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Nomenclature Workshop Solutions -

Problem la:
5-(cyclopropylmethy1)-7,7-diethyl-6-methyl-6-(methylethyl)-8-(dimethylethyl)-4-(1 -methylpropyl)-
dodecane

Problem 1b:
6-(bromocyclopropylme1hyl)-8,8-diethy1—4,7—dimeﬂ1yl-7—(methylethyl)—9—(djmethylethyl)-5-propyl-
tridecane .

Problem 2:

1-(2-bromo-3-methylpentyl)-5-(2,2,-dimethylpropyl)-3-(2-methylpropyl)cyclohexane

Problem 3:

7-(2-bromopropyl)-6-ethyl-3,4-dimethyl-5-propyl-6-dodecene
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Amino Acids;, Aromatic Compounds, and Carboxylic Acids:
How Did They Get Their Com

Sam H.

leung

Department of Chemistry,
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1), aromatic compounds (Table-2),

Table1. Amino Acids .

spatial configurafion analogous o that of pihreose, o 4-corbon suger

obtained from the pancreatic irypfic) digesfion of proteins: fryphic, the
odjeciive form of rypsin, & pancrestic digesfive enzyme; phane, from

Root® Notes
Arginine L argentum, silver’ forms o welkdefined silver sali
Asporogine  osparogus first found in osporogus
Asparfic ocid  — ’ related to osporagine
Cyseine - reduction product of cystine {which see}
Cysfine Gk kystis, bindder irst isolated from a blodder stone .
Glutamic gluten + amino obtained by the hydrolysis of gluten, o protein-ich product obiained
ocid in the separafion of starch from com or wheal
Gluomine  — derived from glutomic acid (which see)
Glycine Gk glykys, sweet  fosies swee!
Histidine Gk histion, fissue —_
isoleucine — isomer of leucine {which see)
Leucine Gk levkos, white obtained in the form of white plates
Lysine Gk lysis, loosening discovered among the products from the hydrolysis of cosein
Methionine  methyl + thio contains o S atom |Gk theion, sulfur) with @ methyl group atinched
Proline pyrrofidine contains o pyrrolidine 1ing
Serine - L sericum, silk tirst isolated from silk
Threonine  fhreose
Trypiophon  frppfic+ phone
Gk phanein, to appecr
ryros’me Gk tyros, cheese tound in cheese
Valine valeric

carbon skeleton corresponds to isovaleric ocid {3-methylbutanoic ocid)

=These biologically im

pounds co

AR

ntaining nifrogen lo

poriant c-amino ocids are almost atways colled by their common namMEs.

mine bases). bl indicates Latin; Gk indicotes Greek.

this-Journal for their valuable suggestions.

1. Ringnes, V. J. Chem. Educ. 1989, 66,731
5. Ball, D. W. J. Chem. Educ. 1985; 62,787
3. Nickon, A3 Silversmith, E. B Organic Chemistry: The Name
Game; Pergamon: New York, 1987. :
4. Bruice, B Y. Organic Chemistry, 2nd ed;; Prentice Hall: Upper
Saddle River, NJ, 1998. - . '
-5, The Oxford English Dictianary, 2nd ed.; Simpson, J. A; Weinet,

Clarendon: Oxford, 1989.

International Dictionary of the English Lan-.

York, 1994. . .

N E. Organic Chemistiy 2

" Unabridged; Neilson, W. A, Ed.; Merriam:
Springfield, MA, 1950." °

7. Noller, C. R Chemisry of
ders: Philadclphia, 1957

g.* Volllardt, K. T C.; Schote,

Organic Composnds, 2nd ed.; Saun-

nd ed;

Foote, C. S. Organic Chemistry, 2nd ed; Saun-

ders: Fort Worth, TX, 1998.

Systemuﬁz: Name

(S)-fl-amino-&guunidinopenianoic acid

. (S)-Zomino-Bcarbumuylpropunoi: acid

Y (S}-Z-aminobutunedioic acid .
) [5}-2—amino—3—mercﬁpioprbpunnic ocid
l:ﬁs(Z-am'mo—2-carboxyethy‘)disu|ﬁde

(S}-Z-aminupenmnedioic acid

(S}»2-omino—4-curbnrnoylbufunoic orid
ominosthanoic acid ’
(S)—Z-umino—B—(S—imiduzo’yﬂpropunu'n: acid
125, 35}—2—0mino—3—meﬂ1y‘pentunoic ocid
(S)—2-amino~4—rneﬂ1y1peniunoic acid
(S}-Z,b—diuminohexnno'lc ocid
[5}-2-0mino-4-maﬂ1yl|hiobxﬁano’|c acid
2—pyrro‘idineccr’buxyﬁc ocid
lS)-Z-aminD—S—hydmxypmpmoic acid
[25,3R)-2—omin03-hydroxybutunoic ocid
(S}—Z-umino—3-(3-indo!yl}propunoic acid

(S)-Z-uminoHAhydraxypheny!)propunoic ocid

{S)vZ-umino-Mal!vylbuiunuic ocid
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The suffix -ne is o common ending for
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Table 2. Aromatic Compounds

'(:,‘ommon Root © Notes Systematic Name Ref
ame
Aniline Sp o, indigo; first obioined by distillation of indigo; anil is the name for the Wes! Indion shrub ominobenzene 3,7
onil 4 -ine Indigofera suffrulincosa, one of the plants that produce indige
Anisole Gk anison, onise anise is the nome of the Egyptian plant Fimpinello onisum, which produces aniseed  methoxybenzene
L ole, cil
Anthrocene Gk anthrax, coal o constituent of coal far onthrocene
Cutechol cotechu + ol from gum cotechu, an astringent substance obtained from various tropical plants 1,2-dihydroxybenzene
Cresol (o, m, p} prob. G kresol from creosole, an ofly liquid with @ burning, smoky taste, obtoined by the disfillation 1-hydroxy-xmethylbenzene® 6
of wood for
Cumene from cumin, @ plant notive to Egypt ond Syria isopropylbenzene 5,6
Furan L furfor, bran shor for “furfurone®; obtoined by decarbonylation of furfural, which was produced  furan 3,7
by distillation of bran with dilute sulfuric acid
Hydroguinone produced by reduction of quinone; first obtained by exidation of quinic acid 1,4-dihydroxybenzens 3,7
Indole indigo first obtained by distilling oxindole, a degradafion product of indga, with zinc dust  indole 7
Mesitylene from mesife |Gk mesos, between), o liquid whose properfies were once thought lo be 1,3 Srimethylbenzene 3
between olcohol and ether and loter found fo be acefone; mesitylene was so named
because it can be made by condensation of three molecules of mesite
Phenol phen + -of; Gk phene, on old name for benzene; first isolated from flluminating gas in the early hydroxybenzene 7
phaino., shining 1%th century .
Pyridine Gk pyro, fire obtnined by distiliation of the oil derived from the pyrolysis of bones pyridine 3
Pyrrole Gk pyrro, fiery red  first detecied by the red color produced when ils vapor come in contoct with pyrrole 3,7
pine splinters moisiened with concentraied hydrochloric acid
_ |Resorcinol resin + orcinol: orcinol {3,5-dihydroxytolvens]; orchil {or orchil) is o viole! dye obtained from cerain  1,3-dihydroxybenzene 3,7
It orcello, archil lichens; resorcinol forms when certain resins {from lichen?) are fused with potossium
hydroxide
Styrene L styrax, storax first obtained by disiillation of liquid siorax, a balsam from Liquidombor styraciflva ethenylbenzene 7
and liguidambar orientalis ’
\ Toluene obigined by distiflation of ol balsam, o frogrant, yellaw-brown resin from the tolu methylbenzene 3,56
B tree, named afier the seapor Sonfiago de Toli, Colombia
Xylene [o, m, p} .Gk xylon, wood first obtoined from wood tar 1,xdimethylbenzene 3

“Sp indicates Spanish; Gk indicates Greek; L indicates Latin; G indicales German; it indicates lialion. The suffix -of indicates on alcohol.
b
x= 2,3, or 4.

