
thalene. As can be seen the position of the methyl
signals uadergoes little change when measured for the
complex. Thus, the empirical rules elaborated® for
determining the structure of methyl naphthalenes caan be



directly applied to the data obtained on the TiB
complexes, lHowever, it may be noted that, whercas
some of the methyl signals have moved uptfield to the
extent of 2-4 o/s, the T4B signal undergoes a non-
waliform shirt,

”'f"\,



EXPERIMENTAL

LHSTRUMENTATION: All the spectra discussed in this
Chapter were recorded on a Varilan
A~G0 High Resolutilon iMi speotrometer
with tetramethylsilane as the internal
reference, The values are reported in
cycles/sec. from tetramethylsilane

as zero.

MATIRIALS All the compounds iavestigated were
available as TNB complexes of autheatic
purity and were used as such.

Carbon disulphide, reageat grade
of E.Merck was used for preparing the

solutions.
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TABLE 1 - PMR SIGNAL POSITIONS OF MEIHXL PRJUIONS
W‘:"gg METHYL HAPHTHALENES AND THEIR THB
A

Positionsof signals ia o/s

Compound :g‘:"’ Free methyl THB complex
naphthalene
Methyl lso~ Hethyl Iso~ TiB
propyl propyl
leMethyl I 159 - 159 - 560
naphthal ene
2-Methyl 11 149 - 147 » 558
naphthalene
1,6«Dimethyl 111 - 148 - 555
* naphthalene 1% 156’
1,2,5«Trimethyl v 144 - 144 - 546
" aaphthalene 150, 149,
156 153
1,3.6-'Irllothyl v 1“. - lw. - 550
naphthalene 147, 148,
154 150
1,6-Dimethyl 4- Vi 181, 77, 147, 75, 564
1h|:£ropy1 naphe 155 856 1561 81
thalene
(cadalene)
l-Methyl 7-iso- Vil 156 76 550
propyl naphtha~ L5 77 88’
lene (Fudalene) 84
Trmtro' an - e - - 5&
benzene

eh go ‘ew gt

v Vi Vil NO2 VIII
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CHARACTERIZATION OF THE N-METHYL
GROUP 1IN ORGANIC COMPOUND3 BY uMR

egl ~i -

The microdetermination of methylimino groups
in organic compounds is usually carried out by Pregl
mathodl which is based on the prineiple of the macro-
method of Herzig and Hoycrz. The sample on treatment
with hydriodiec acid forms a quateraary allkyl ammonium
iodide which decomposes when subjected to pyrolysis
at 350-360°C, splitting off the allyl iodide. The success
of the method depends on the guantitative rormation of
the quaternary compound and splitting off of the alkyl
iodide. Various modifications of the original method
of Pregl have been ducr:.hoda'w.

Lov values in the estimation have been attributed
to the reaction of the alkyl iodide with sodium thio~
sulphate solution used in the scrubber to trap the vapours
of hydriodic acid’t"1%, It has been shown that methyl
lodide dissolves’l aad reacts appreciably with sodium thio-
sulphate and ethyl iodide does o to a lesser exteat' =,

The reaction of isopropyl lodide with sodium thiosulphate
is negligible to be considered for its interfereace in the
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ostmtmla. jJeveral changes suggested to prevent

the absorption of methyl iodide by sodium thiosulphate
include its substitution by 10f sodium antimonyl tartarate,
87 hydroxylamine hydrochloride, 57 ascorbic acid and 5%
hydrazine solution. 3Sodium thiosulphate dissolved in
sodium chloride solution and the use of a mixture of 5%
sodium thiosulphate and 5% cadmium sulphate in equal pro-
portions have been recommended by White'l, Thermal
decomposition of the alkyl lodide has been regarded as
another source of error by iranzea M."'ls. Compounds
having poor solubility could be analysed successiully by
Kahn and Rothm using larger proportions of the solveats.
However, Huun invariably obtained low results with

many alkaloids which he analysed by the Pregl-method.

The variation in the ease with which the aligyl~
imino group can be split off, depends largely on the
class to which the compound belongs and the nature or the
substituents on the adjacent atoms. This has been beauti-
rully illustrated by Brancone™> by comparing the results
obtained on the isomers, theobromine and theophylline;
whereas the former yielded 81 of the theoretical value,
the latter failed to yield aaythiag more than 57¢ of the
theoretical value.
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g ity
HN m \I/SL
o/)\,F N A ;L n\ﬂn
Theobromine Theophylline

lnstances have been reported where the Nealkyl
group determination gave a positive value inspite of the

fact that the group was absent in the compound under t.ntm.

