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SPECTRUM XVII  Proton NMR Spectrum of 2-Methyl- 192

o

I
3- (0-Tolyl)-6-Sulfamoyl-7-Chloro-

1.2;3,4-Tetraﬁydro-4(lH)-Quinazo- ' ® - ,
. © . linome (VI) in DMSO-d Solution

w N ' \\‘\ ) ' ’ .
' .(500 Hz scan) _ , - .

" SPECTRUM XVIII Carbon-13 Spectrum of 2-Methyl- 193 X
o .- 3-(o-Tolyl)l6—Su1famoy1—7;Chlorg- -
1,2,3,4-Tetrahydro-4 (1H) ~ . ‘ ‘

Quinazolfnone (VI) in DMSO solution o o

- »

(5000 Hz scan) ' NG

'SPECTRﬁﬁ XIX  Proton ﬁ;ﬁ’Spectrum,of Z-metﬁyl- 154
3-(2,4?6-Trime;ﬁy1pheny1)-6—Su1fahoyl-

\"/ 7-Cﬁlofd-1,é,3,4-Tetrahydro—4(l#)f\ , ' ( ‘ Z

* : : . " Quinazolinone (XIX) in DMSO-d SN N

= ' "

Solution (500 Hz scan)
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3_ARYL-2,3-DIHYDRO-4 (1H) -QUINAZOLINORE ° ™ - - - .

~ ' C,

&

ThlS research project was undertaken in order to obtaln

]

< -
El

the earbon 13 spectra of -a series of 3 aryl -2,3~dihydro- 4(1H)—
quinazolinones; The compounds investigated 2-are derivdtives
of 7-chloro-2,3-dihydro-3-phenyl-6-sulfamoyl-4(1H)-quinazo-~

linone. (I)

¥

»

Derivatives ;of { structure I are diuretic agents, some
of whith are used in the treatment of dlureqls natrinresis
and kalu;e81s The dluretlc act1v1ty is dependent on the .
#ﬁrlous substituents on, the quln%zollnone nucleus The highly.

active compounds have at'least one hydrogen in the 2 position,

[

a primary SOZNH2 in the 6 positlon "and’an ortho or para‘iower
t 1)

alkyl or CF..substituted aromatlc:rlng in the 3 position of

3+

,;théﬁquinazolinone nucleus 2 The diutetfc and matriuretic.

o’ &

"activity in quinazolinones ‘is reduced if

v A .
a) the size of the substituent groups at the'l position

4
o

et et 2 N 2 bttt 2R
»

g
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e
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activity. . ‘ :

<
v

‘5} and / or the second subst{kyent groups at the 2

position is increased from the normal H or Me

substituent (an exception to tL{f trend is the»}-iCSH7

.derivative). » | - |
b) . both H's in the 2 position are repléﬁed by a larger

group.

-

* ¢) ' an electron - rich group a to the 2 position is present_')

“(de. \2-‘cnzocn3) y

~

d) the ortho or para méthyl from the 3-aryl fing is re-
moved; chénging the alkyl.;ubstituent to the meta
position or adding alkyl gfoups into the ring.

e) the methyl group in the 3-aryl ring is replaced by an
elect;on withdrawing group: ’

f)  the aryl group in the 3 position is separated fromithe

quinazolinone nucleus by an alkyl*b}idge..

g) the primary S0,NH, groups in the 6 position is changed

.Y to either a 2° or 3° amide. ...

-

or

h), the 7-Cl group is removed or replaced with an\elactron-

donating group. ‘ ‘ : . ul
N0

v
- “
The kaluretic activity parallels that of the natriuretic

¢

a0

[ R,

In view of the pharmacological interest in the compounds

'éf the above type, it was considered that information on =

their stereochemistry might prove useful in aiding the under-

At

standing - of their biological activity,
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¢ N
‘. ,Their 'H and 3¢ WMR spectra show that the 3-aryl-2,3-
.dihydro-4(1H)-quinazolinones exist as mixtures of enantiomeric.
or diastgreomeric rotation;} isomers at normial tempefafures.

The steric interactions between the ortho substituent on the

RN

3-aryl group and the substituent on the 2 and 4 positions of
Lo

. the hetero ring in the 3-ary1-2,3—dihydro-4(lH)—quinazolihone

. . f .

(11) force the aryl group out of co-¥lanarity with the rest

of- the molecule in the cohformational grouhd state. ) >
: M _—_ ' T ‘

AN
- .

.
- v ~
'Y - . N sy,

5’ - |R1 2 .
L s c1 N R i h
; 3 ,
H,NO,S- T - ‘
272 0
T
II

]

The iéomers mixibe represented in the simplified form
by A, B, C and D. The drawings represent. a view of the

L4
molecule along the aryl C-N bond from the para position of
. _ .

o

the aryl ring. ',
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The . compounds may be clessified

categories, depéﬁding on the nature lof Rz,and R3?

\

If R4

(3

with identical spectra in achlral media. R, and R3 are

©

intoftwo stereochemi®3l

- -
. .

3 - .,
- N
N

-

e [

diastereotopic and, therefore, they w111 be ei?%cted to have
AT

different chemical shifts. Whe'% R, =
proton NMR is expected to show an AB
protons at low rates of rotation: 1f t
signiflcant.~The quartet should collg
rates of .rotation ‘on the NMR time sca

-

been observed by Fehlner'? for éompd

'
v

S

Ry = H(x#ﬁ).
quatrtet from these
he chemical shift is - -
pse to a 51nglet at’ high
le. Thle\behav1or has.

und II (Table II).

.
-

»

5 = 3 (X # H), the rptat101a1 isomers are, enantlomers

{'

-

"‘
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Y (2N

Ry =Ry = CHé'(X # H),  the proton NMR spectrum should \

S . consist of two. singlets and should tollapse to one singlet at

sufficiently high rotation rates. This behavior was observed
by Fehlner'? for compound I (Table II): The carbon-13 - el

. ~
spectrum should consist of two distinct peaks and was observed

for compound I (Table II). ' X \ ’ ‘ !
If R2 # R3 (X # H), the rotatiohal isomers are diéstero-

> mers and ,should give rise to &istiﬁctly ‘different.spectra at,
low rates of rotation. Such behavior has been obsefved in the

- present'series fEr éompounds VI, £} and X éf Table II. Since
the rotational isomers are ?iasteréomers: they are present in
uﬁeqpal concentration at eqﬁilibrium and the"tw? contributing

. [
spectra will be of unequal intensity.

The hetero ring of 3—aryl-2,3-dihy§ro-4(1H)-quinazolippnes
s should be flexible.. Conformational changes in the hetero éing
in response to éﬁénges in substituents are possible and should .
be reflected in the carbon-13 chemical shift changes.
I )
A proton magnetic resonance 'study of 3-aryl-2,3-dihydro-

4(1H) ~quinazolinones was initiated by Cblebrook6 and Fehlner 12

in 1966. The thermodynamic activation‘parameters for'restricteg
internal rotation about the C-N bond fof a number of

3-ary}r2,3—dihydqo—4(1H7:quinaig3inones were determine i
By complete lineshape analysis of the ﬁ erature dependent

P ,
. proton NMR spectra. The thermodynamic activition parameters

N ’
' ’

- [ |




'reflect the difference between the ground state rotamers and
the tﬁ}n51tion state. The present work deals with the ground
state rotamers. The 7-ch10ro-2,3—dihydro-&—phenyl-6—su1famoxl—

a(lﬂ)qquinaZOIiﬂbnes were supplied by Strasenburg Laboratories,

3

™~
New York (now Pharmaceutical Division, Pennwalt Corp.)

pY
.

3-ARYL-4(3H) * *QUINAZOLINONES !

A few 3-aryl-4(3H)- quinazollnones (III)«were,synthe31zed

for the present study in order to obtain information on the

S

effect of unsaturatiqn”on the carbon-13 chemical shifts.
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CARBON-13 SPECTROSCOPY

. ¢

i)

The history of the development of carbon-13 nuclear.

-

N\
magnetic resonance spectroscopy is” well documented in the

11, 29, 37, 39

literature. The following is a summary of the

relevant material: ' 9

2

\ o , a
Carbon—lB/gpclear magnetic resonance spectroscopy is

o
—

o .
‘rapidly becoming an everyday technique in structure elucidation. :

P,

The principles of carbon-13 spectroscopy are similiar to those

of‘the more,fgmiliar proton NMR spectroscopy. The chemical
shift and coupling constants of protons provide information
about the structure of many organic compounds. However its
usefulness is limited for two reasons: firstly, the center of Q%, /
interest in organlc chemistry is not the proton, but the
carbbnﬂskelepon. Secondly, numerous organic molqcules contain

nearly magnetically eqﬁivalent protons, thus produc%Pg over -

lapping signals; so that proton NMR provides littfe or no |
information about the carbon skeletom of such compounds. The

chemlcal shift range of carbon is approximately 200 ppm, due

( .
to the large number of surrounding electrons, while the range

PR .

for protons is only 10 ppm. Because of this large range in !
carbon chemical shifts, carbon-13 spectroscopy easily differ-
entiates between complex molecules which may differ only\in

the rearrangement of a few carbon atoms. Similarly, in a non-

13 13

C enriched molecule, the probability that more than one c

P A3 b st A BBt b s S8 ena o Ay
.
.

nucleus is presént is very small, hence, the effect of carbon-
. A .

- T



carbon spin - spin splitting is normally ¥nsignificant.
' o . ]
The first carbon-13 NMR spectrum was reported by

Lauterbur 27 in 1957, however this technique was not widely

- employed until recently, due to difficulties in detecting the

carbon-13 resonaﬁce signal. The lack of sensitivity was Mue
to tﬁe low natural abundance of the carbon-13 isotope (1.11%
as comparea to 99.9% for hydrogen). Another factor which
furﬁher lowered the sen§itivity of the c¢¥hon-13 experépent
was the magnetogyric ratio, y, which is about 1/4 that of the

hydrogen nucleus. The sensitivity of a nucleus in a magnetic

.resonance experiment is proportional to the cube of y, thus

a éngon-IB nucleus would giéé rise to 1/64 the signal

13

intensity of a proton nucleus upon excitation. In consequence,
the overall decrease in sensitivity in a natural abundance
carbon-13 experiment would be about. 10,000 relative to a

.

proton experiment.