Table 3. Carboxylic Acids

;7- °
]

ﬁ‘:;:?n Root® Noles Systematic Name Ref
Acefic ocid L acetum, vinegor found in vinegor ethanoic ocid 3,8
Adipic ocid L edeps, fot formed when some unsaturated fols ore oxidized hexanedioic acid 7
Butyric acid L butyrum, butier found in rancid butter butonoic ocid 3,4,8
Caproic ocid L caper, goot found in goot's milk ond has o goatlike odor hexanoic acid 3,4,8
Formic acid L formica, ant was obtained from the destructive distillation of onts methanoic ocid 3,8
Fumaric acid L fumus, smoke found in the plant Fumario, which wos burned in oncient limes o create {BFZ-butenedioic ocid 3,8
smoke o ward off evil spirifs .
Glutoric ocid first prepored from glutomic acid {an omino acid) pentanedioic acid - 7
Loctic acid Lloe, milk first isolated from sour milk 2-hydroxypropanoic acid 3
Lowric ocid L fourus, lourel dodeconoic acid 5
Linoleic ocid Gk finon, fiox, + oleic  the fiox plont produces long sikky fiber used to manufacture linen thread {Z,2}9,1 2ociodecadienoic acid 6
Maleic ocid L molum, apple dehydration product of malic acid |which see} {Z-2-butenedioic ocid 3
Malic ocid L malum, apple first isolated from unripe apples hydroxybutanedicic acid 3,7
Malonic ocid L malum, apple first obtuined by the oxidation of malic ocid {which see} g proponedioic otid 3,7
Oleic ocid L olevm, oil found in the Hriocylglycertls of some vegetable oils {Z}-9-octadecenoic acid 3
Oxdlic acid Gk owys, sharp, sour  hos & sharp or sour taste; obfained from plants of the genus Oxalis ethanedioic acid 3,9
Palmitic ocid L polma, palm present in palm ol iriacylglycerols hexadeconsic ocid 3
Propionic acid Gk prg‘o, first, and the smatllest ocid that shows charocieristics of the larger fatty acids propancic acid 3,4
pion,
Pyruvic acid Gk pyro, fire, and obtained by the pyrolysis of toraric ocid (from grapes] 2-oxopropanoic ocid 3
L vva, grape

Stearic acid Gk stear, tollow present in the irincylglycerols of animal and vegetable fats ociodecanoic ocid 3
Suecinic acid | succinum, amber discovered in the disfillate from the destructive distillafion of omber butonedicic acid 3,8
Yaleric acid from the root of the plant Valeriana officinalis, or garden heliorope penfanoic ocid 3,8

= Although systematic names are becoming more popular, the common names of these monocarboxylic and dicarboxylic acids are still frequently

used in orgonic chemistry and biochemistry. £l indicates Latin; Gk indicates Greek.

JChemEd.chem.wisc.edu ® Vol. 77 No. 1 January 2000 * Journal of Chemical Education




ChemTeam: Wohler on Urea Page 1 of 2

e ~ ONTHE ARTIFICIAL PRODUCTION OF UREA

by F. Waohler
Annalen der Physik und Chemie, 88, Leipzig, 1828

In a brief earlier communication, printed in Vohime ITT of these Annals, I stated that by the action of
cyanogen on liquid ammonia, besides several other products, there are formed oxalic acid and a
crystallizable white substance, which is certainly not ammonium cyanate, but which one always obtains
when one attempts to make ammonium cyanate by combining cyanic acid with ammonia, e.g., by so-
called double decomposition. The fact that in the union of these substances they appear to change their
nature, and give rise to a new body, drew my attention anew to this subject, and research gave the
unexpected result that by the combination of cyanic acid with ammonia, urea is formed, a fact that is
noteworthy since it fiurnishes an example of the artificial production of an organic, indeed a so-called
animal substance, from inorganic materials.

I have already stated that the above-mentioned white crystal-line substance is best obtained by
breaking down silver cyanate with ammonium chloride solution, or lead cyanate with liquid ammonia.
In the latter way I prepared for myself the not unimportant amounts employed in this research. It was
precipitated in colourless, transparent crystals, often more than an inch long...

With canstic soda or chalk this substance developed no trace of ammonia; with acids it showed none
. of the breakdown phenomena of cyanates which occur so easily, namely, the evolution of carbon
dioxide and cyanic acid; neither could the lead and silver salts be precipitated from it, as from it, as
from a true cyanate; it could thus contain neither cyanic acid nor ammonia as such. Since I found that
by the last named method of preparation no other product was formed and the lead oxide was
separated in a pure form, I imagined that an organic substance might arise by the union of cyanic acid
with ammonia, possibly a substance like a vegetable salifiable base. I therefore made some experiments
from this point of view on the behaviour of the crystalline substance to acids. But it was mdifferent to
them, nitric acid excepted; this, when added to a concentrated solution of the substance, produced at
once a precipitate of glistening sales. After these had been purified by several recrystallizations, they
showed very acid characters, and I was already inclined to take the compound for a real acid, when I
found that after neutralization with bases it gave salts of nitric acid, form which the crystallizable
substance could be extracted again with alcohol, with all the characters it had before the addition of
nitric acid. This similarity to urea in behaviour induced me to make parallel experiments with perfectly
pure urea separated from urine, from which I drew the conclusion that without doubt urea and this
crystalline substance, or ammonium cyanate, if one can so call it, are absolutely identical compounds.

I will describe the behaviour of this artificial urea no further, since it coincides perfectly with that of
urea from urine, according to the accounts of Proust, Prout and others, to be found in their writings,
and I will mention only the fact, not specified by them, that both natural an d artificial urea, on
distillation, evolve first large amounts of ammonium carbonate, and then give off to a remarkable
extent the stinging, acetic-acid-like smell of cyanic acid, exactly as I found in the distillation of
mercuric cyanate or uric acid, and especially of the mercury salt of uric acid. In the distillation of urea,
another white, apparently distinct substance also appears, with the examination of which I am still

occupied.

http://dbhs.wvusd.k12.ca.us/Chem-History/Wohler-article.html 5/23/00



nTeam: Wohler on Urea

But if the combination of cyanic acid and ammonia actually gives urea, it must have exactly the
composition allotted to ammonium cyanate by calculation from my composition formula for the

cyanates; and this is in fact the case if one atom of water is added to ammonium cyanate, as all
' ammonium salts contain water, and if Prout's analysis of urea is taken as the most correct. According to
him, urea consists of

Nitrogen 46.650 4 atoms

Carbon 19.975 2 atoms

Hydrogen 6.670 8 atoms

Oxygen 26.650 2 atoms
99.875

But ammonium cyanate would consist of 56.92 cyanic acid, 28.14 ammonia, and 14.75 water, which for
the separate elements gives '

Nitrogen 46.78 4 atoms

Carbon  20.19 2 atoms

Hydrogen 6.59 8 atoms

Oxygen 26.24 2 atoms
99.80

One would have been able to reckon beforehand that ammonium cyanate with 1 atom of water has the
same composition as urea, without having discovered by experiment the formation of urea from cyanic .
’ acid and ammonia. By the combustion of cyanic acid with copper oxide one obtains 2 volumes of carbon .
dioxide and 1 volume of nifrogen, but by the combustion of ammonium cyanate one must obtain equal
volumes of these gases, which proportion also holds for urea, as Prout found.