Application of PMA to N-methyl estimation

In recent years nuclear magnetic resonance spectro-
scopy has been used for the detection and estimation of
Nemethyl grouplm 21, the absorption regioa for the
N-methyl group in the HHR spectroscopy is not quite
speciric tor this particular group. Other functional
groups like N-COCHgy 0~COCH, and C~COCHy sometimes absorb
in the same rogtonao’al. and the identirication of the
Hemethyl signal thus becomes dirrkeult.

Recently, Ma and Warnhof£2* considering the above
dirriculties have described aniMR method tor the detectlon,
estimation and characterization of an N-methyl uoup.'

‘rnu work appeared when our work was in progress.
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The method 1s based on the dowafleld shift of j[i=methyl
signal in solvents of increasing acidity. The solvents
used for recording the spectra are deuterochloroforam,
perdeutercacetic acid and tritrluorcacetic acid. The
dowafield shift of the H-methyl resonance is of the order
of 0.8 to 1.3 peopeias and 1s dependent on the type of the
amine., Most Nemethyl groups on neutral nitrogen show
little change, For the majority of aliphatic amines in
trirlucroacetic acid the NH exchange rate is slow enough
at 38° to permit observation of coupling of H(N) with the
Ne-methyl protons, and thus determination of whether the
amine is secondary or tertiary. In some cases intormation
can be obtained about methylene and methine groups attached
to basic aitrogen.

PRESENT WORK:

The work described in this Chapter was uandertaken
with very similar objectives, though the stress, in our
work, has been essentially on observing the multiplicity
of the Nemethyl signal, resulting from protonation. This,

besides ditfferentiating Nemethyl signals from other methyl
| groups occuring in the same part of the spectrum, is expected
to reveal the nature of the demethyl trunetion, whether it
is secoadary or tertiary, from the multiplicity of the
signal, as in strongly acldic solutions the NH exchange
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rate is expected to be slow. Furthermore, it was anti~
elpated that in going from weaker to stronger protonating
eavironments, it should be possible to have some conclusion
drawn about the eaviromments of the N-methyl funetion, as
the basicity of nitrogen is severely dependent on various
stereoelectronie factors2S,

It has beea showa by Grunwald et al.? that in
methylammonium ion the proton exchange rate between the
protoas of the ion and water from the solvent medium is
appreciably high at high pH (8,56) resulting ia lack of
coupling of the ammonium protons with the methyl protons.
A decrease in the pH (4.01) reduces the exchange rate as
indicated by troadening of the methyl group signal, which
8plits clearly into a quartet at a lower pH (0496, whea
the protoa exchange is suppressed efrectively,

P 0,98

Fig.l
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It was therefore argued that Yemethyl signal,
in MR spectra of compounds of differeat basicity, would
exhibit such changes in media of varying aecldity, as
would help in yielding information regarding its ideati~
fication and characterization.



feagents:

Yaterials:

1 ,l.d

EXPERIMENT AL

Carbon tetrachloride, deuterochloroform
and pyridine were distilled and used as
solvents after ascertainiag their purity.
lydrochloric acid A.R. (8pe gr. 1.18) of
Basynth make was used to prepare 1.18i,
1,788 and 3,000 solutions. Perchloric
acid AR, 70¢ of Riedel-Je liaen make was
used as such and also diluted to 427.

All the compounds used in this worit were

of the required standard of purity and were
readily avallable in this laboratory, with
the exception of Wemethyl pyrrolidine, which
was prepared by the method reported in the

ntoutnroas .

instrumentations aAll spectra were recorded immediately

atter preparing the solutions (~0.33 molar),
on a Varian A«G0 high resolution NMR spectro-~
meter with tetramethylsilane as an external
refereace. The values are reported in
oycles/sec. from tetramethylsilane as zero.