@4

f?

The first break through in experimental carbon-13 NMR
came about in 1965, with the. development of wide band proton '

decoupling. In-a wide band préton decoupling experiment, all

4

" of the protons, in the molecule are irradiated at a high radio

L3

frequency (RF) power at theiﬁ)fesonance ffequencies.'Each non-

equivalent carbon atom will give rise to a single peak. The

~ added advantage of wide band proton decoupling is the increase’

in sensitivity as a result of the.multiplet collapse as well

as the Nuclear Overhauser effect. The disadvantage of this
w 7’ ) :




' ». 9
technique is the suppression of the valuable information for

assignments provided by the nature of the multiplets; Carbon-
13 spectroscopy was further advanced in the early 1970's by

employing pulse and Fourier Transform techniques. In the

pulse NMR eiperimené, an intense)RF field is applied to the

- sample and is' left on only a very short time. This strong RF

1

pulse excifes a finite bandwidth of frequencies as comﬁarad
to the decoupling experiment where oply one éxcitation at one
frequency is observed. The response of a sample to the
excitatlon is absorptlon of individual frequency components

by each nucleus. These’ frequencies, called precession

frequencies, are detected by a receiver. The pattern or inter- .
N
- ferogram detected by the receiver is called a free induction

decay (F.I.D.). An example of a F.I.D: is shown in Figure 1

mllhlg Jof oo
Ni# udt’!d“*"‘ t ﬂ °¢9° A bbb s sasarantriete et
g e

lw " J . ;_ W

. 7
!
\

FIGURE 1 (a)Free induction dgcéy and (b) frequency
‘ domain spectrum of (CH2=CH)4Si'(the small
*
triplet is benzene-dg solvent).
. 5 AN
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~ 'In ordex.to abstract the spectral information from the

. F.I.D., a mathematical operation, a Fourier Transformatian,
1s performed on the F.I.D.. The Fourier Transformation N>
abstracts all frequency components from the complex wave form

present in the F.I.D..

\ I
4

A detailed 'description of continuous wave NMR techniques

. ‘ and pulse and qurier Transform techniques and a comparison
10, 11, 22,

—

of the two technlques are noted in the literature.
28, 39 ' v

-

. The development of carbon 13 spectroscopy is illustrated

~

N in Flgures 2 to 4,

4

>
f \ \ -
| " ' ' ' vt ‘
FIGURE 2 CMR spectrum of pyridine. Chemical shiff scale
in ppm m{field from CS,. Spectrum obtalned
N without H decoypling; before 1958
A . 6‘ . i
N . ‘ o
T ‘;‘ " . . . h
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FIGURE 4 Fourier transform CMR spectrum of pyridine.
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bt Resonance frequencies for chemically non equivalent o o

- ot

LI

nuclei differ because ‘the magnetic field at the nucleus S

differs from the apnlied £ield The applied field, H , is

reduced by a ‘factor (1l -0 ), where 0 is the screening '_ o
'40 constant, to a value H ,gthe carbon- 13 magnefic field, due to

» Y

-the electrbns surrounding the nucleus. Thus :
f

s v s ! . 9 ' 4
=H (L -o0.,) 39 .
o B = Hy(L -0 .
- The screening- constant, T o is a function of the chemjcal .
~ N ) . C s . ' N i
environment of a nucleus. . ' . -
. ot ; :.“ ve < * : . .
/\ “ . N )\d\ . , ) N
, o :

o . s ' v, ' : hd
.

- ’ , 9 - . . ", - . )
. - Components the Screening Constant . . S
; . . o, . " Q . . .
- ¥ oL I -3 . 36 P F
: s '~8aika and Slichter have divided th -
PR
- O i . : T K
. ' ', T'constant into three components. .. . ) ,
. P | ] : J . - .
: , 0 =0, 40_+0 ‘
_ , L, c: . d n - p

v ‘ ‘ ’ / P v\ M ; ' ' |

] ~ where 4 is the diamagnetic term, L the neighboring atom

Moo " term and 0_, the paramagnetic term. .

IS o P - R

t T ) . : ¥ - \ . , |
- . - . The diamagnetic term, d’ results from the circulation
pf local .electrons induced by the applied field about the \
,Q - i
,'.‘/ T, nucleus being con81dered The value Ud' is computed u81ng -

. . Lambxs formula25 - L D o -
N ) L a . R ’ ’ , > . ‘ . . .
* - .\ 3 [ ) . .. . ' .




" state desgription of the molecule.

.
N *
.

2 . . 5

° a4 ————7{<r l>
: 3me” .
3 ) -Pa
> - . ' o T L
where e is the electron charge, m is the mass of the electron, S

¢ is the velocity of light, aud ri_1 is the reciprocal of
the dis&ance from the nucleus of interest to’the overall
eléc:;ons. Slater atomic o;biQal dalculations have shown th;t
Ehe influence of gy.on the va;iation in shielding of the
cafbon nucleus of interest is negligiable. 36 o L
The;neighboring atom term, O arises from fhe circul-
ation of electrons on neighboring atoms and specific aniso- »
tropic groups. The :nisotropy term is dependent oﬁly on the

spatial relationship between the Zfucleus whose shift is being

considered and the anisotropic gr’ou_p. 28 This term is .

dependent on the geometry of the molecule and remains (”

essentially constant regardless of the nucleus being considered.

Although‘on makes little contribution to the overall shield¥ng,
: N

it is importaht in stereochemical analysis. .

&

t .

THe pﬁgncipak factors affecting thedparamagnetic term,

(3 = ' .
S — . . . . .
op, dte charge polarization, variations in the 7 bond order
\

- . .
and the average excitation energy required for the magnetic

field to ﬁ;x higher energy paramagnetic levels into the groundl

39 4
Kanplus and Pople have

/

/ * -
demoqstrated that tRe parapagnetic term is the dominant faCto§

governing carbo;§%3 nuclear shielding.'21 %Thls term s
LN R - ~, .
. ' SR !
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' - light, AE is the'mean. excitation energy, <r

. ///ﬂ\‘fs a. prime example of this additive relatlonship

eomputed using the following formula:

2,2

e"h -3
- b o, e
2m“c“AE N 2p AB

, where e is the e;ectron charge,:h iéiPlanck's constant divided
= by 2m, m is the mass of the electron, c is the velocity of
: / ’ _3>2p is the mean N
inverse cube of the aistahce from the nucleus for the carbon
29 atomiclorhital, and QAB is a term containing the, elements
of chdrge density and bond order in\the MO descrigtion of the

unperturbed molecule. arises from an induced current flow
P AB

.on A, becaus the appl{ed field acting on B mixes in certain
L

¢ exc ted elec onic stgti;g/ﬁones and Grant 20 have demonstrated

that AE is e dominan ctor affecting op

“

1 ‘ A /

‘ Hydrocarhgp Shieldings

.

The carbon-13 spectra of a wide'variety of compounds /7A

~have been reported -in the literature. 3, 28, 32, 37, 39, 40 43

The.chemlcal shift values within a related series of" compounds

tend to follow additive relationships. 12 a v\

The detailed study of linear alkanes by Grant and Paul 13

Methyl substitution of hydrogen atoms in the a or 8 position

produce a downfield shift of about 9 ppm; whereas methyl
1

* ‘,.' L '

1]

+ . - <«




. ‘ ' 15
\ ! ( ]

substitution y, causes an upfield shift of about 2.5 ppm. The
‘ deshieldingsof o and B positions are mainly induced through

bonds, while the y effects operate through space. Methyl —_

substitution of hydrgéen on remote regions in alkanes have

-

dittle effect on carbon shifts.

o

The Carbonfl3 chemical shifts of the alkanes obey Grant-

\Paul‘13 additive relation: \ 3 ‘ ' )
: ' i_ .
. o, = B +§ ARy \

/-

th

where Je is the *shielding of the i~ carbon, Aj is the

additive shift parameter, nij is the population factor and

B is a constant which qorreéponds to the shielding of the

parent compound.
<

-

]
This relation cannot be generalized to other organic
structurgs due to the various differences; namely, steric
effects, 7 electrons involved in ring currents, the presence

of héteroatoms. The substituent parameters for a family of

!

compounds are valuable in structure elucidation where infor-

-y . 0 . !
mation on steric and inductive polarization can be rational-

ized by stereochemical assignments.

. {‘ o
al
L.

» .-

" The shielding effects of the following four factors can

be ihterpretedlghrough stereochemical assignments.

\ T -
.
' <

Steric interactions are due to the change in the polar-
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. . ' o . ' e
ization of the carbon®atom resulting from through-space

repulsive interactions: Methyl cyeclbhexanes illustrate Steric .

interactions:

, The chemical shifts of stericall perturbed carbon atoms ’

atom becomes more shielded.: .

- N |
<3 -
¥ -

. Conjugation effects resdlt from the decrease in electron

defigiengy at the carbon atom due to the electrons released

from conjugated 7 systems, This effeet is 'well illustrated by

carbonyl derivatives, for example, 3,27

n

cetgne and acetophenone.

—

\

¢

- ) .
) . CH3E CH3 . . " "“CH3 . 4
5 : ; )
| CH . ” d
§,°"3 = 28.1 ppm . 6, M3 = 24,9 ppm
. ' Y

L]

.C=0
L = 204.1 ppm

O
i

c 196.'9 ppm «

!

~

.
PN

.