I refrain from the considerations which so naturally offer themselves as a consequence of these facts,
e.g., with respect to the composition proportions of organic substances, and the similar elementary and
quantitative composition of compounds of very different properties, as for example fulminic acid and
cyanic acid, a liquid hydrocarbon and olefiant gas (ethylene). From further experiments on these and
similar cases,a general law might be deduced.
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tion which treats of ** Magnesia Alba” will form the second
installment and this will be succeeded by Rutherford’s dis-
sertation “‘On the Air Called Fixed, or Mephitic.” The
translations will be reproduced almost exactly as they left
Crum Brown's hands, only a few minor slips and incon-
sistencies having been adjusted.

Black was a distinguished pupil of William Cullen,
who himself occupies a noteworthy position as a pioneer in
Britain in insisting on the imporiance and value of a
knowledge of chemistry and in delivering, first in Glasgow
and afterwards in Edinburgh, courses of lectures on the
subject and on its history to his medical students. Avail-
ing himself of the opportunity afforded by the enlighiened
attitude of Cullen towards his pupils in encouraging them
to engage in making chemical experiments on iheir own
account, and with the definite object of endeavouring to find
an appropriate solvent for the calculus—a matier that was
seriously exercising the minds of physicians at the time—
Black carried out a well-considered and systematic series
of experiments on Magnesia Alba. The details of these ex-
periments are described in his thesis, but Black did not
there give more than an indistinct foreshadowing of the
important conclusions with respect to mild and caustic
alkalies, subsequently deduced from them and from some
additional experiments, that he set forth in his extended
paper of June, 1755, which was printed in the *Essays and

JournaLr oF CrEMICAL EDUCATION

Observations, Physical and Literary, Read before a So-
ciety in Edinburgh and Published by Them” [Vol. 2,
157-225 (1756)).

While Black thought that some of his experiments were,
as he puis it in the second portion of his dissertation,
“aporthy enough of record” and that an account of them
“would not be unpleasing” to those of his fellow-students
who were fond of chemical philosophy, he admitied that
what he had writien on magnesia alba “'did not seem to

“have such a relation to medicine as the motive of the work

required”’ and he therefore ‘‘decided to preface it with some
notes. . .on the acid humour arising from food, for which
alone magnesia serves as a remedy.” These notes were
omitted from the subsequent extended paper. Thatl, at ithe
outset at any rate, Black did not entertain any exagger-
ated tdeas as to the importance of his experimental work
is evidenced by the following passage contained in a letier
concerning his thesis which he wrote to Cullen from Edin-
burgh under date 18th. June 1754:— What do you think
of printing the experimenial work 1in the Physical Essays
here? If the experiments are worth anything they will be
stolen by others; but yet I would rather have it so than
make them public, unless you think it would be of some
sort of service to me”’ [Thomson's “Life of Cullen,” Vol. 1,
51 (1832)1.

+ + + + + +

¥ ON THE ACID HUMOUR ARISING
FROM FOOD

(CRUM BROWN’S TRANSLATION)

AS I WAS thinking of this, my first little inaugural
work, Magnesia Alba spontaneously presented itself,
and the subject pleased me, chiefly because its simplic-
ity makes it more easily adaptable to the prescribed
limits, and more suited to my powers. But when I
considered what I had written on it, it did not seem
to have such a relation to Medicine as the motive of the
work required, and I accordingly decided to preface it
with some notes, as short as possible, on the acid hu-
mour arising from food, for which alone magnesia serves
as a remedy.

The food mostly used by man is derived partly from
animals, but chiefly from vegetables.

But the nature of almost all vegetable matters is
such that, when macerated in water, or dissolved in it,
and kept at the temperature of the human body, they
spontaneously fall into a certain internal motion, com-
monly called fermentation, at the same time emit a
great quantity of air, and at last are converted, wholly
or in part, into an acid humour; and this change is ac-
celerated by the addition of vegetable substances al-
ready undergoing fermentation.

Almost all the vegetables we eat are liable to corrup-
tion of this kind; and indeed it will not be out of place
to review them here in the order of their readiness to
undergo it, putting first those which most rapidly be-
come acid, and letting the rest follow according to their

disposition to this change. But as I do not know of
any observations or experiments hitherto made, which
could give such an order absolutely, a short summary
only of the observations bearing on the matter need be
given; but, before doing this it is to be noted that the
vegetable products ordinarily used for food may be
divided into four classes: of which the first includes
leaves and roots: the second fruits distinguished for
sweet and saccharine juice, the product of nature or of
art, as also their juice converted by fermentation into
a vinous liquor: the third farinaceous seeds and the
meal prepared from them in various ways: the fourth
milk, which chiefly is formed from vegetables elabo-
rated into a food most agreeable to nature. As far in-
deed as experience has taught, leaves and roots taken
into the stomach more frequently become acid. Of
fruits and their fermented juices those are more liable
to this corruption which contain a larger amount of
water: indeed the fruits themselves ferment more
quickly than even the vinous liquors. Of things made
of meal, those most frequently ferment in the stomach,
in which the particles of meal are least ground down
and kneaded. Milk again seems to be of those most
rapidly taken into the blood, and so more rarely be-
comes acid in the intestines.

All these things when they have once become acid
are not only unsuitable for the proper nourishment of
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the body, but are altogether hurtful to it, as sufficiently
appears from the cases of those who have often and
copiously drunk vinegar.

Therefore the Creator has given man various orgauns,
which no doubt havé great and various uses, but seem
chiefly to take care that this change, so injurious, does
not occur to food taken into the body. Thus the
stomach receives the food already acted upon by the
saliva and smeared with much mucus from the fauces
and cesophagus. In the stomach it is warmed at a
mild and uniform temperature, protected from exter-
nal air, agitated with a constant but gentle motion and
compressed; it is gradually mixed with mucus and the
copious liquid which exhales everywhere from the
arteries; then brought down, by the successive con-
traction of the fibres of the stomach into the duodenum,
where it gradually imbibes the bile and is diluted with
the pancreatic juice; next it slowly descends into the
small intestines and receives much liquid and mucus
from them; then at last it is caught up by the lacteal
and other absorbent veins, mixed with a great quantity
of lymph brought back from nearly every part of the
body, and quickly carried into the blood; that by in-
timate mixture with this fluid, and by very swift mo-
tion, it may itself be converted into blood.

These various liquids, properly mixed with food, are
said in this way to hinder its fermentation: because,
when they of themselves fall into corruption, it is of a
putrid and alkaline kind, contrary as it seems to the
acid, so that chyle made up of liquids so opposite to
each other, cannot turn out to be of either kind; but re-
tains its mild character for some time until it is carried
into the stream of the blood. It seems to be also a
special use of the cystic bile that by gently stimulating
the intestines it gives them the due tension, and pre-
serves their orderly motions.