In the spectra of the agueous solutioas,
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the water protons signal was recorded

at an amplitude much lower than that ror

the other signals. The Ne-methyl signal

data obtained on different types of compounds

is showa in Table I, (P.l4l).
L43CUS3I00
1, Aliphatic and aligyelic amines: “he spectra of some
aliphatic and alicyclic amines are givea in Fig.l-4. In
the case of dimethylamine in water (Fig.la), the iH proton
is undergoing a rapid exchange with water protoxuaz
hence is incapable of splitting the Jemethyl signal, which
appears as a singlet at 147 ¢/s. In acid medium (Fig.lb),
the exchange of NH protoa with water protons is efrectively
suppressed and the secondary He-methyl signal splits iato
a triplet centred at 179 ¢/s.

and

The aqueous solution of trimethylamine (Fig.2a)
exhibits a singlet at 156 o/s which changes into a doublet
(r1g.2b) centered at 189 o/s, in aqueous hydrochloric acid.

Nemethyl pyrrolidine behaves likewise; its signal
appearing at 188 o/s (Fig.8a) in CClg, is seen as a doublet
centred at 187 o/s (F1g.3b) 1a 1,18M hydrochloric acid
medium,.
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The spectra of Nyi=dimethyl benszylamine are shown
in Fig.4. Protonation of this compound brings about
aplittink of the signals of demethyl as well as Nemethy~
lene. The Nemethyl signal appears at 134 ¢/s and the
Hemethylene signal appears at 205 o/s in CCl,4 solution
(Fig.4a); these signals split into doublets centred at
186 o/s and 278 o/s respectively in 1,18H hydrochlorie
acld medium (Fig.4b), The shitrt of the methylene signal
is larger than that observed tor the methyl signal. The
position of the aromatic signal is also shitted trom
434 o/s in CCl, to 466 o/s in the acid medium. The sharp
aromatic singlet 1s a result of free rotation of the
benzene ring along the single bond,

The coupling constant J, in all the above cases
and the compounds discussed hercafter is ~~ 5.5 o/s.

2. Aromatic amines: rig.5 shows the spectra or Nemethyl
anlline. Rapid intermolecular exchange of the Nl protons
may account for the unsplit signal of the N-methyl group
in C014 solution, which appears in the spectrum (rig.5a)
at 162 o/s. The broad signal at 201 ¢/s is assignable

to the N proton and the aromaticprotoas give rise to a
multiplet ia the reglon 377-440 ¢/s. The spectrum (rig.5b)
of the same compound in 1,18N hydroshloric acid shows

the H-methyl signal shitted dowafield to 204 o/s, as has
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been observed in the case of the aliphatic and

alicyclic amines, but remains unsplit. 7This diflereace
i3 ascribed to the low basicity of the aromatic amine.

By using a stroager acid (70% perchloric acid), a triplet
centered at 206 o/s appears in the spectrum (Fig.S5c)

as expected, the intermolecular exchange of Wil protons
being eilectively suppressed uader these conditioas.

The aromatic protons signal is shifted slightly upfield

( ~8 o/s) as compared to its positioa in the spectrum
in hydroechloric acid (Fig.5bh).

1g.6 depicts similar behaviour of N,N-dimethyl
aniline. The (N-iuthyl signal appearing at 174 ¢/s in
cC1, solution/ ec) suffers a downfield shirt of 37 o/s
in agueous hydrochloric acid (Fig.6b), the signal re-
maining unsplit. In 70§ perchloric acid (Fig.6e) the
Nemethyl doublet appears ceatered at 209 o/s. The aro-
matic singlet (HCl medium, Fig.6b) is seen shitted
uptield by ~ 7 ¢/s in ¢ perchloric acid. Ia 42% per-
chloric acld {F4g.8d; only broadening of the llemethyl
signal ocaours.
8, Cyclic imides: ¥ig.?7 and 8 show the spectra of

Nemethyl pyrrolidone and theophylline respectively. Ualike
the aromatic amines discussed earlier, these compounds do
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a0t get protonated even with 7% perchloric acid,

which was anticipated. lowever, the il-methyl signal
shirts downtleld in the acld media. The shirt incre-
ments of the H-methyl signals of theophylline are small
compared to those or Nemethyl pyrrolidone.

4, Acyelic anides:

Hyd-0imethyl geetemide; Protonation of amides ia
stroag acid medium has been shown to occur at oxygen

and not at :utrogonz". The spectra of H,Nedimethyl
acetamide are shown in Fig.9, As the _4 — 8 bvond

has some double bond character, in its spectrum in Cll,
(rig.9a) two signals, one at 183.5 ¢/s and the other at
174 o/s, appear due to the nonequivalence of the Nemethyl
groups. The signal at 121 ¢/s is obviously due to the
protons of the methyl group attached to the carboqyl?“.