The carbonylfparbon signal in acetophenone shifts upfield

" due to the.increase in electron density caused by delocal-
“ization of the m electrons from the phenyl ring. The methyl
¢arbon signal also shifts upfield due to the reduced electron
withdrawing effect of the carbonyl grouping on the carbon -

methyl bond, thereby reducing the polarization of the bond

o

and increasing the electron density at the methyl carbon

qpucleus. ! . \'
N A

The inductive effect results from substitution of a
nucleus other than hydroéen on a carbon atom. The effect is
dépeﬁdent onfqhe electron releasing or withdrawing ability of
the substituent and the polarization'of the bond between the
carbon nucleus and the“substitugnt. The chemical shieldings
for methane, bromo, chloro and fluoromethaﬁe are -2.1, 10.2,

25.1 and 75.4 ppm respectively. %9 Ihcreasing the electro-

negativity of the substituents causes the carbon atom to be k”?

deshielded; thereby causing a downfield shift. An increase in
the. electron releasing ability of the substituent shields the

carbon atom, thereby, causing an upfield shift as in the case

39

of methyl iodide 8¢ Hy = _20.5 ppm. Reélacement of « and B

hy&rogens with methyl groupg/in alkanes cause a downfield

~

shift due to the polarized C-C bond. 3? Similarly,&replacing,v
a ‘directly bonded hydrogen with a methyl group in carbonyl
compounds reduces the polarization of the 7 bond towards

" oxygen and’causes a downfield shift of the carbonyl carbon.39
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[N
1 - Y

o

s

CHy—C-—H GHy-C—CHy |
0 ' | b
Gcc§o = 199.6 ppm ¥ 6,00 = 205.08 ppm -

- N 1
v

" » Qh‘\‘
TQe majority of carbon-13 shielding values are obtained

« Y~

[P S

~ from measurements in solution. The conﬁribution which the

°
solvent can make to the shielding of a/carbon atom must be
- .

JRTa

A '

. considered. The shieldihg contribution of the solvent may be

expressed as;4 t

7
et me g, b 10 e w®

%y to, +o, + Og N

.

) t —1
%solvent

s

where Oy is the contributiaé to screening which is proportional

to the bulk magnetic susceptibility»of the medium, oy is the
anisotropy in molecular susceptibifity of the solvent ;
molecules, O is due @ Van der Waals interaction between the.
solute and solvent and O 1is the polar effect on the elec-
tronic field due to the charge distribution in neighboring

solvent molecules. It has been shown that S, and.cE are

dominant factors influencing the carbon-13 chemical shift.S’BO’Bl

K N

‘Overhauser Effect

L3

' - . N . b '
/ . ' . o
_ The Overhauser effect, or’ Overhauser enharnicement, results

\

from decoupling of the protons oun neighboring carbon atoms,

Saturation of "the neighboring protons give rise to & non-

equilibrium polarization of the carbon-13 nuclei, greater

e

than 'the thermal value, anH\results in an increase in the




observed signal strength. The magnitude of tthe Overhduser -
\

enhancement depends on the nature and environment of a’

. £ X )
specific carbon atom: The enhancement may var}hﬁor carbon
dtoms in the same molecule to a maximum of a three-fold
enhancement being observed for a carbon atom substituted by
protons. Fy ) \ . .

» : \‘\
The theoretical value of 2.98 for the Nuclear Overhauser

Enhancement agrees with the experimental vglue of 2.98 + 0.15

based on a dipole - dipole relaxation mechénism.15 Taking in--

‘s . . 19
to account competitive relaxation mechanisms, Jones et al =~

have developed the following equation for the ratio of

relative intensities for a given carbon atom:

; J —%—6 = 1+ {ayy/2y (e + x)} '

| G A

where rgH is the distance be{ween the directly bonded carbon

Ll

and proton nuclei and X measures phe relative contribution of

all other relaxation mechénisms. As illustrated above, the

Overhauserxgnhancement will depend on the C-H separation when
. T RN

competing mechanisms are present. N
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EXPERIMENTAL . -

s The 2-methyl- 3 aryl-4(3H) - qulnazollnones were prepared

by an adaption of the Klosa Method. 23, 24 Compounds XXIX, -

»

XXXII and XXXIII are reported by Klosa, 23 however the melting

point found for XXXIII differs considerably frdm that reported
» ) ! )
in the literature. 23

N

The preparatory séheme of the 2-methyl-3-aryl-4(3H)-

quinazolinones is shown below. ‘ \
' \
? o . NH, - i
N \\('E/CHE! CH3 ,
+ \
. c~OH -H,0 7
N g - ’ ‘
. Pprimary -
- N-acetylanthranilic aromatic
acid amine

]

-

\,/CH
-H 0

N

’anilamide
~ (not isolated)

2-methyl-3-aryl-
4(3R) - qulnazolinone

i , +
“ ‘, N Hzo . ;

*
ot s e b+ b s o1 2 e B A SNt 2% X

o P
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21 ,
. ‘// * ‘ . ii
Anthranilic acid and glacial acetic”acid can be used as P

precursors to this reaction instead of N-acetyl anthranilic ° " »

o e At

acid, however yields are greatly reduced.

, .

. . . E ' S
N}acetyl anthranilic acid or anthraqilic acid and glacgal‘\ .

acetic acid were employed as the precursors. Reaction, of j

eichef‘of these compounds with the appropriate priméry aryl

amine was carried out in the presence of polyphosphoric acid

(PPA). The reaction was carried out under anhydrous conditions:

‘with the reaction temperature between 160° and 180°C and the

reaction time between 30 and 60 minutes.

L]
v

-

" The compounds wetre recrystallized twice from-methanol -
water and were identified by elemental analysis and proton
NMR. DMSO-q6 Yas the solvent 'used for all profon NMR spectra,
which we;e determined at 60 MHz using a Varian A-60A instru-
ment. %blting points were measured on a Gallenkamp melting
point apparatus and wefe uncorrected. Elemental analyses were

performed by the Organic %iﬁfgan&lysis Laboratories, Montreal.

[

Yields were calculated relative to the aniline.

) : . !

|
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PREPARATION OF 2-METHYL-3-ARYL-4 (3H) -QUINAZOLINONES

4

/Z-MethyI-B(b-Tolyli-A(BH)-Qﬁinazolinone’(XXlX)

‘N-acetyl anthranilic acid (Aldrich) (6.98 g, 0.039 moles)
‘was mixed with o-toluidine (B.D.H.) (3.9 g, 0.037 moles) and
polyphosphoric acid (40 g) in a 250 ml round bottom flask,
fitted wifh a thermometer, drying tube and stirfer. The

¥

reaction mixture was heat:d to 180 °C with stirring, and kept
at that temperékure for 30 minutes. After cooling, the solu-
tion was poured into 200 ml distilled'wéter and then neutra-
lized by ﬁhe addition of 207 sodium carbonate solution. Upon
neutralization, a brown viscous o0il formed, which solidified
upon cooling overnight. The crude product was recrystallized
twice from methanol - water to yield 4.7 g of yellowish brown

crystals that were then dried under vacuum.

]

Yield: , 4.7 g (50.8 %)

Melting Point: 111 - 112 °¢ (rit. 2324113 - 115 %) -
1y NMR Data: Methyl proton on 3-aryl or methyl on C-2
. 2.03 ppm (singlet) ‘
Methyl on C-2 or methyl proton on 3-aryl

2.10 ppm (singlet)
Aromatic protons 7.33 - 8.20 ppm (multiplet)
Spectrum I

13; NMR Data: Tables VIII, XII, XVIII and.XXIV

AN

Spectrum II
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The procedures were the same for the preparation of the

followinIZ-methyl-3-arylr4(3H)—quinaz&}inoﬁes. s

. .
w -~

ol -

e / R . /-

f ‘7 0 « ' -« 7
2 Methyl 3(2\i Dlmethylphenyl) h(3H) Qu1nazollpqne (XXX)

Starting Materi&ié\ N- acetylanthranlllc acid Aldrlch)

‘ * (6.98.g, 0.039 moles), 2,5-dimethyl aniliﬁe
LA (Eastman) (4.73.g, 0.039 moles), polyphosphorlc

. acid (Baker) (40 g)

Yield: .- 5.4 g  (52.4 %)

| 'Melcing/"goint; 101 - 103 &
1H Nﬁ%/Défa: Methyl protons on 3-aryl- I s
’ ST 5-methyl 2.00 ppm (siiglet)'
\~  _ % 2-methyl 2.13 ppm (singlet) :

INE R T F'd

%, 'C-2 methyl 2.37 ppm (siqglet)

N,

J

Arfmhtic protons 7.28 - 8.27 ppm (mult1p1et9
Spectrum II; \

i

Elemental Analysis: % C \ H . . TN
Cglculated:  77.25 6.10 10.6¢ |
Found: 77.26 6.77 -~ 10.28

13c NMR Data: Tables VITI, XII, XVIII and XXIV |

Spectrum .IV ' ‘ \ =

2-Methyl—3(gL4,6~Trimethylpheny1)—4(3H)-Quinazolinone (XXXI)
v" ; v 1
. “Starting Materialszq Anthranilic acid (Baker) (7.0 g, 0.044

moles), glac1al acetic acid (Baﬁer)l(a ml),

TN e 2,4,6- trimethyl aniline (Aldrich) (3 3 g 0.039

<

1

moles), polyphosphoric acid (paker)‘(40 g)

w

ot s anrm b, P At S
» 2
.

kR
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L o n o 24
B ' .
. Yield: 6.7 g (61.8.%)
Melting Point: 96 - 98 °C .
1H NMR, Data’ Methyl protons on 3-aryl
. EE 2 & 6-methyl  1.97 ppm (simglet) ° *
T " ﬁ-methyll l 2.0} ppm’ (singlet) :
) oo Cc-2 @chyl 2.33 ppm (singlet)’
| ’ Ayomatic protons 7.08 - 8.27 ppm (multiplet)
Spectrum 6: -
Elemental Analy;is:, % C %H % N
N Calculated: 77.86. 6.41 9.94
. 0 Founé: 77.67 6.51 10.06
13¢ MR Data: Tables VIIT, XII, XVIIT and XXIV
\q§pectrum VI

! N

1 -
{
A}

N

b1

23Methyl-3(4-Cﬁloro-Z-Methylphenyl)-4(3H)-Quinazolinone (Xxk{i)

.Starting Materialgs  Anthranilic acid (Baker) (7.0'g, 0.044 .

o moles), glacial acetic acid (Baker) (4 ml), ‘f

> 4-chlo§o—2-menhyl aniline (Eastman) (5.53 8,
, 0.039 moles), polyphosphoric adid (Baker) (40 g)."
Yield: b g (39.6 %) - o

Melting Paint: 106 - 107 °c (Lit.?3 105 - 107 °G)
1H NMR Data: Methyl on 3-aryl '2.05 ppm (singlet)
C-2 methyl 2.12 ppm (singlet)
* .. ‘ .