But still the mixture of these liquids would not suffice
to hinder absolutely the fermentation of the food, if it
were allowed to stagnate long in the stomach and intes-
tines. Therefore stagnation and delay are hindered
by the perpetual agitation of the stomach and bowels,
originated no doubt by the motion of the surrounding
parts, and constantly renewed by the successive con-
traction of the fibers of the stomach itself and of the
intestines, so that the food is continually mixed with
the liquids, driven on, shaken, and forced to pass into
the absorbent vessels; for that alternate and gentle

pressure promotes its absorption is both agreeable to -

reason and is proved by the beautiful experiment of
the distinguished Dr. Kaau, who made chyle itself and
also water pass into the lacteal vessels from a portion
of the small intestine of a dying or already dead dog by
gently agitating it in imitation of peristaltic move-
ments.*

If we consider the process of digestion it will be clearly
seen that bodily motion and exercise promote it, and
hinder the fermentation of the food, but that on the
other hand, rest and quiet should retard it, and in a
measure induce fermentation of the food: for bodily

* Kaau perspiratio dicta Hippocrati, parag. 483 ef seq.
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motion or exercise shakes the food, moves it on, in-
creases its alternate compression and agitation, and so
its absorption; also by increasing the velocity and force
of the blood, it promotes the secretion of the various
liquids which are of use in digestion. But inactivity
and repose make the blood move more slowly: hence
a smaller quantity of it flows through the glands, the
liquids in them in a measure stagnate and thicken,
every secretion, and so also that of the liquids that
should be poured on the food, is diminished: the food
moves more slowly along the alimentary passage and
is less shaken; hence if there is delay and repose, there
is less impediment to fermentation.

And as the difference between a strong and a weak
body is nearly the same as that between an exercised
and an indolent body; the forces opposing the fermen-
tation of the food must, ceteris paribus, be stronger or
weaker according to the vigour or debility of the whole
body.

In some bodies the action of digestion is performed
with such force that it subdues the vegetable food most
prone to fermentation and quickly turnms it into good
blood, but in others the action is so weak and imperfect
that it is incompetent to digest it, it then ferments in
the stomach, becomes acid, and the disease of which we
are treating is produced. ‘

The weakness or defect of the actions by which di-
gestion is performed may have as causes weakness of
the whole body, want of motion and exercise, a disease
of some viscera by which either the secretion of a liquid
necessary for proper digestion is hindered or the pro-
pulsion and absorption of the chyle is retarded, or
lastly affections of the mind which often disturb all
natural actions. Debility of the whole body often
arises from a great loss of wholesome juices, or some-
times from the suppression of some particular evacua-
tion. Diseases of the viscera, which hinder the secre-
tion of liquids or delay the progress of the chyle may be
sometimes clammy mucus clogging the glands, schirrus,
scrofula, and the like blockading the various organs of
digestion. -

The fermentation of the food is a source of many ills;
for the air, of which there is a great quantity given off,
in its wanderings through the intestines, produces
borborygmi and flatus, and sometimes inflations and
enormous pains, as the intestine, constricted on both
sides, including the air, denies it a vent. And indeed
it seems likely-that that air will be in all respects like
every other air arising from fermenting liquids, and be
full of a vapour so noxious to life that it suddenly suffo-
cates animals that have breathed it, and therefore the
spasms of the fibres of the stomach and intestines with
which patients are very often troubled may to some
extent be produced by the action of this air on the
nerves. o

There is indeed much of this air in food, as it is at
first taken into the body, deprived, it is true, of elas-
ticity, nor does it ever recover elasticity in a strong
healthy body, but is carried together with the food into
the blood, also along with it a quantity of air, by no
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means insignificant, entangled among the food in the
mouth, and thereafter deprived of its elasticity by the
digestive forces. There is certainly air in blood and
in all liquid secretions. A great quantity can be ex-
tracted from the solid parts by means of heat, so that
it must also be in the nutrient liquid: hence it appears
to be necessary for the proper composition of all these
things.

It is not to be doubted indeed that this air, exten-
sively united with every part of our body, serves many
great uses; nor is it to be supposed that its absence
could be borne without inconveniences: but we do not
seem to know what its use is, or what are the inconveni-
ences that would result from its absence. Perhaps
some of the colour of the blood and the solidity of its
globules may be due to it, and perhaps its presence
may make the blood more fit to stimulate gently the
nerves so that a certain alacrity and vigour may be
imparted to the vital and to the natural actions.

Those who suffer from acid have always a weak pulse;
and daily becomemore languid, inert, arid weak; the solid
parts of the body become flaccid, the blood becomes
pale and as it were vapid; all these symptoms may
perhaps be ascribed to some extent to a deficiency of
air in the blood and humours.
. The acid when formed, is often eructed into the

mouth, where it annoys the wretched patients with its
very offensive taste and smell. By irritating the very
sensitive entrance of the stomach it causes pain, burn-
ing the pit of the stomach, and, from the sympathy of
this with the head, also headache and redness of the
face. Mixed with new food it then acts as a ferment,
so that this goes to the same corruption. Hence good,
well prepared chyle is scarcely to be looked for; hence
the blood, its source being depraved, itself becomes
worse; and in a measure the whole body becomes pale,
enervated, and thin: the organs of digestion themselves
at the same time are weakened, and the disease itself
increases. Meanwhile the quantity of acid increases
daily, becomes more pungent by stagnation, irritates
the stomach, creates a feeling of pain and hunger, which
yet is little relieved by taking food.

If the acidity attains a higher degree it eludes the
apparently very efficacious digestive action of the bile,
making the bile, already very inert, more inert still,
giving it that green colour, which it acquires when
joined with any other acid; thence brought into the
intestines it stimulates them, causes Hiarrhcea, with
green fzces smelling manifestly of the acid: and then,
the disease daily increasing, the digestive powers are
so diminished that food, scarcely changed, passes
through the whole intestinal canal, and lientery at
length so overwhelms the wretched patient that, as
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by starvation, he is wasted almost to a skeleton.

The diagnosis and prognosis are sufficiently shown
by what has been said. The cure is to be set about.

I. By changing or absorbing the acid.

II. By purifying the organs of digestion, and de-
priving them of the impure products of fermentation.

III. By forbidding foods liable to become acid, and
in their place giving such as are easily digested.

IV. By strengthening and assisting the organs of
digestion, and removing everything that impedes their
action.

The acid is changed by alkaline salts and absorbent
powders: these indeed unite with the acid to form a
tertium quid, yet quite diverse from them both.

The primae viae are to be cleansed by a mild emetic
or cathartic, selected from the aromatic, stimulant,
strengthening bitters. For this in the first place aloes
and rhubarb present themselves.

Magnesia alba answers both purposes, if administered
with a pleasing aromatic.

As to diet, those vegetables which are more prome to
fermentation are to be avoided, and animal food
chiefly used, as it neither has this fanlt nor is difficult
of digestion: and indeed of animals, or parts of them,
those are to be chosen which are either naturally most
easily digested, or can be made so by art. Such food
to be taken in small quantity but often.

The organs of digestion are to be strengthened and
helped by gently astringent and stimulant remedies,
chalybeates, bitters, aromatics, pure wine, inspissated
ox gall. Bitters seem in the first place suitable for
this business, for they powerfully inhibit fermentation,
and, by a certain stimulus, not unlike the stimulus of the
cystic bile, incite the action and the movements of the
intestines,

If digestion takes place languidly on account solely
of the weakness of the whole body, the body must be
brought back to health in divers ways, as the general
debility arises from divers causes: for if it proceeds
from a great loss of wholesome juices, the body is to be
succoured by again gradually restoring it by the use
of easily digestible food, or also of gently strengthening
medicaments, which promote digestion: if it has taken
its rise from the suppression of particular evacuations,
these are to be again restored.

When digestion is languidly performed on account of
lack of motion and exercise, the treatment is obvious.
If again this disorder arises from the disease of an or-
gan which takes part in the formation of chyle, this is
to be diagnosed and treated according to its nature.

If from affections of the mind; these are to be allayed
and at the same time orderly emotions restored by
stimulant, aromatic, rather fetid medicaments.