The gpectrum of the game compound in hydrochloric
acld (Fig.9b) shows oaly two signals at 197 ¢/s and 145 o/s
having an iategration ratio 2:1. The signal at 197 </s
assignable to the Nemethyl groups indicates eguivalence
of the Ne-methyl groups. The structures of the 0~ and i=-
protonated specles I and II respectively are given below,
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The N-methyl groups in I A, being aonequivaleat, should
give rise to two different signals and the equivalent
li-nethyl groups in II should appear as a doublet having

a coupling constant J ~ 8,5 ¢/s. lowever, the C~N bond

in I B has no double boad character and the equivaleat
li-methyl groups would therefore appear as a singlet. The
signal at 197 ¢/s in the spectrum (Fig.9b) therefore indi-
cates that in the O-protonated amide the weightage is
essentially due to the canonical torm B, The methyl attached
to carboayl 1s also shifted downfield to 145 ¢/s but its
shift incremeat (24 o/s) 1s more than that for the Hemethyl
(18 o/s).

The spectrum of the amide in 7Y perchloric acid
(Fig.9c) shows two closely spaced signals at 208 c¢/s and
211 o/s tor the He-methyl groups and a singlet at 16l o/s
assignable to the methyl attached to carboayl, As both the



Nemethyl signals appear in less than 5.5 ¢/s width,

the possibility of II is ruled out. The Nemethyl
signals are theretore due to dirrerent chemical shifts
of two nonequivaleant Nemethyl groups and it is thus cone
cluded that ia the O-protonated amide, ia this case,

the weightage i3 esseatially due to the canonical form
I A. As can be seen, the downfield shift incremeant ror
the methyl attached to carbonyl is again more (16 o/s)
than that for the Wemethyl groups (12 o/8).

Asym. MNyi-dimethyl ures
The spectra ia rig.l0 show the behaviour of

asym. N,i-dimethyl urea. The singlet appearing at 178 o/s
in its pyridine solution (Fig.l0a) moves downfield and
appears at 132 ¢/s on protonation with hydrochloric acid
(10b). Considering the structures III gnd IV for the
protonated amide,

oi CLE
f/cua _-CH @) CH,,
Nig- c—- “—> ——&—u HR - —i,
g CHg u\caa
A B
(- — J
11X v

it is concluded on the arguments put forth ror N,N-dimethyl
acetamide, that under these conditions, weightage of the
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canonical structure IIl1 B predominates. lowever,
the amiie on protonation with ¥ perchloric acid
(Fig.10¢) displays an iacreased coatributioan of the
canonical structure III A which is obvious from the
slightly split broadened signal at 198 o/s.

HyN-Dimethyl formamide: 7The spectra of N,i-dimethyl
formamide are given in Fig.ll, The first one (Fig.lla)

is in CCl,, in wnieh two separate signals at 173 o/s

and 180.5 ¢/s are assignable to the two noneguivalent
l-methyl groups and the signal at 476 o/s is due to

the aldehyale proton®, On protonation in hydrochloric
acld (Fig.lld, lle-sad 1ld) with increasing concentration
of the acid, one observes five signals (total area = 6 pro-
toas) of changing intensities. when the medium is changed
to 720% perchloric acid (Fig.lle), again two signals are
observed at very low field strength (208 o/s and 216 ¢/s).
The multiplicity of the signals in aqueous hydrochloric
acid solutions could possibly be attributed to the diffe-
rent populations of protonated coanformers. In perchloric
acid solution the appearance of two signals at very low
rield strength may be ascribed to the existence of N,i~
dimethyl formamide, essentially as the protonated species V

o
H—C= l\
Ciig
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Wﬂ
the « pogition.

Under this heading we have collected, for
discussion purposes, a number of weak alkaloidal methyl-

amines, the low basicity of which arise due to steric
{anibition of solvation of the conjugate ac1a35-87,

Marcotine: FKig.l2 shows the spectra of narcotine
recorded in CICl, (Fig.l2a), hydrochloric acid (Fig.l2b,
12¢ and 12d) and 427 perchloric acid (Fig.l3e). The
Nemethyl signal appearing at 156 ¢/s in the spectrum
(F1g.12a) becomes broad in 1,184 HC1l and appears at

197 o/s (signal half width 6 mm Fig.l2b); it becomes
more broad in 1,738 HCl where it appears at 194 o/s
(signal half width 8 mm Fig.l2¢). However, it shows

a tendency to become sharp with a further increase in
the acidity of the medium, Thus, in 3,00 W HCL, the
signal becomes sharp and appears at 192 ¢/s (signal hall
width 6 mm Fig.l2d).