L

Arpmatic protons 7.50 - 8.27 ppm (mult;pleé) .

Spectrum VII

!

13

C NMR Data: Tables VIII, XII, XVIIT and XXIV

PR
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° 13 NMR: Data; Spectrﬂb VIIIl

. .
.
L) * ~—
R o ' ' .
A - “
. .
,

s
S
] R .
B ®
-

i . X SR S g o ~ | —‘ .
‘5v~ ZCMetHYI-B(5-Ch}qro—Z;MeébylﬁhégyL)—4(3H)-Quinazolinone
;- (KKXIII) - o
i c Sta;ting Mgteriglg: MAnthranilic acid (Bak?r) (7.0 g, 0.044
§ ) ' moles), glacial acetic, acid (Baker) (4 ml),
i ~5-chlo;o-2-q$thyl aniline'(Eééfﬁan) (5¥53 g,
% Tl " 0.039 moles), polyphosphorie acid (Baker) - .-
| : wog e o ‘
vield: ' 5.40 g, (48.6 %) o -
. ri;n“ing Point: 140 - 142 °C (Lit.23 14 - 1i6 °c)
~ ' gy mmr Dgfa:. Methyl an 3-aryl \?.03 ppp (singl€;5 )
o C-2 methyl : ‘ 2.13 ppm (singlet)
! ) ‘ ' Aromagié protons 7.50,- 8.27 ppm (@uitiplet)
é . Eleﬁentalfﬁnalyéis: | ’ % C ) %H 2N e
| | - Calculated: \67.’49 461 9.68 -
: Found : 67.53.  4.80 9.8%4
D1, 3¢ ¥MR Data: .Tables VIII, XIT XVIIL and xXIVE 4
‘ o A . : o
. N = ) ‘ | f\ .
. Z-Methyl-a(s—chlorofz7gethylphgny1)eQ(3H)-Q,?nazolngne ,
S (RTID) e '
v e co Ca o o
. . Altérnate Procedure. ’ , N
.. starting.Materials: N-Acetyl sfithranilic acid (Aldrioh)
. '_'“ | )j\ L :(§i98 g, 0i03§“molgs), S-thégo—z-methyl
o * anildne (Eastman) (5.53 g, 0.039 moles),

PEPI D

.

B

-
Ty




' a

| | pblyphésphoric acid (Baker) (40 g) <r\*\\\\\ |
; Yield: 6.00 g (54.1 : “

! R
‘1 . 'MEIgihé PSint: 140.- 142 °c X\\\\ N
/; _ N t 1H NMR.bata; Methyl 3-aryl prétons 2.03 ppm (singlet)' | .‘ i
& ‘ | C-2 methyl . 213 ﬁhﬁ (singlet) ‘
5 i Aromatic protons 7.50 - 8.27 ppm © (multiplet)
% © | Y ﬁPeétrum IX ) : ﬂp;%
{ 13 ¢

C NMR Data: Tables VIII, XII, XVIII and XXIV
3 \

E e’ Spectrum X ) | |
4
, ‘ : . %‘ B . - ‘
. !
f
i

ATTEMPTED PREPARATIONS OF Z-METHYL;S-AiYL-4(SH)-QUINAZOLINONES

4 *
.

-
)

N

!‘ 2-Methyl-3(2,4-Dimethylphenyl) -4 (3H) -Quinazolinone . o

N-acetyl anthranilic acid (Aldrich) (6.98 g, 0.039 moles)
was mixed with X4-dimethyl aniline (Eastﬁan)‘(4.73 g, 0.039
- <~ moles) and polyphosphoric acid (Baker) (40 g) in a 250 ml
. | round Botto; flask, fittéd with a thermometer,-drying tube
and stirrer. The reaction mixture was heated to 180 °C with
stirring and kept at that temperature foir 60 minutes. After
cooling, the solution was poured into 200 ml distilled water
' N N 3

and then neutralizéd by the addition of 20% sodium carbdnate

solution. Upon neutralization, a brownish yellow tar formed.

[TV SRR

Thi tar did not solidify'upon'prflonged cooling. The tar was . !
. “ & ’ .*
separated from the solution and attempts to crystallizé the,

produdt failed. A i

‘.V : X Q . ’

1
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~.

The pfeparation of the following compounds were attempted*

in.the manner outlined for 2-methyl-3(2,4-dimethylphenyl)-

4(3H) -quinazolinone. AN ( )

2-Methyl-3(2,3

-Dimethylphenyl) -4 (3H) -Quinazalingne

. . ‘ : »
Starting Materials: N-acetyl anthranilic acid (Aldrich)

Yield:
Melting Point

* 11-1 NMR® Data:

" 2-Methyl-3(2,6-

(6.98 g, 0.039 moles), 2,3-dimethyl aniline

(Eagiman)”(4.73 g, 0.039 moles), polyphosphoric ‘

acid (Baker) (40 g)
3.10 g (30.07 %)
158 - 160 °C  (Lit. 23 156 .- 158)

The 'H NMR sfectrum did not conform fo the

expected spectrum.

Expecfza 1H NMR Data:

Methyl 3-aryl protons . 2.14 ppm

8§2 methyl 2.19 ppm

Aromatic protons 7.10 - 8.00 ppm N
N ) . .

Dimethylphenyl)-4(3H) -Quinazolinone

?

(3 L] “
Starting Materials: N-acetyl anthranilic acid (Aldrich)

Yield:

- " Melting Point:

1y NMR Data:

(6.98 g, 0}039 moles), 2,6-dimethyl aniline
(Eastman) (4.73 g, 0.039 moles), polyphos-
phoric acid (Baker) (40 g) '

5.30 g 45%.4 %)

135 - 137 °¢  (Lit.23 134 - 136 °C)

The;IH NMR spectrum did not conform to the

>
e R A . e TN i A A s A = s s
N .

R
(=3

R




o -
-

: , \ expected spectrum,

1y NMR Data:

[

Expected

~

2.19 ppm
C-2 methyl 2.14 ppm )

Aromatic 'Ms 7.10 - 7.9(5 pp;n v

Methyl 3-aryl protons
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NMR SPECTRA

The 1H NMR ,spectra of 3-aryl-2 ﬁdlhydro 4(1H)-quinazo-
11nones and 3- aryl 4(3H) -quinazolinones were_ taken on a

Varian A-60A, 60 MHz spectrometer as concentrated DMSO—d6
solutions. i '

it
|

13

The ““C NMR spectra of the\compounds were taken on a

Varian HA 100, 25.1 MHz spectrometer as DMSO solutions. Methyl
. |
Iodide solution was employed as the external standard and

lock signal./ ;*

) , \:
The chemical shift wvalues for\both lH NMR and 13
' \

reported as ppm. from TMS. y .

¢

13

A gample of the 1H NMR and ““C NMR spectra of a 3-aryl-

2,3-dihydro-4(1H)-quinazolinones are shown in Sﬁectra XIII to
XXII ,
. L Y

1

In the "H NMR, the protons.in the qhinazolinone ring are

found. to absorb between § 6.87 and § 8.23 &ith the proton in

\

the 8 p081t10n of the qulnazollnoqg rlng absorblng at the

highest fleld {6 6.86) of the aromatic ptqgggsw\Hue to the

-effect of the aggacent chloro and sulfamoyl groups. The

proton on C-5 is deshielded due to the sulfamoyl and carbonyl

éroup‘and(appeérs between § 8.22 and & 8.46 .. - \

A

The proton oﬁ the N-1 positian absorbs between 6 3*§0.

“

N
C NMR are, -

-




and 8§ 4.27. When a methyl group is in the N-1 position, the
i N-Cﬁé prbtons absorb between § 3.04 and § 3.10. The sulfamoyl

group hydrogens appear as br‘ peaks absorbing between § 7.8

- [

and §-8.56.

/

13

In the C spectrum, the highest field absorptions are’

usually caused by the N-3’o-tolyl carbon, while the lowest

|
field absorptions are due to the carbonyl carbon.

- -,‘dl“‘f'"w‘"*..*

1 13

Examples of the "H NMR and "~C NMR spectra of 3-aryl-

- 4 (3H) -quinazolinones are shown in Spectra I to XII.

In the 1H NMR spectrum, the highest field absorptions
are usugily caused by the C-2 methyl protons absorbing
)/ between 6 1.19 and § 1.69. The, tolyl methyl protons usually

JAbsorb in the re%ion from 6 1.76 and 6 2.30. However, the

| on the C-2 or N-1 pzﬁ}eion. »

\ v ’

' ! i 30‘

~ 1

chemical shifts of ébese protons are affected by substitutibn

A e Tk a e et BT Taed
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INSTRUMENTAT ION }
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~

The Pulse and Fourier Transform NMR Spectrgwbt_er

The Concordia University Pulse and Fourier Transform
Nuclear Magnetic Resonance Spectfqmét;er is a modified Varian
HA-lO}D unit. Before modification, the instrument was equipped
with a Varian continuous wave (c.w.) Carbon-13 accessory o
operating' at 25.12 MHz. The V—3512'Hetéronuc1ear Decoupler

(100 MHz) and the V-4311 Transmi'tter-Receive'.r Units (in some-

" what modified form) have been retained in the Pulse Conf.igur—

ation. Only switching and filtering cif{c}uitry‘and the radio

frequency and audio frequency sources have bgen retained in
. Ay
‘\

N

-

the V-3530 Wide Sweep’Uni\t. |

R4

Pulse Generation, Timing .and Control Logic

The Pulse Spectrometer is built around a Tektronix 2600’

series ‘Modular Pulse and Timing Control Unit. This unit

-

N . SO S 3 Ve 25 ek Ak . e B At i ot bt e o 2o
.
N - "

consists of a 2601 Main Frame and Power Supply, two 26G3 Pulse
Genera’tors, a 26Gl Rate/Ramp Generator and a 26G2 Ramp .
P

‘Generator. The two remainifxg slots are filled with custom

©

b}bi'lt circuits (filtering circuits and ‘blanking amplifier) ‘

~

built on standa dlplug in kits. Interconnection between units

is carried out by means of a standard intérconnectign board.
, : - ’ .