NEW MODELS OF OLD MOLECULES—A Correction

The illustration, Figure 2¢, page 130 of Volume 12 of THis JourNAL (March, 1935) is marked “ethyl alco-
hol, acetone, and acetic acid.” The label should read ‘‘ethyl alcohol, acetaldehyde, and acetic acid.”
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Nomenclature Needed for the Second Semester Course

H. Nomenaclature of Polycyclic Aromatic and Aromatic Heterocycles 47 5 M‘f /3-

The following fundamental structures should be learned for the course. You should be able
numbers are not given, you will not bave to name substituted derivatives.

10 name the base structure as well as simply substituted derivatives. If

AR

" guinoline
8 ‘ ' N ‘
1 | f/ l\{
7 X 2 | >
Nao ‘N
6 = 3 ' H
' 5 4
isoquinoline _ purine
3 4 3
7\ >
N 2 ‘/ NH 1 Ny
H N=/ 5 N
2 7 A
1 3 1
pyrrole imidazole indole
3 3
Iy 0N,
O S
1 1
furan thiophene

Ty to name the following substituted, aromatic heterocycles
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I Nomenclature of Alcohols L«» éﬁ@ MmO [)&/15; /O C}ql %f%/q‘;dlu g - (/’ " K%A'j //Jra/iaf’ﬂj)f(;z

Alcobols are named using the alkane root name, but the . . is dropped and replaced with the alcohol ending . -ol. . A number is placed just ahead of the revised root

pame specifying the position of the -OH group. It is important to note that the alcohol functional group is considered 10 be higher priority thant the alkene or alkyne ura i
group. This means that when a molecule has roultiple functional groups including hydroxyls, double bonds and triple bonds, you-pick the longest continuous chain

containing the alcobol or alcohol groups and you number the chain so that the alcohol groups bave the lowest positions possible. )

Consider the following examples.

OH
OH N ok
2-butanol
4-methyl-3-heptanol 4-isopropyl-1,3-cyclopentanediol

OH  OH

3-(2-propényl)-2—noncnc- 1,4,6-triol

Notice in the third example that the numbering in the ring must start at au alcohol position and pay particular attention to the nomenclature in the last example. The side
chain is a complex side chain and since the main chain has two different types of functional groups both are incorporated into the root name as shown. The number for
the alkene functional group in the main chain appears just before the root name while the numbers for the hydroxyl groups appear just before the alcobol suffix.

Try 1o name the following compound.

S—e %A /45/@"‘
Cefe/es

{5 Lot rene- [, 44 0/)

O

- H - . : - L
5 ecthyny/- 2,6-cyelooctudiene =, f-dro/

1. Nomenclature of Aldehydes and Ketones

Simple aldehydes and ketones are named similarly to alcohols. The fundamental alkane names are used, but the . . is dropped and replaced with . al. and . one. ,
depending on the situation. In terms of priority, both groups are higher than alcohols, but between the two, the aldehyde is highest. This means that if the aldehyde
and ketone appeared in the same molecule, you would give chain and numbering preference to the aldehyde.

You will note that the aldehyde group is always a terminal group so in most structures numbering is redundant and can be left out.

Please study the following examples.

Page: 2
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3-ethylpentanal S5-butyl-1,3-cyclooctanedione 2»(3—mcthylburyl)-bct3nbdial

Try to narme the following structures

7—é{jc/apf/)/:ng4@ :

c %/ Q 'é%afjprap%)
j zf OH :

,/ Qég;( -“7‘0){0 - _77/5—— |
O; 7 j 0E7Za¢//:’/7df/

O

7t <

OH

Sometimes an aldehyde appears oz a ring. Given its high prority the ring is named as a cycloalkanecarbal ehyde.

- . 2 \
.Plcase consider the following examples. | ? ’(/“ 67(/0/‘7?/7 7&(‘4??) _éf__ (2 _Aj G//’C’/jﬁm/a@‘é
' O O »
i ' QZ?—J(CEMCC//OQC

OH

2,3,3-trimethyl-cyclpentanecarbaldehyde: 3-hydroxy-5-cyclohexenecarbaldehyde

Notice in the second example that the alcohol group is called a hydroxy becanse it is lower priority than the aldehyde. Also please note that the alkene is given last
consideration in terms of numbering. .

Please attempt to name the following compound.

[ | (I & brormeF hlore
o> 92/71»(776/046/77/@‘/”75Caﬂ/]a/C/EéJDZI

o 2 A A « '
Zgj)) (?5) ‘éjgromo - ’7"(_‘4 /a O ""o?) 4/'*6 74/046/071‘46/4 enE ’"Z _
As a review try 10 designate the absolute stercocbc;misn'y of the stereocenters. carP e 7\7

Ketones are frequently named using their common names which involves simply giving alkyl-type names to the two chains coming off the ketone and following those
names with the word . ketone. . The following examples illustrate this trivial, but accpetable nomenclature,
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ethylmethylketone dibutylketone cyclopentylpbenylketone

Please note that the two substituents are ordered alphabetically in the common name. In alphabetizing, the prefixes: t-, sec-, di-, tri-, etc. are ignored. The prefixes
neo-, iso-, eyclo- are considered. In complex side chain names (the ones in parenthesis) , the first letter encountered is used in the ordering.

K. Nomenclature of Carboxylic Acids

Carboxylic Acids have a lot in common with aldehydes since they are terminal groups and by structural necessity must be peripheral on rings. The one difference to
note is that they are higher priority than aldehydes. At this point, I figure you can get the drift of carboxylic acid nomenclature by just absorbing a few good
examples.......

COOH

. 0 : '
COOH

2-(1-methylpropyl)-1,3cyclopentanedicarboxylic
6-methyl-octanoic acid acid

OH
HO
| : \]/OH
5 OH

‘ O
3, 4-dihydroxy-3-methyl-7-nonynedioic acid

Try your hand at naming these carboxylic acids.

5~ Cﬂimc @/~7Lﬁfﬁ/mé?f)——34 norentdorc acio

COOH

C%f’éyoééa¢zzjzﬁ?aPéa@#ﬁ;

OH | Hooc””
- /30,75)7304&/6 QCICp

Please include the absolute configuration of any stereocenters.

L. Nomenclature of Carboxylic Acid Derivatives

You will not be expected to be supreme experts on these derjvatives, but you do need to know the basics of paming them. . The esters are the most important so these
will be covered the most rigorously.

“sters
Page: &
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Esters are named the way salts are named. Think about the sodium salt of acetic acid. It is called sodium acetate. For an ester,
appropriate alkyl name for the substituent on the oxygen of the ester functional group.

o Please consider the following examples....

the sodium would be replaced by the

O

PN

ethyl acetate (less commonly called ethyl
ethanoate)

benzyl propionate

O

3-chloro-3-methylbutyl
3-cyclopropylpentanoate ethyl cyclohexanecarboxylate

Cyclic esters are called lactones. A few examples are given below. You will not be responsible for the specific nomenclature of this subclass.

e g
0 .

beta-butyrolactone gamma-butyrolactone gamma-valerolactone

Acid (Acyl Halides)

Acid halides are named taking the . ic. ending off the corresponding carboxylic acid name and replacing it with . yl. and then adding the appropriate halide ending,

A few simple examples

O o}
Cl O d '
| M ¢
l ,
Br O
3-chlorobutanoy! bromide cyclobutanecarbonyl iodide octanedioyl dichloride

nhydrides

Page: 5
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Anhydrides are named in 2 manner similar to the trivial method for ketones. The two parent acids are given names and that is followed by the word anhydride.

Here are a few examples... » e
o o /\/U\O M

propanoic aghydride butanoic peatanoic anhydride

Notice that the two acid names are alphabetized when they are different and that when the anhydride is symmetrical, no di- prefix is used.
Nitriles and Amides

Please study the following examples.......