It is thus obvious that protonation has not been
place, possibly due to the presence of a bulky group
located in the position « to the Nemethyl group.

In view of the faet that the narcotine molecule
does not have any exchangeable protons, the broadening
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of the Nemethyl signal and its teadency to revert
to its normal shape can oaly be explained oa the basis of

1) spin coupling of the methyl protons with
the nitrogen mucleus

2) quadrupole broadening of the Ne-methyl signal
and

3) chaages in the guadrupole relaxation time of
the nitrogen nucleus.

The eoupling constant J 1is inown to be ~ 80 o/s>°,
Grunvald gt ak.>” have shown that it reduces to 0.54 £ 0,06 o/s
when coupling takes place through a carbon atom ia the
system ~i-C~i, The broadening of the Nemethyl signal in
narcotine is therefore aseribed to the splitting of the
methyl protons by the nitrogen mucleus. A clear splitting
is not observable because the closely spaced triplet with
J ~ 0.54 & 0,06 ¢/8 appears only as a broad signal. Pople™®
has derived theoretical band shapes associated with
various spinelattice relaxation times and the teadency of
the Nemethyl signal in the spectra of narcotine to revert
to its original shape arter W osdening seems to be due to
the rapid relaxation rate of the altrogen nucleus i.e.
decrease in its relaxation time.

The protonation could be effected with a stroager
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acid (427 perchloric acid). Accordingly, the H-methyl
signal in the spectrum (Fig.l2e) has split iato a doublet
centered at 215.5 o/s.

The above results of narcotine may be compared
with those of morphine, in which the absence of any bulky
substituent in the position « to the Nemethyl group leads
to easy protomation. Accordingly, the N-methyl signal
appearing at 145 o/s in pyridine (rig.l3a) splits into a
doublet centered at 170 o/s in aqueous hydrochloric acid”
(Fi1g.1l3b).

dicoting: Another example in this group is that of nicotine,
the spectra of which are given in Fig.l4. The Hemethyl
signal appearing at 131 o/s in CCl, (Fig.l4a) becomes

broad in 1,18 hydrochloric acid (rig.l4b, signal half
wl.dt:;*s mm) and appears at 193 o/s. The signal becomes
sharp in more concentrated acid media (Fig.l4e and 14d;
signal half vidth: *4.5 ma and 3 ma respectively), appearing
at 193 o/s and 194 ¢/s respectively, and this is attri-
buted to the change in the relaxation time of the aitrogen
nucleus as explained earlier.

~ 0,12 molar solutioan in 3,004 hydrochlorie acid
had to be used for recording the spectrum due to poor
solubllity of the compound., !Hence the dowafield shirt
reported here has oaly a little significance.

- Signal half width measured for the NHemethyl signals
recorded at 250 ¢/s sweep width,
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The protonation could be brought about with
427 perchloric acid (rFig.l4e) which is clear from the
Hemethyl doublet centered at 201.5 ¢/s. It is worth
noting that the aromatic signals maintain thelr usual
pattern in 14b - l4e, although they appear in a smaller
range of 60-70 ¢/s as compared to 90 ¢/s in the original
spectrum (Fig.l4a), and sutfer a downt'ield shift of
approximately 80-30 o/l..

Conessine: That the bulk of the group in the « position
is of significant importance is understood from the
spectra of conessine (Fig.l5). The signals appearing

at 125 o/s and 121 ¢/s in CCl, (Fig.l8a) are assignable
to the Nemethyl and N,N-dimethyl groups respectively.
The solubility of the compound is not satisfactory in
1.18§ hydrochloric acid. However its spectra in more
concentrated hydrochloric acid (Fig.l5b and 15c¢) show
doublets centered at 192 ¢/s for all the N-methyl groups,
indicating smooth protoaatioan,

*In this coanectioa it may be mentioned that the
aromatic multiplet in the aromatic amines collapsed
into a singlet in the acid media, the shitt incre-
ment being ~ 60 o/s.
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CQICLUSLON