”

/

L A

~

~ &



Radiofrequency Pulse Control

i . . |

The length of the r.f. pulse (<90° for normal operation)
is controled by a 26G3 Pulse Genergtor. Thq\output pulse

(+1 volt) from ‘this generator is employed to sw1tch a D1g11ab

\ 200-2 Pulser (gated power amplifier) which gates and amplifies

the r.f. siépal from the 25.12 MHz Transmitter and directs

the pulse, train to the probe. In typical operation, 30-40 uéec.‘

pulses are employed at a repetition period of 0.8-1.0 sec.
The 26G3 unit is triggered by a 26Gl Rate/Ramp Generator at
the start of its delhy Yamp.

i

A Y

R.F. PuLée Interval Timing
! ,' The delay betWeep pulses is set by means of a 26Gl Rate/
- Ramp‘Generator operating in the triggered mode. Tﬁe genégétor
is triggered from the signal obtained by summing two audio
- : oscillator outputs in a sumﬁing circuit (see later). By this
' means. fhe r.f. pulse is triggered at a constant phase angle
with respect to both audio frequencies which are the reference
frequencies\for the two audio frequency pﬁase detectgrs:

™

The 26Gl puts out a triggered pulse at the start of its
delay ramp (i.e.‘immediately it is triggered). This pulse
. triggers the 26G3 Pulse Generator (see above) which controls

- the Digilab 400-2 Pulser (gated power amplifier) and also

&




33

.triggérs tﬁe 26G2 Ramp Generaﬁor which controls.the computer
starting and blanking timing. "When the. 26Gl delay 'ramp has
been completed, the unit feturns to the correct configuration
for being re-triggered as the two free-running audio |
pscillatofs’reach the relative phase angles which result in

‘-the maximgm algebraic sum in the output from the audio |
frequency sﬁmming circuit. The 26Gl cannot be re-triggered
until the delay ramp has ended.

~ The delay between r.f. pulses can be conveniently‘con-
trolled by means of the’Ramp Duration and the Duration Multi-
plier Controls on the\26Gl. Typically, the delay is set at{

0.8—1.0 sec.
' e N ‘

The Computer Start and Receiver Blanking Timing

It is necessary to delay the St‘i; of the data acquisitiom-
p

by the computer until after.the r.f. lse has ended, and the
receiver electronics have recovered f;om any overiéad which

_ may be present. Receiver overloading(may be minimized bz
switching the.éeceiver off ('blanking') during and immediately
after the r.f. pulse. The necessary delay is provided by a
26G2 Ramg gengrafbr, operating in the triggered mode. The
trigger signal is proQided’by the 26G1l Batq/Ramp Generator

immediately it is triggered. The delay is normally set at -

1
> 100 pysec.; i.e. larger than the normal pulse lengths.'The

Ty



/ ’, 34 ’—’@—(
* gtart of the delay is synchronous with the start of the pulse .

(from the 26G3) controlling. the Digilab Pulser.:

/r~‘_‘\7 The 26G2 puts out a ramp voltage (0-1 volt), used to
" trigger the second 26G2 Pulse Generator (used to start the ;

-computer), -and a +3 volt gating signal, of the same duration

¢ .
- .
} as the ramp signal, used to switch the blanking amplifier.
b § , -
% . .
P ) [
x Computer Start Pulse ‘
. . : \
- . , ;
- " The computer.start pulse (40 psec. duration) is put out g

~ by the second 26G3 Pulse Generator, operating in the preset

et

1 voIﬁ level triggered mode. This unit is triggered when the

ramp level from the 26G2 Ramp Genetator rises to:l ygit. Ihe'

-
c v e

output pulse is directed to the interrupt input on the D/A

. by
Converter card -in the HP 2114 A Computer. At the time this
pulse arrives, the computer is in a loop awaiting an {nterrupf

from the D/A cayd. Immediately she interrupt occurs, the

computer may start acquiring data. A further delgx\in the start

>

of the data acquisition can be provided by computer software.

¢

N

Blanking Amplifiex

The blanking ‘amplifier is a custom built unit mounted

on a standard plug in unit for Tektfonix 2600. In addition to -

~ : . . J
1 . t




‘detectors (in the lock and analytiéal channels) .

‘summed coherently by the computer. Two approaches have been

‘this means, the transient/signal ratio is significantly

providing gain, it switches off the audio frequency output

from the V-4311 r.f. Receiwer during, and immediately
following, the r.f. .dulse. The output from the blanking

amplifier is directed to the two audio frequency phase

. . . ¢
. ‘ o v
Switching is carried out by a DG 139 BL integrated '

circuit. Switching transients cause problems since they are

taken to minimize the amplitude of these transients. First,

the switch is precedéd by a; uA741°Qperati<5na1 an‘lplifier‘,( in

order that the switch sees a Karge signal with peak to peak
amplitude near' its 20 volt limit. The signal following the
switch is then attenaned by means of a voltage divider. By

"
attenuated. Second, an unused switch position in the DG 139 BL

is connected to the 1nverting input of a second pA741,

operating as a unity gain differential amplifier and follow1ng .
the ‘DG 139 BL. Thus the remalning switching transients are:

largely cancelled out.

R.F. Transmitter o .

\ '

The Varian .r.f.‘transmitter (25.12 MHz) has beén changed

AL, D e

slightly from its original configuration. The ‘Attenuator/

Maximum switch, which is norm%ally locked in the Attenuation
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position Has been replaced by a .Q'Witch to facilitﬁte the

change between pﬁlsed and c.w. modes of operation. This
switch directs the ti:ansmiﬁ:ter outputy'reil.th'er directly to the
probe (c.w. mode) or to the Digilab Pul"s.er (Sulsg mode>. The

transmitter is normally operated with 10 DB of attenuation.

R

R.F. Receiver - \ _ - % .

- < . Q
The receiver section f the Varian V-4311 has been ”

S i st T

modified so that the r.fl.° pulse detector may be bf-passeci and

1 - v

. .
replaced by a broad band phase detector. The i.:%. (intermediate

frequency) signal is taken from the end of the i.f. strip to

J302. A Relcom_Mlé Double- Balanced Mixer is employed as a pl’}ase

_detector, the signal being taken from J302, and the 5 MHz

reference voltage from J103 of the V-4311 unit. The detected

[T SO

soutput from ther MIC (audiofrequency signal) is fed to the

Ll

- blanking amplifier (see earlier).

~ jf _ M
I - . . Lot , \ ‘}’
‘ ‘. ~,«fl’ \ Py . - .
Digilab 200-2 Pulser n

# . ' . | |
" This unit operates a$ a high power ga%amplifier,
switéhing the low level r.f. signal (25.12 MHz) from the

V-4311 transmitter,. and amplifying the resultant r.f Mises

<

' before they enter the probe.

o

.
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' The original Digilab r.f. switch has been replaced by a '
! efficient Réelcom S7 switch and its custom built driver.

The switch is controlled by pulses from the Tektronix 26G3
i ’

Pulse Generator (see earlier).

§ . The Pulser operates at a’constant .power level (set by
g N /Ehe attenuator buttons on the V-4311 transm%tter). The tip
angle of the nuclei during the pulse is controlled by

adjusting the pulse duratioﬁ (26G2 unit).

L]

Phase Detectors

. The audiofrequency pﬁbgé defector§ are employed, one for

each channe} (i.e. lock channgl and analytical channel).

.
/ i
i |

/ 2 > . ‘.

/

Z;ck Channel - ." o S

The original Bhﬁse,det%gto; in thé,Varién V-4354 'lock
box" is employed for the control (lock) channel. Broad band
characteristics are not required for this phaée detector. Thé /
. reference sigqal is taken from.the Wavetek 111 audio oscillator
in the V-3530 wide sweep unit." The phase detector inpit is .

taken (via the standard Varian hkigh pass filter) from the

output of the blanking ampllfler (see earlier).

“
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: A:nalitical Channel =~ - \ ! - . ¢ ‘ )
e A Princeton Applied Research (PAR) 128 phase detector

modified for broad band (> 5 KHz) , characteristics, is employed
as the analytical chaznel phase detector It is referenced to
- an Hé 04 A analytical channel audio- oscillator The input iy
" ' is taken F¥om the output of the blanking amplifier and the.
. Output is fed to\fhe audio freqﬁency filter circuitry (see \
' later ). The phase detector section of the PAR 128 is

,preceded by a hiéh paésrfilter (td remove spinning noise)

‘u whose characteristics have been modified to have a cut of f
frequency of 500 Hz. " The filterucircuitry of- PAR 128, whlch
. follows, . the’ phase detectdr‘eection, has been disabled; and

th; ampiifier section has been modified to extend its band
' width. The unit has its own gain and phase selection controls.
k) - . ’ .

TR
a L

kudio Frequency”Eilter

! - ' R s B . . A b
The audio frequenhy signal (analytical channel) from the
: PAR 128 phase detector is passed through a- low pass filter.. .

_— ;network, consisting of a Frequency Devices 730 BT - 4 four-

. pole Butterworth active filter awd: its associated tuning
5.
Mresistors A 1709~0perétional Applifier, followed by'a -vari-
‘ able voltage di ider is. also employed to adjust ‘the signal .

levig to that required by. {he A/D Converter of the Computer

In typical operation, the signal level (mainly noise) to the
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A/D converter is set at 1-2 volts peak to peak.

}
i
_— H
- i

In normal operation, the filter cut off frequency is set
. to correspond to the Nyquist fregmency for. data acquiéition.
L~ : ﬂ

Audio Frequency Summftlg Circuit

- - !

In order that the lock channel and the analytlcal

. . channel “gnals will be detected in constant phase following

v TR

)

the r.f. pulge, the pu%ﬂe must ie timed so that it is gener-
requency has reached a

.ated when each audio refereﬁee
partieular,phese angle. This\situation is achieved by summing
N the two audio reference frequencies and triggering the r.f.
pulse when the sugmed a.f. signal is ﬁed via a variable
voltage divieer to the trigger ihput of the 26Gl Rate/Rahmp
‘Generater‘which contrads pulee interval timing. The input
voltage to the 26G1 is adjusted so that it is just suff1c1ent
to cause’ triggering, thus ensuring that the r.f. pulse is
T generated when the algebralc sum of the atdio referefée

R

) signals is at maximum.