CN
Cl
/ "
2-chloropentanenitrile 4-methylcyclobexanecarbonitrile
/ SN —
NH '
N-methylcyclobutanecarboxamide N, N-dipropylheptanamide

Try to name these carboxylic acid derivatives

Pape: 6
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M. Amines (?Jovna /’/2(@

Br

o
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Amines are named like ethers. You- give the chains attached to the nitrogen the normal alkyl names and follow them by . amine. . You should alphabeﬁ-z,e the alkyl
names and use multiple prefixes as needed. Try to name the following compounds.

¢ N o

) ardrne
p/ﬂ/fﬁnapy amy | L z/j/o/f/pmp@f
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Overview of Tsomerism Trncluding Stercoisomerism

Isomers

Structiral [sosvers Stereqisomers
{Constitutional, Isomers)

Configurational Isomers: Coriformational
Sigredisomers:
Gepmetric Tsomerk ‘Opticd] Tspmers,
Epantiomers Diastercommers

Soiie Definitiond

Striciardl Isomerss (inglides pu\m(m is0fries) Compuum}:«s i, Have the gafng
formula, but diffetent connectivity. These ¢ ompounds hiave dilferent TUPAC names.

Sierepispimiers: Conpoands that have e ¥ame Fonnuja, sari§g confreitivity, bur
rolgs At oriented Hifferciily in Spadel

(" unfﬂrma:mna{ sioreaivenierss Stercoliomers thif restlt frot thé: “rotation ot a
sipina’ bond. (Conformers can be: interconveried al room tempcrdtun-: .and cannol be
sepurateil ind placed i different bottles:  They exactly the samé T PAC name and
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Carzfgumzumat fsonmters: Siereoisomers thit can onhw e inlcreonvérted by breaking
sigma of pi bonds. These have the:sume TPAC fiamé. but different Cuhin-Ingold-
Prelog designations.
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Drawing Resonance Forms Systematically

CHARGED SPECIES AND RADICALS

When dealing with a charged species or radical the goal is to show the distribution of the
charge/radical through the 7 system step by step. This can be done systematically using the

arrow formalism,.e.g.,

CARBOCATIONS
1 i
2 ; @\/
oy :
T3 Q/ : 3 #

To generate the structures, it works to view the electrons adjacent to the charged atom as
though they are a fence on a hinge. Swing the “fence” from between 2 & 3 overto 1 & 2.

1 eave all other bonds the same.

Now the charge is near a new double bond. Carry out the same operation.

Lo
s

2

5
\

1 3
2
®
1 3
CARBANIONS
O O
2 3 I 2 3 |
1 ~ — 1IN
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For carbanions, the flow of electrons is in the opposite direcon. Take the pair of electrons
and push them between ¥ and 2. This will leave too many electrons around 2, so swing the

electrons between 2 and'3 out onto 3.

Continue this process, step by step.



RADICALS

For radicals, the unpaired electron at | -aad one of the &t electrons between 2 and 3 are
combined to form a 7 bond between 1 and 2 leaving an unpaired electron at 3.

1 3 T 3
[ ]
N 5 i} Z
| J—
™

Continuing ...

S -0

. NEUTRAL AROMATIC SPECIES INCLUDING FUSED, POLYCYCLIC
AROMATICS

When dealing with neutral molecules such as fused, polycyclic aromatics one often has to
completely circulate the electrons around a ring to generate another important structure(s). For
example, consider the resonance forms of benzene. This is becanse step by step circulation
as done earlier in this handout will generate new charge. .

The following are some guidelines using anthracene as an example.

Circulate electrons around any existing benzene rings, the goal being to get alternating d.b.’s
around the outer ring. Shown below. ‘

Anthracene




b. Having acomplished the goal, circulate the electrons completely around the “outer’” ring.
. : Shown below.

c. Now circulate electrons around any “new” benzene rings you have generated as shown below.

eeBlece

d. Repeat the process as in (c) until you start to regenerate previously drawn structures. If
regeneration occurs you are normally finished. _

(redundant
same as original)




Rules for Writing Resonance Structures

1. Resonance Structures exist only on paper. No individual structure represents the entire
structure. The structure is a weighted average or hybrid of the individual structures.

2. In generating resonance structures, one can only move electrons. The following is not
an example of resonance because atoms are movmg

SV

_ H

keto-enol tautomerization

3. As much as is possible, resonance structures should be proper Lewis structures, i.e.,
obey octet rule, correct no. of bonds, etc.

4. All the resonance structures must have the same number of unpaired electrens, ..,

All of the atoms that are part of the delocalized system must lie in a plane or be nearly

Rules Concerning the Energy of Hybrids and Contributing Forms

1. The energy of the actal molecule is lower than the energy of any contributing structure.
This is what is meant by the term resonance stabilization.

2. Equivalent structures make equal contributions to the hybrid. Systcms having equally
contributing structures have a large stabilization.




that can be used to evaluate the importance of a given resonance form are the number of
covalent bonds (more are better), the number of electrons in the valence shell when bonded
{ eight is best) and charge separation (less is better). The following examples illustrate

these points.

O-C

Most Important

0 3. The more stable a structure is alone, the greater its contribution to the hybrid. Factors

wd

‘o~

Most Important

7N T N

Most Important
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The Basics Nuclear Magnetic Resonance Spectroscopy

Nuclei possessing angular moment (also called s in) have an associated ma%neﬁc moment.
A few examples of magnetic isotopes are 13C, I, ¥F, N, "0, *'P, and *’S. Please note
that not every isotope is magnetic. In particular you should note that ?C is not magnetie.

Tf a nucleus is not magnetic it can’t be studied by nuclear magnetic resonance spectroscopy.
For the purposes of this course, we will be most interested in 'H and ®*C. I will limit my
discussions to 'H in this short treatment. Generally speaking, you should think of these
special nuclei as tiny, atomic, bar magnets.

Nuclear Magnetic Spectroscopy is based on the fact that when a population of magnetic

- nuclei is placed in an external magnetic field, the nuclei become aligned in a predictable and

finite number of orientations. For 'H there are two orientations. In one orientation the
protons are aligned with the external magnetic field (north pole of the nucleus aligned with
the south pole of the magnet and south pole of the nuclens with the north pole of the
magnet) and in the other where the nucleus is aligned against the field (north with north,
south with south). The alignment with the field is also called the “alpha” orientation and
the alignment against the field is called the “beta” orientation. From my description of the
poles, which orientation do you think is the preferred or lower in energy? If you guessed
the “alpha”, you are correct. It might be worth noting at this point that before the nuclei

are placed in the magnetic field they have random orientation.

N ,,
¥
At A 1|
/‘a’nc/am '0/‘1517742?40/) O/ aﬂ(/ﬁ 'g

outsicle Feld rrentation?

Since the alpha orientation is preferred, more of the population of nuclei are aligned with
the field than against the field. You might wonder why any spins would align against the
field. Realize that we are talking about atomic magnets. These are very, Very weak
magnets. The energy difference between the alpha and beta orientations is not large.
There is enongh energy for nuclei to exchange between the two orientations af room
temperature, though a slight excess on average is in the lower energy, alpha state.

The nuclear magnetic resonance (NMR) spectroscopy experiment involves using energy
in the form of electromagnetic radiation to pump the excess alpha oriented nuclei into the
beta state. When the energy is removed the energized nuclei relax back to the alpha state.
The fluctuation of the magnetic field associated with this relaxation process is called
resonance and this resonance can be detected and converted into the peaks we see in an

NMR spectrum.