11

The results described above extend further the
data obtained by Ma and Warahoff°» and it has been shown
that valuable further informatioa can be obtained in
going to still stroager acids like perchloric acid. The
data obtained by these authors in trifluoroacetic acid
has been compared with our results in perchloric aecid in

Table 1I,

TABLE 11 « CHEMICAL SHIFTS OF N-MEIHYL GROUP IN WEAK
AMINES IN TRIFLUOROACETIC ACID AND PERCHLORIC

ACID
Compound 5o/s 1a
ToFohs 10,
roT4 709
Nicotine 186.,0 (unaplit) 201.5 (d) -
Nepethyl aniline 190.,0 (nnagllt) - 208.0 (t)
195,0 (partially
regolved trip-
1“ It 27").
¥, d=Dimethyl 207.5 (d) - 209.0 (d)
aniline
N=Me 1leZ= 185,5 (unsplit) - 204.0
pyrrolidone. (uasplit)
Theophylline 218.5 J(une- - aeo.o}(un-
2381.,0 J split) 238,04 split)
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SYNOPSIS

TITLE: "ANALYTICAL METHOO3 Iid ORJANIC CiKMISTRY"

The thesis is presented in two parts. The first

part relates to the chemical methods of group determination
and consists of two chapters. The second part deals with
the spectral methods of analysis and has been subdivided
into three chapters.

The method described in this Chapter 1s a modifi~
cation of the Kuhne-Roth oxidation and yields useful iafore~
mation about the number and nature of quaternary methyls
in terpenoids and steroids. Although NMR spectroscopy can
readily turnish this type of information, the present method
gives usetul data which cannot be obtained otherwise; e.g.
the differential Xuhan-iRoth estimation method has been
applied in deciding whether a given compound contains grouping
(A) or has two groupings of the type (B).

Ho>c o Me Ao
C ™~ C \C

() (B)
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Chapter II - Jetermination of the mumber aad nature
of acetyl groups in organlg compounds.

“he existing chemical and physical methods do not seem
to be quite adequate for deciding the nature of the acetyl
groups. As certain natural products are knowa to be acety~
lated compounds, this method would be helpful in ylelding
important iaformation about the structure of such molecules
and also for those aatural products where acetylation of
the active hydrogen atoms ofters no ditficulty.

The method is based on the dirferent rates of
hydrolysis of various types of compounds; it has been possible
to distinguish between the acetyl groups attached to an
oxygen atom and a nitrogen atom having dirferent structural
eaviroaments.

The methylene groups adjacent to carboayl are known
to absorb in the region 1410-1480 ea™k of the iafrared
spectrum. The shift of this band and its absolute inteasity
have been studied in a variety of oyclic ketones and usetul
correlations obtained regarding the erfect of the ring size
and other structural features on the position and the
intensity ot the band.



Chapter II - Identification of Methylaaphthalenes by WM

This Chapter gives the details of an analytical
method for a quick ideatification of an allyl naphthalene,
isolated as a trinitrobenzene complex. Alkyl naphthalenes
constitute important dehydrogenation products of terpenoids.
With the advent of gas-liquid chromatography it is possible
to isolate almost all the dehydrogenation products from a
given precursor. However, the products are very often
obtained in small quantities and are purified and charace
terized as their complex with trinitrobenzene. It is
demonstrated novw that the PMR spectra of these complexes
can directly furnish information which can enable one to
characterize the alkyl naphthalene by the application of
recently published PMR rules (B.A. Hagasampagl, R.C.Paadey,
V.3. Pansare, J.R. Prahlad and sukh Dev, Tetrahedron letters

1i9,8, Pp.411-416, 1964) ror the identirication of methyl
naphthalenes.

Chapter 111 -

The usual chemical method for the determination of
the Nemethyl group has many drawbacks. This Chapter des-
oribes a nuclear magnetic resonance method doveloped for the
characterization of this important functional group.
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A eritical survey of relevant literature available
is presented in collated and condensed form in each part of
the thesis. These portions in addition to being of interest
in their own right, will provide the necessary backgrouad for
the appraisal of the work deseribed. The work presented is
original and represents discovery of new facts and consists
of bona fide record of the experimeatal work carried out by
the candidate. Detalled information about the new facts
observed and how they have advanced the knowledge of the
subject have been fully dealt with in the synopsis.
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