~
. - »
[} . N
) 1 -~ B
[ . + 'y .
. .

Auhto Freguency Oscillators
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to the two phase detectors and their summed output is employed

Q

to synchronize pulse timing with the reference freqﬁenciesﬁ,

During instrument set up (c.w. moé%), the lock channel S j \
; N

oscillator modulates the magnetic field via‘the A.C. sweep
coils in order to provide the a.f. side Pand required for

observation of the signal. Field modulation is not required i

Loan )
4

during pulsé operation. The ffigugncy of this oscillator
(lock channel) is adjusted to center the‘ﬁetector reference
frequency on the signal being employed as a lock.lfhé
frequency of the analytical channel oscillator is adjusted to

. b .
locate the analytical phase detector reference frequencies in

il

o
tle spectrum. /K

A

* . ' ) : ‘-

Block Averaging ‘ s ‘
! N N

. R « -

Block averaging may be used to oYfr come problems y

- associated with the filling of the computer memory by tﬁ% .

~

- relatively strong signals from solvent lines.

N

The computer will accumulate 'blocks' of data, writing

each block on magnetic tape, when the preset number of gbaﬁs .

"

have been averaged. When the preset number of .blocks have

‘been acquired, the computer will average the blocks, working

in floating point mode to eliminate thé pfbblem of word over-

flows.

i T I
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Each block is wiitten on megﬁetic tape as three 1366
'weig recorde, followed by an end-of-file. When a}l blocks
have been collected and written on tape, the computer back
spaces the tape to the start point, reads the 1366 fixed -
point words of the first record of the first block, converts
them to floating point and stores them in the remaining 2732
locations of available memory. It then spaces the tape to the
0fir§t record of the second block, reads the record, floats
the 1366 words and adds them to the,numﬂers stored in the
secoed area (2732 locations) of memory. Th% same procedure }s
followed for the remaining blocks. When the first records of
. all blocks have been processed the computer divides the

\
floatlng point numbers by the number of blocks, converts the

v

numbers‘to the fixed point, and writes them on tape as a 1366
word record. It then back spaces the tape to. the start of the
second. record of the first block, and processes the second
record of each block in the same manner as before. The\third
and final record of each block is processed in the same way.
The three a&eraged records are then rea

+ ‘ t
spaced to the start position.- The permanent file may be

.and the tape is back

written on the magnetic tape ip the usual way, if necessary.
The nelevaht commands are: Q\\

Y

/HSxx Number qf scans per block

' /NBxx Number, of blocks -

If NBil'is.used—(i.e..gnly one block) the omputer‘does\not
write the block lon the tape. Thus it is not necessary to have

" a data tape -mounted or correctly positioned if NB = 1. The

B e e e L e
. N -




=
preset valPe of NB is . |
° \ ’ )

o %

Important: E } -
N _ The cémputgr writes intgﬁ@eaiaté’data (i.e. the blocks)

on a long scratch area of the tape‘beyond-thé start point.

Care should be taken to position the té&pe qﬁé file beyond the

[4 R . » )
last file to be preserved. The positioning is automatic once

”the process is started. The tape sEops at the same position
it started - ‘normally the correct position for writing per-
manent file. & N v | N
Attempts>should not be madeé to block averaée with the
tape positioned at the load point i.e. the beginning of theﬂ
srtape. The computer will halt when it back spaces'the tgpe
because the load point marker rather than an end-of-file is
\found:_?he situation can be recovered by pressing the start
o switch at once but this is inconvenient. If necessary, a
d\l[mnny fJ"Trst file may be )‘{ritten and the tape set to file 2 &
(with an LF 2 comﬁand). The permanent file can be written as

file 1 following a rewind (RW) command.

Data acquisition may be aborted as usual during accgﬁul-
-. ation (not during tape read, write or move operationj b;‘
setting ‘switch 15. If the run is lost, it can be recovered by
the command./RC. l

a0t
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. . - The Computer Prggram;,FTNMR l
! The cofmputer program , FTNMR, written by Colebrook 6 is
L ‘ designed specifiéally for use in high resolution pulsed
.Fourier Transform NME%Spectroscdpy. Its basic functions '
:’include. but are nbt lipited to, fotlowing data acquisition
E and‘datq processing operations:: . ~
? S a  Acquisition of spectral data from the spectrometer a
? through an analog—to-digitallconverter.
i b Improvement of spectral S/N‘by means of on-lfﬁe‘
“enQemble éveraging of’repetitive time-series
responges. |
c fbff-line,manipulatioﬁ of theiﬁvgfaged data e.g.
base Iine correction and exponential filtering. §
. \d Fast Foﬁﬁier Transformatioﬂ (FFT) of averagegLEime -1
) domain.information to obtain frequency. spectra. Z
e Manipulat on of real (absorption) and'imaginary g
\< (dispersion) ‘portiops of the transformed spectra to . E
v ' ' . yield phase and amplitude corrected absérbtiop
spectra. ‘
E* Display of either the time domain FID data an '
transformed spectra on the osci{loscope. .
'g Multiplication and division of the acquired .data
points either in the time or frequen;y doﬁéinf‘ )
h . Readout of the time domain FID and transformed’ "
© ‘ spectra to an external X-Y plotter or compﬁter
L compatible magnetic tape. N
' ' l, " ' | ’ ) % | ' “
: ) o
R e e ! _— - - et oo e e et o e e s ] "
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~ FINMR Loading Procedures -

FTNMR may be loaded into computer memory as an absolute
program from (a) paper tape or (B) magnetic tape, using an

FTNMR data tape with the program stored as file 1.

A Paper Tape Procedure: ‘.
The program is loaded using the Basic Binary Loader (BBL).

1 The computer and peripherals are s&iﬁched on.

S -
e ey e e L MBIV 0% T apesant,

2 If required later, an FINMR data tape may be mounted
’ and positioned at the load point (AUTO mode) .
3 The FINMR absolute paper tape is placed in the
T h ’ reader. ‘ ) ) :
A With the computer in the HALT mode, PRESFT and .LOAD

v switches are pressed simultaneouély.

5, When loading is complete, 28 in the switch register

-
Y is set and RUN is pressed.,
- g “ |
\\>\ b B thnétic .Tape Procedure: 1 .
The program is loaded using the Magnetic Tape System (MTS).
1  The computer and pé%ipgqrals are switched on. ;//’

2 FTNMR data tape (with FINMR as file 1) is mounted
- and positioned at the load point (AUTO mode) .

r 3 With the computer -in the HALT mode, 156068
is loaded and the switch’register is cleared.
. 4 On pressing RUN, the\computef'shbuld type *NEXT?

If so, steps QS; 5,6 and 7 should be ignored.

,W b s e S i



e e ke

10'

. L s
If tﬁe compu;er'should fail to respon&, Load 778 is
addressed and the sw?tch register (HALT‘mode) is
cleared. ’

On pressing RUN, the computer should type *NEXT? .
I1f so, step no.‘7 should, be overlooked, ./
If the computer fails t; respond, MITS Bootétrap

(paper tape) is loaded using the BBL. When the Boot -

strap is loaded, the switch register is cleared,

" load 1005 is adqressed, the switch register is

cleared again and RUN is pressed. -
When the computer has typed *NEXT? , : PROG, FTNMR

should be, typed

“The program w1ll load from the tape and auto-

matically start running. The tape will rewind to

> the load point.

The Eapé should be positioned at the reduired file -
before proceeding. It should be noted that File 2
is of‘zero.len th. It is recomended that File 3 be
written as a dummy (empty) file since it may %e ;
lost 1if dn ugdated version of FINMR is written at
a later da;;. The flrstAworking file should, there-
fore, be File 4. |

Before switching off the computer /ST should be
typed or HALT pressed. Load 778 is addressed and
RUN is pressed. The tape will rewind and tpe com-
puter wil%;type *NEXT? . In response, :PAUSE should

be typed) Th;h action returns control to the MIS

3 AY
’

AR et
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-

‘f monitor and leaves the computer in the correct .

@

_ 'configuration'fog-restarting from address 15606.
" 12 . The peripherals and the computer should be switched
off. o

- General Procedure:

Load Address frocedure: »

: . -

1 The computer should be in HALT mode.
CLEAR REGISTER is pressed. : ’

2

3 The address (octal) is set in thg‘switch rggister.
4 LOAD ADDRESS is pressed.
5

CLEAR REGISTER is pressed.
, 1

Re-Starting When FTNMR is Already Loaded:

If FINMR is a¥réady in memory, the computer can be re-
started without re-loading the proéram?‘@hé parameter values

will be those used for the last run, not necessarily the
.

standard set. !

1  Switch register (HALT mode) 1is cleared. -
2 Load 20015 is addressed.
3  RUN is pressed.

P

' «

. P M
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.
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BBL is'used to load a
Bootstrap) from paper ‘Eape.
1 Computer should be in HALT mode..
2 Paper tape is placed in ;eader.. ‘
3 fRESET and LOAD are pressed sir'nult;aneously. The
pafef tape will be re'ad. )
4 When the program has been loaded, a start address

must be either loaded, or ‘set in the switch

register, ‘before RUN is pressed.

e Zonca Sty

)

Prep‘aration of an FIMR Magnetic Tape
FINMR may be written on magnetic tape for loading using -
the ~Pégnetic Tape System by. following standard procedures as
set out 'in the Hewlett Packard 2114A manual. -
/\ ';..‘ &
!

e .

Command Formats . ' . ..,

1
Y

. AN : ' )
All commands are three characters in length. The first

1 4 N

of three characters is required for certain interrupt oper-
ations, .and is not decoded by the computer. It may be a slash
(/). a period (.) or other character chosen by the operator;

The second and third characters are decoded by* the computer

T ¥ e i s 4 s T 5 e g &
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and "constitute,an operation command. Commands which enter é-

| operating parameters are followed immediately by up to four

numera1§ (the first of wllich may be replaced by a mianus sién .
2 (-) for the TC command only).

If an invalid command is entered, the computer will

respond with a double question mark (??). The correct command’

should theh be entered. This response is also given at start
up, ie. before the computer has recéi;red a valid command. If

a typing error has been made, the command may be aborted with-
out‘ execution by tyﬁing an invalid character. The correct

command can then be entered following the (??) respons;e.