What sort of electromagnetic radiation is appropriate for the low energy transition involved
in NMR? Well believe it or not radio waves do the trick. Radio waves are at the very
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low energy end of the electromagnetic spectrum and are sufficient to induce the desired
transition. It is for this reason that NMR is considered to be a safe method of analysis.
The same technology is now used in hospitals in MRI (Magnetic Resonance Imagining -
people are afraid of the word nuclear). If you have ever had an MRI done, realize that you
were placed in a magnetic field and all your magnetic nuclei lined up in the manner -
described above. Excess nuclei were pumped to higher energy states as you were exposed
to radio waves.

The following are two very, very important points to accept and learn if you are going to
understand the rest of the discussion.

1. Electric currents have associated magnetic fields.
2. Magnetic fields can generate electric currents.

If you haven’t had physics yet, try to accept these two points. Certainly most people have
at least heard of electromagnets and if so, you probably have some idea about the first
statement.

The following is a very important NMR relationship. This expression relates the external
field to the frequency of resonance. '

W’__:_ /4(/4/0
=7

In this equation, /" is frequency, /( is the magnetogyric ratio (not needed for this

discussion - a constant for each nucleus) and H, is the magnetic field. The big thing to

glean from this equation is that the external field and the frequency are directly

proportional. If the external field is larger , the frequency needed to induce the alpha to

beta fransition is larger. It follows then that in a larger field, higher frequency radio waves
would be needed to induce the transition.

In this context it is relevant to note that different nuclear magnetic resonance spectrometers
have different magnetic field strengths. For example the NMR on the first floor of Park
Hall has a relatively high field, superconducting magnet. Because the field is high (high
enough to erase bank cards and interfere with pacemakers and watches), the frequency
range needed to excite protons is relatively high. It is called a 300 (MHz =
megahertz, a hertz is a cycle per second - a frequency unit) spectrometer, referring to the
excitation frequency. The NMR on the second floor of park hall has a much weaker
electromagnet associated with it. It is a 60 MHz instrument. Since different NMRs have
different operating frequencies, spectra cannot be compared from different machines if they
are reported in frequency units. For this reason, the universal PPM (parts per million)
units are used in NMR. Please note the following relationship between PPM
and frequency. The fact that frequency and PPM are directly proportional
is all you need to. retain for.the future discussion and the course. in general.

peak position in Hz (relative to TMS)

chemical shift in ppm = spectrometer frequency in MHz




Now let us use these basic ideas to better understand and interpret NMR spectra.

1. Why do we see peaks? When the excited nuclei in the beta orientation start to relax
back down to the alpha orientation, a fluctuating magnetic field is created. This fluctuating
field generates a current in a receiver coil that is around the sample. The current is
electronically converted into a peak. It is the relaxation that actually gives the peak not the
excitation.

2. Why do we see peaks at different positions? Realize that in principle, a peak
will be observed for every magnetically distinct nucleus in a molecule. This happens
because nuclei that are not in identical structural situations do not experience the external
magnetic field to the same extent. The nuclei are shielded or deshielded due to small
local fields generated by circulating sigma and/or pi electrons.

To understand this concept better, consider a “run of the mill” hydrogen like that in ethane
or methane. When this sort of hydrogen is placed in a magnetic field, the sigma electrons
start to circulate. Remember : Magnetic fields generate currents. When the
electrons circulate, they generate a small magnetic field that happens to point in the opposite
direction to the external field. Remember: Currents have associated magnetic
fields. Since magnetism is a vector quantity (vector quantities have direction and
magnitude), this local field reduces the overall field somewhat. Therefore, the described
hydrogen experiences a reduced magnetic field. If we reconsider the important NMR
equation given on page two of this document, we can only conclude that the external field
is lower so the frequency of the electromagnetic radiation needed to induce the alpha to beta
transition is lower, Remember that frequency and PPM are directly proportional.
Therefore, if a hydrogen requires a lower frequency then it will show up as apeak at a
lower PPM value. Hydrogens like those in methane are at around 1.0 PPM in the NMR

spectrum.
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Now consider a hydrogen near a halogen as in bromoethane. This type of hydrogen is in a
magnetically altered situation as compared to the hydrogen in methane. The halogen atom
has the effect due to its inherent electronegativity of pulling sigma electron density away
from the hydrogens in the molecule. The effect is largest for the hydrogens closest to the
halogen atom.  Though the little local opposing sigma field is still generated next to the
hydrogens, it is partially pulled away by the electronegative bromine . Therefore, the
hydrogens experience less of the local field and more of the external field. In other words,
the vector in the vicinity of the hydrogen has been reduced as compared to methane. After
you do the vector addition you end up with a larger overall field (again as compared to
methane). So going back to the fact that field and frequency are directly proportional,
hydrogens near an electronegative atom should require a higher frequency to flip from the
alpha to beta orientation. Therefore, they should appear at a higher PPM in the spectrum.

3/9



Hydrogens like those in bromoethane should appear from ca. 2.5-4.0 PPM in the NMR
spectrum.

K A7 &Jf(/fam a%‘ ,(?rcw?tac,”z/;-f;'?

Now as a last example, let us consider the NMR spectrum of benzene. Benzene and
aromatics in general are very interesting because their hydrogens appear around 7 PPM
even though they have no electronegative atoms. Why is this so? It has to do with the pi
electrons.. Because benzene and its relatives are aromatic, the p orbitals at each carbon in
the ring overlap forming one continuous pi system. When the benzene ring is placed in a
magnetic field, the external field induces a current in the pi system and that current
generates a secondary magnpetic field. Once again remember that electric currents
have associated magnetic fields and that magnetic fields generate currents.
The secondary magnetic field is such that it adds to the external field in the vicinity of the
aromatic hydrogens as diagrammed below.

Benzene

If the local field is in the same direction as the external field, the resulting field is larger than
the external field. This means that the frequency needed to flip those hydrogens
experiencing that field is larger. Larger frequency translates into higher PPM position.

It is really interesting to consider 18-annulene diagrammed below. 18-Annulene is a large
enough ring to have both cis and trans double bonds. This means that some of the
hydrogens are pointing in toward the center of the aromatic ring. Reconsider the diagram
of benzene above. If you look at it carefully you will see that the magnetic field opposes
the external field on the inside of the ring!!! If 18-annulene is aromatic like benzene, the
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° inner hydrogens should absorb at lower frequency (PPM) and guess what they do - they
appear at -1.9 PPM!! Isn’t that neat!!

[18]Annulene-

So summing up, the different hydrogens of a molecule appear at different positions
becanse small local magnetic fields are generated when local electrons begin to circulate due
to the effect of the external magnetic field. These small fields either add to or subtract from
the external field altering the frequency needed for excitation. Some of the effects are due
to the circulation of sigma electrons while others are due to the circulation of pi electrons.
The pi effects can be the most dramatic as was demonstrated in the preceding examples.

3. What causes splitting?

‘ Many peaks in NMR spectra appear as symmetric patterns called doublets, triplets,
quartets, quintets, etc. ‘When you see these patterns it tells you about the number of

adjacent (usually on the carbon next door to that bearing the absorbing hydrogen(s)), but
different hydrogens. In simple spectra such as those we will be studying in organic
chemistry lab, the number of peaks you see is one more than the number of adjacent, but
different hydrogens. This is the so called n+1 rule. Different means that the adjacent
hydrogens have a different environment and absorb at a different frequency than the
hydrogens in question. For example, consider bromoethane (structure given below).