- -,
o When the computer has received a valid command and has

completed its response to the command, it will type (2?) with-

J \/J out a earriage return and a line feed. The next command may  *
. ~

¢

then be typed (on the same lide). The (7?) is thus an ™
a_cknowledgeﬁent by the com;')uter of‘ a command action and a
signal that4a new command t;\ay be entered. It ghould‘be noted
t’:hat:’ a command can only be entered following the double
que‘stion'mark 7). ‘ '
Oscilloscope display is automatically interrupted by the
) iz{ﬁﬂtw (interrupt) character of :a comma‘nd. The &ogﬂpter outputs
e do‘ublg " iﬁdicating that it is rea;iy for the, next
E command, immediately f\)efore it enté;s the 'scope display

subroutine.

/ e e i e

.

et o
‘D.IM-‘?!*? '*!’ﬁ‘fﬁm‘;ﬂ .
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Data acquisition may be interrupced, between scans, by

| typing any singlé character. This does not constitute a

. command The computer will respond with a double (?7),
which pgint the next\&ommand may be:entered. A teletype inter-
rupt will not be accepted by the computer while it is waiting 7

for a trigger pulse, so it may prove convenient to switch off ' :

the computer start trigger pulse (from Tekronix pulse control . /j
unit) before interrupting data acquisition via the key board. 1

Data acquisitibn may also be interrupted by setting switch 15 o

of the computer switch register.

1
g

Oscilloscone Display Modes N

Three modes of 'scope display are available:

Qg . (Display FID) Initiates displayyof the entire data
array. . ‘
\ - DR :(Dlsplay Real) In1t1ates dlspl&y of the real portion ‘

of the complex array generated by Fourier Trans-

formatlon. The contenfs of the odd numberoo
' ST; * locations are displAyed, starting with the first
- location. ' : o I
\Di. (Display Imaginary) Initiateés display of thc
‘1maginary portion of the complex array generated by
Fourier Transformation The contents of the’ even ’ R A ‘

numbered locations are displayed, starting with the

second location. !
L

]

g *.-—w% PR—




g ® ’ ’ | 50

e

The DF command is suitablebonly for the display of a FID.
1f Fourier Tfansformation has .been carried out, the DF command

will gengrate an'uninterpretable display. The DF command

lsﬁould be used if a FID is to be examined closely. Use of the-:

other two coma?dds,to disg&ay a FID i§ not’ recommended E@nce
B
half of the points will be missing-and the display could be
misinterpreted. ' |
The display mode called automatically by the program
follow1ng cerfﬁln commands will normally be appropriate.

0ccas1ona11y, howeVer an 1nappropr1ate display mode_will be .

( ’
. called, eg. if a transformed spectrum rather than a FID is

u

"wtitten on tape.
. 1 )
5 a . - / »
Plotting Modes: . £
: ) , - 3 A :

The above remarks also apply to p]ating modes.
EE (Plot’ FID) corresponds to DF It should be used

¢ »

only to plot a FID.
PR. (®lot Real) corresponds to DR.

PI  (Plot Imaginary) corresponds to DI:
-/ N X ‘

FTNMR Operating Parameters: )
[ 4 . . \
- a ) 0 .

(N.B. Underlined commands initiate an action. Other Eommands;

.
N .
. .
- ] *
/ t
B
.
14
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khich must be followed by a, number, change stored valyes of
pa ameters @sree eﬂﬁ%ﬁhds, , RF and FT cause the value of
the ‘display multiplier (accessed bysDMxx command) tao be

\restg ed to.1) C g

4

An scilloscope display is automaticaliy initiated on

completio of certain types of processing. : -
. [ . .

o

Initialization: L Preset Limits
S ‘ © ¥ Value

Expon nt, N& of points = 2%%EX 12 ie. O0<EX<12

4096
~ points ¢
Zero array (control is
transfe red to DF) '
»
Acquisition: _ , °
o. of blacks ) . ) 1 none
INSxx oz, of scaékﬁgpeﬁ block) -~ 100 none
y ; S o %
/CPr%— Clock period (0 = 100 usec, 0 30
Al =1 msee) | : '
. /CMxx  Clock per od multiplier ° 1 31l - @
/PDxx. _ Post - pulse delay I ) 1, 3l ‘
/GO Go-start acquisition (control .
is ‘transferred to DF)
/RC Recover (control is transferred ,
tO P_F_) ‘ ‘/ ‘ |
. ‘ - ' '\ |
\
$.




e
.

| "rj. , = N - ﬁ o 6
, i . ' } .
1 ,' " b
2 : it :Display: ° s . ~Preset Limitso"
i "‘,.' o “ - 102
é.' e : . o R * ' = s .
S 7Mxx . Display multiplier - 1 31
5 . P * N
L ., ADF Display EID ,
} . —T‘ G’ " ‘ . S, )
- ) /DR Display real array N
; 05 k“‘"‘,’, .;‘/ 1 Display imagIr,ﬁry array . .
i . ile Control: i s .
} .
‘ i ¢ } Locate éblé)[ﬁc _ 31 s
o ) / 3 File back \ '
o~ = . /RW Rewind tape . ~. . -
S t/gg *  File for%rd ‘.
¥ X . ; R
/WR \V{rite .f#.e (control is, transferred
s to. DF) \ o
-, / ' - » - N .
- /1D Identify file
. T[RF Read ‘file (control is transferred v '
< s " to Di" N
.} {‘ . | - >
{ . T / - L
N / Array Mapipulations® - .
_ = )
: . /ADxx ' Array divider (for Fourier” 4\ie 3l 4
‘ ! Transform) - 1 [ y (2%%4) @
’ N /DA Dlvide array ‘by -2 *(contre '
N L. o is transferred to DF) - _
r o S
N L /M ‘Multibly array by 2 (cont:rol o
. e . is. tz;ansferred to DR) |
f\) /BC. Baseline correction (controlj ) \
ot . A8 t?rapsferred ko DF)- : N,
1 ‘: N ' e -
. N i ! ’ ¥ ) h "
N N\ Digital Filters: . ¥
B R ERL Time constant (for exponenfial. 1. «iqne
‘ J- , ) ,mu-ltiplications) , ) .
'{%\ | > M "\ “. . .‘ ) \" \ . ' ‘\. ’
“a‘}%: . . ‘o . ’ ' - ’
\ . " 0- .




Preset Limits

\r ) ) ) Yalue,

Y

Trapezoidal filter limit *\
Exponential filter (control is
transferred to DE)

Trapezoidal filter (dontrol 1is
‘transferred to DR)\

Fouriet 'Transform:
/FT 'Foyrier Transfo ) (control isdff
transferred to~DR) .

[ .
Phase Correctlbn‘? .

/PAxx  Zerp order phase anglqh
(degrees) -

/PBxx  Firft order phase correction

"/PC ~  Yhase correctibn (control is
transferred to DR)

b,

" Plotting:

/éﬁxx * Plot height

/PSkx Plot scale (1ength of plot)
/PPxx  Points to be plotted

/SIxx Sampllng interval (for tick
marks)

1PF Plot FID (COntrol is"
| transferred to DF)

/PR Plot §ea1 array (control is

transferredeto DR)

/P1 'Plot imaginary arragy (control is
’transferred to DI)

: Scale (control is transferred to DR)
(dréw scale ‘'on plot)

<2**EX




[N ] . ‘.
Ny E : Pfeggt Limit
- | . ‘ Valie '

Stop: .“ )
. /§z Stop (computer may be're-started by

l pressing RUN switch) ~ . , .o

-

-~

Data Recovery:

/'\ L \
N [
~

* To recovgnfbiock averaging datd from magn q}cltape

e following a.power interrupt,
) "‘t‘,'

'

[ N s Rk . 2

[

p command /NBxx -4 ”

.

2 Position the tape to the original sta:t point
3 Inidiate recovery, using the command !RC

Processing will then proceed in the usual way.

f
4 . ’ <
4

i . ~. F .
N WO N\ .

d -
\ \ %

‘ FTNMR‘SEeckral Parameters Abbreviations:

. a’r

N ) sy a :

14 [
P . s ' d

NS . Number of scans ' - .

) : ~ < . . .
- - SI Sampling interle‘(usec)~ S ‘

AF Analytical frequency (Hz) -

LF Lock frequency (Hz) T SR

. - . PW »Jﬁration.of pulse)

~

‘Pulse width (%sec, -

PI

1 -

two pulses) . - B

Number of points

etce, use the Fbl owing procedure:

\ "1 - Set the number of bioéks % be recove ed, using the

Pulse interval‘(sec)'(ﬁime differende between

]




nih

‘spectral width is determined by:
'The CPxx command sets the pulse intefval of. the computer

,command instructs the eomputer to. skip pulses. If CM = 1,"

L - In ‘the preseﬁt study, for all ebmpopnde, CP, =

AD Acquisition delay (after pulse, before the

computer Learts acquisition) :

PA &. Zero order phase correction (degrees)

PB Fisrst order phase correction (degrees)

5 )
< .
3

Description of Command Parameters . -
" : ‘\. , a . .
|

Selectlon of Data Acqulsition Rate: ! ,

e

In “the pulsed Fourier NMR experiment the rate of data

acquisition. determines the frequency Jrange or spectral wxdth

AY

acquired by the data 'system. This is done by selection of IMUQ?

appropriate values for the command: CPxx:and CMxx.-The o

~
o

21 N

- Spectral Width = 10%/2(CPxx X OMxx) e

<
% '4‘ \

time base Penerator.” If CP‘= 0, the pulse interval is 100
usec; if CP = 1, the {nterval is 1000 usec; etc. The CMxx .
t k) ' "
the computer responds to every”puise;éif pﬁ = 2, it respends-”
tohevery second pulse; ect. Thus abljmultjp‘eé'of 100 usec

may be felected using these :two edmmandg.

? '
[
L4
¢

0. ie. 160

pusec and €M = 1 so that: Wy . . L
t™

\ ' : ol ?\ N ;
Spectrall iidch = 10%/2 X 100 3,000 B2, -
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N FID may be examined as data acquisition is proceeding, During

ool

Beginning Data Acqﬁisition .

Signal averaging is initiated by using the 'GO' command.