- /> /{IfAc’/ PP

for
Br=¢—¢-H = Jower PP
/
H H

Bromoethane has two different types of hydrogens so we expect two absorptions in the
NMR spectrum. One absorption corresponds to the two hydrogens that are closest to the
halogen atom. The other to the hydrogens comprising the methyl group that is farther
away. Based on what I described above with regard to chemical shift (the PPM value), the
hydrogens nearer the bromine should be at a higher PPM position. The hydrogens further
from the bromine should be at lower PPM position.
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Anyway, getting back the splitting, the hydrogens closer the bromine will appear as a
quartet because they are near three different hydrogens (the hydrogens on the methyl
group). Those adjacent hydrogens are communicating their presence to the hydrogens
being flipped. They are saying “We are your neighbors and there are three of us.” The
reason they are able to communicate their presence is that they are little magnets and as
such, they either add to or subtract from the external magnetic field depending on their
orientation. Since there are many protons in a sample, the following are the possibilities
for the neighboring hydrogens during excitation:

A =N

/”N
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Please note that in the above diagram the “a” hydrogens are the ones near the bromine being
flipped from the alpha to beta orientation. The “b” hydrogens are the three neighbors. As

- shown above, it is possible that a given “a” hydrogen will have three “b” hydrogens
nearby that are aligned with the applied field during excitation. It is also possible that the
three neighbors could be all aligned against the applied field. More probable is that either
two protons will be aligned against the field or two with the field. These combinations are
more probable because there are more combinations of the three nuclei that giverise to
these two possibilities. Since there are three combinations of each of these two, they are
each three times more probable than having all three adjacent nuclei aligned with or against
the field.

HO

Now let us think about what these neighboring, local magnets do to the overall field. The
“a” hydrogens that have all three neighbors aligned against the field have a lower overall
magnetic field. Going back to the fundamental nuclear magnetic resonance equation (see
page 2), you would conclude that these “a” hydrogens would have a lower frequency
requirement for the alpha to beta transition and therefore appear at lower PPM. For the “a”
hydrogens having three neighbors with all three “b” hydrogens aligned with the external
field, the cumulative local field adds to the external field. This resultant field is larger than
the external field so higher frequency electromagnetic radiation is needed to induce the
alpha to beta transition. For the “b” hydrogens near two nuclei aligned with the field and
one nucleus aligned against the field there is a slight increase in overall field leading to
slightly higher frequency requirements. Similarly, two spins aligned against and one
aligned with the field leads to slightly lower frequency requirements. So in the end the
“a” population is divided into four groups appearing at slightly different frequencies. The
intermediate frequency peeks are taller than the higher and lower frequency peaks because
they reflect more probable situations for local hydrogens. Hence a quartet is observed.

Now if you understand why the “a” hydrogens give a quartet can you figure out why the
“b” hydrogens give a triplet? Try to work it out using vectors as done in the above
diagram.
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o For simple systems like bromoethane, n + 1 peaks will be observed for a given
absorption, where n = the number of neighboring, but different hydrogens. This formula
can be very useful when interpreting simple spectra.
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The Interpretation of Simple NMR Spectra

This year we will abstract the following information from NMR spectra to determine
structures of products from organic reactions and isolations.

1. The number of peaks. The number of peaks is directly related to symmetry. If a
compound has three significantly different types of hydrogens, it should have three
different NMR absorptions. ’

2. The area under each absorption (the integral). The relative areas (or
integrals) of the various absorptions in an NMR spectrum equals the relative number of
hydrogens absorbing. If we know the molecular formula of a compound, we can use this
ratio to figure out the actual number of each type of hydrogen. From the numbers of each
type, we can infer the carbon structure. For example, with bromoethane, the relative areas
under the NMR peaks are 2:3. This tells us that there is a group of two hydrogens that are
the same and another group of three hydrogens that are the same. With your current
knowledge of organic chemistry, it seems most likely that the compound has a methyl
(-CH,) and a methylene (-CH,-) groups. In other words, the most probable way to have
three identical hydrogens is on a methyl group. The most probable way to have two
identical hydrogens is in a methylene group.

Suppose you have a compound with the formula C;H,,0 and you are told that there are two
NMR peaks, having the relative areas of 1:3. Can you come up with the structure of the
compound?

3. The splitting pattern. For this semester, we will be using the n+1 rule as it
applies to the simple structures we will be determining. You will see one more peak than
the number of adjacent, but different hydrogens. Therefore you can look at any peak and
automatically know how many neighbors there are. This is crucial information because if
allows you to start to hook atoms together in your structure. The problem is that people
often confuse integral with splitting. So you must always remember “Integral tells you
what is here and splitting tells you what is near” This means that the integral
tells you about the absorbing hydrogens and the splitting tells you about the neighbors. So
what does it mean if you see a quintet with an area of two in a spectrum?

4. The position of the peak or the chemical shift ( S ). This tells you about the
electronic environment (the electronic environment directly relates to the magnetic
environment) of the absorbing hydrogens. It will tell you if there are pi bonds or
electronegative atoms nearby, etc. There are nice tables available that organize how
different groups effect the frequency of absorptions and in lab you will always have these
tables available to you. Yes, you will even have them on exams. A good rule of thumb
when you are solving spectra is that the closer a hydrogen is to an electronegative atom the
higher the PPM position. This little rule only works if the hydrogen is two or more bonds
away from the atom. You will soon see the utility of this when you begin your problems
today. It is also useful to keep in your head that aromatic hydrogens absorb at around 7
PPM.

A few tricks of the trade that are generally useful for spectral problem
solving......

1. Always calculate the index of hydrogen deficiency or unsaturation number at the
beginning of a problem ( you will normally be given the formula of the compound).
Determining the unsaturation nurnber is very helpful in regard to knowing which structural
elements need to be present in your final solution. The unsaturation number is where you
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compare the actual formula with the theoretical saturated formula and compute the number
of pairs of hydrogens that are missing. This topic should have been covered in class by

now.

2. Itis a good idea to interpret your IR spectrum before you do the NMR spectrum so that
you have an idea about which functional groups are present in your molecule.

3. Organize your ideas about the structure of the unknown as you go along. For some
people it is helpful to set up the following table for the NMR data and conclusions. The
important part of the table is the conclusion column in which you are drawing a structural
conclusion about the absorbing hydrogens and their neighbors. You should write a
structural fragment down as has been done below for bromoethane.

ppm /nfc_qrc/
s | & 5])/'/51/175 Conclusion

16 |3 Vriokt | @llyychs
34| 2 Z‘aan[ff ~(H> CA/B

é> rear

eé:/ranfj&"?é’/l’
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4. You will notice as we do problems in class that we tend to emphasize and draw the

most information from the integral and splitting. Chemical shift (PPM position) in many

cases is the last point of interest. There are a few relevant chemical shifts that should be
interpreted immediately. One is the aromatic chemical shift. Aromatic hydrogens absorb at

ca. 7 PPM. This is a very distinct and characteristic shift and should be interpreted
immediately. If you observe a peak at seven chances are you have an aromatic ring. The

most common aromatic ring is benzene. Another very distinctive shift is that of the — ﬂ
aldehyde functional group. Aldehydic hydrogens appear at ca. 9 PPM in the spectrum. _if

you see a shift of nine PPM assume that you have an aldehyde functional group.

5. Solving spectra rapidly involves making good educated guesses. If you get an integral
of three there is really only one probable way to have three identical hydrogens - a methyl
group. If you get an integral of nine it is most likely three methyl groups that are the same
by symmetry. If you get aromatic absorptions, you probably have one or more benzene
ring#/ Always start with the simplest ideas and work your way toward more exotic

solutions.

If you want to discuss any of these please feel free to stop by.
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Figure 13.16. Nmr spectia for Problem 13.12, p. 435.
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