»
During data acquisition, the contents of the computer memory
" “

*.(the averaged free induction decay).are displayed on the

\—oscifloscdpepgg'the newly averaged data are stored. Thus  the

~Y
Nz
.

oy

'

‘the timefthe computer is writing the 'block' on tape the

signal 1s not displayed. When the preset value of the number

of scana has been acquired ending one block the teletype

writes FINIS the block is recorded on the magnetlc tape and

the acqulsition of the ‘mext blook is started {see earlier,

Block Averaging) At the end ofhthe acquisition the teletype

writes 77 ,“indxcating that data acqulsltlon has been = - o s

completed The data may then be transferred to the tape for

™~ ?

permanent storage (see FID data acqulsitlon Table I)

A

Slgnal Condltioning Ty . .

s .
\\.

Q.‘

{'Before beginﬁlng a long run of signal ‘avéraging, it is. ..

désirabie to condition theﬁinput s1gna1 as much as possible.

- Before 1ocking the spectrOmeter tﬂe best level of homogeneity

Yidth a delay time folrowing the

. achieve the best 1ocking dbnditions.
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Jl -
Sampling Interval
(usec)

N4

kil
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TABLE I
FID ACQUISITION DATA
Acquisition Time (sec.) Highest
N Frequency
1K 2K 4K ?Hz) :
> ’ - ‘
0.1 0.2 0.4 5000
0.2 0.4 0.8 2500
‘0.3 0.6 1.2 1667
0.4 0.4 1.6 1250
0.5 1.0 2.0 1000, )
0.6 1.2 2.4 .. 833

0.7 1.4 2.8 . 714
0.8, 116 3.2 . 625
0.9 1.8 . 3.6 556
hN.0.0 2.0 4.0 500
11 2 s 454
q.é 2.4 . 4.8 417
1.3 2.6 5.2 . 385 ‘

1.4 2.8 5,6 Y
“1:5 3.0 | 6.0 333
1.6 3.2 6.5 313
1.7~ 3.4 6.8 294

1.8 3.6 7.2 278
1.9 3.8 7.6 263
a .

250
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The signal should be centered on the ~‘sc;‘ope ifdicating
no DC'bias to the signall If DC bias is present, it will fill
’fhe memory word up quite rapidly, allowing only short term
averaging The pulse width and the delay after the pulse are
carefully adjusted, normally pulse width : delay time are

.1 : 20 to prevent any pulse- feed through into the free
induction signal. Pulse-feed-throughﬁcan easily be detected
by viewing\the input signal and looking for spurious points
at the begining of the FID. The delay time on the 26G2 Ramp
Generator is ‘adjusted unt;} the spurious pg}nts disappear. In
somé cases, the spufious points appear to ﬁersist These were
cut off by using the trapezoidal f lter /TLxx and /TR before

the Fourier Transform of ‘the FID.

A Y
TN
Fourier Transform and Window Functions
A Baseline Correction...../BC S A\\

3

The 81gnal averaged FID may contain a smalﬁ residual DC
. 4
bias that ‘preévents.the average value of the data p01nts from

being_zero. 1f this is the case, a hugelspike is produced at —
zero frequency which has no physical meening. Hence, in all.
cases studied, a base line -correction was performed before.
tradsform?tion Base hine correction was also gerformed before .
the command /EF . (exponential filteg see latqr). The command

/BC takes the sum of all displangughta points, divided by

-
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t

the number of points and subtracts this averagé value from
all points,'so that the average value is zero. This command
‘iéfcalréd a@tomat}cally if the /TR command is used. /BC is_‘
required in'these cases because the windogbfunction must

operate on the data only and not on any constant DC offset.

B-  Exponential Filter..... /EF

4

It is not éiways desirable to transform the FID withdui ‘
. the application of éertain smoothing function£i<it is possib}e
to improve signal to noise ratio (S/N) of a frequency domain
spectrum b; manipulations in the ﬁi?e domain. Smoothing can
be accnglished in the freguency domain, but generally iﬁtro-

. duces more distortions.

-t
.

Multiplication of the FID by an?exponentially decaying
function increases apparent S/N markedly, but results in some
additional line broadening. The command'/ggbmultipliES the

. data by an exponential haﬁigg a time constant entered by, the
. ;
command /TC . During this multiplication, each data point is:

~-iTC/N

multiplied by e where N is the numbér of data points

and 1 is the index of -the current point, i varying from zero

ton - 1. Thus, the first point is miltiplied by e’ or-1.0

TC

and the last data point by e ~’. Baseline correction, /BC ,

should be carried out before the /EF command.

“
. .
¥ . . PSS
™

L}

1
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Intuitively, it seems reasonable that multiplying by a,
decaying exponential would improve &/N, since most of this
noise conﬁ;ibution appears in the 'tail' of the FID where thé
signal has more or less died out. If this tail is forced

toward zero, the amount of no?ie in the transformed spectrum

will be less, but the lined:

-

11 have broadened slightlyﬂf
The mathematical justification forsthis particular
window function is simply that the Fourier Transform of an[/
expohential decay is a line having a'Lorentzian shape. This

\

' *
is not surprising since the FID is governed:by the T, , which

is, inéeed, exponengial’in nature, and whiqh is the cause of

. the observed Lofentzian“ling shape in cpnventionél c.w. NMR
spectra.
- , N
C Time Constant..... /TC"

i - -

. The time constant, TC is entered by typing /TC and
enterjng it just before /EF -. It should be notgd that /TC is
usu;{iy entertd as a pos%tive numbex . Enterihg a negative
number will allow multiplication by a positive egponé;tial.
This'will increase noipe level an produce narrower lines or,

' 'enhanced resolution. ' f

~
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' frequency domain spectrum of N/2 real points and N/2

.DC bias, not removed by /BC .’This'spike'ma‘y be remov

using the /TLxx and /TR commands. §

D\ Fourier Transformatiom..... /FT o :

%
3
i
i

The command /FT initiates a fast Fourier Transform of. -
= . a3 ]

the acquired time domain data and replaces it with the

oS

imagingry points corresponding to the Cosine and Sine trans-
forms of the data. It is done by multipiying each data point
by gll possible Sine wavc-;s up to Nyquist freque;ncy. T'his'
clearly requires N2 multipl\icéti\ons,: Qhere N is the number of

data points. However, \"the method elaborated by Cooley and

7

Tukey a

makes use of 2N log2 N multiplications and hence X:

great saving in tim? is achieved..

A

. . A
‘0

[

E, Trapezoidal Window:..../TLxx and /TR .

Ed

» - :

It is often found that a s_mall amount of pul:se-feed-:
through may e;cist even after introducing what is app'a_re.nt:ly
a sufficient delay. 'fhis feed-through may manifest itseliﬁ 'l?y .
a rippling base line having a fr‘equéncy of 2 - 3 I-iz in the "

transformed spectrum. 'I"l'xis problem is cured easily i)y uvsing

“the Erap_ezoidal window function, /TLxx and /IR . ' \

Ay . ™
\

The transformed spectrum may sometimes have a small spike

N N
at .the left hand end, at zero"Hz, caused by a small res‘idu




. i
[EEY
~ . ‘ o

- o ‘ . _ 4 5
: . ; If a large value of /TLxx is used, eg. 30 or more, the

¢
) o

' peaks tend to settle in triughs in the baseling.

~ ’ M s a
] -~ 0 * © M - . -

. . .
0 “ . 0
{ L ¢

° F Phase Correction...;./?Ax;c, /PBxx and /PC . ' o u
; N Beforgl FourieI: Transformetion, the Hi‘gitized FID is =
(-T ' stored‘idn" th& computer as a real array of length 2k where" .
;° N ' ) T k=12 :;.e. the array has a ma;i‘m\.xm ‘;lgng't;h“of 4096 -points.
! s o | a | : ‘ O ’ ) Q
° i " ' The ‘Foux:ier 'I{ransfbrm of a FID producgé fwo sp’ec':{:,rh,

each containing ok-1 points. These a?g’ called the real and

'
v

y , | y the iqlagi;lary pért,sf. or tbe (’Cosine “at{d t;he‘Sine tra}nsforms.
Undef 1dea1‘ cfondic:ions, theée two spectra éh;uld correspond
to the absorption and the 'dispersion mode spectrd, respec- -

- V ti\ie}y‘i However, a number of physicail phenomena may ‘c;au;se the .
_absorption £n(d dispersion mode phase’ information to be ';n}xed'

o}

—— . -

between the two ‘spectra. There®are three major causes of

“ mixed phasl information:

\ \ 1 °  Specgrometer phase detector setting;_,"
- 2 ,Delbay between pulses anqd-x‘t:art of data“acqx‘iisipion,. \ .
; " . and . OQ ) -t
{ ) Filter setqiﬁgs. A s ?‘3‘ LI
v \ S , o . . | !
, The si:é'cg:rometer phase detector setting is usudlly
. | | optimized at the l;eginri.ing of dagé iasquisiéipn, usihg_ the ‘ |

shérp peak of the solyentj DMSO.' The smalles'f changes will

-

Ml MAC 0y o )
@y perd ot LR RN T
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A

[y

- affect this parameter; variation in sample tubes, solvent or

even spinning rate may affect the phase of the information

entéring the detector.nThis effect is a zero order one which

. causes the same shift in phase for each data point, regardless

Le

N l

The remaining two factors, delay time and filter ¥ have

first order effécts on the s&ctrum. That is, at frequency
zero, the phase shift is zero, and at the highest frequency '
in the spectrum, the phase shift is maximum. It is cx;stomary
to refer to this shift iq terms of the phase angle shift of
the highest if/requency eg. a 170° first order phase is one in
which the |first frequency domain point has zero phase shift

and the lakt one 170° of phaseqshift. N

: £ . ” ,
.When a phase correction‘'is carried out, the real and the

' imaginary points of the complex array are Teplaced as follows:

RNI = Roi Cosei - Iqi Sinei .
”IN:I.‘F Roi Sinei - jpi' Cose:‘L VN
where i=1,2,3 boonnnn, gk-1

new real value for poirit; i
oV -

an& ' RN 1

fm new imaginary valug '%for point 1

>

c goi old rea1|vla1ue for pc\>int i

L3

I,4 =old "imaginary value for point i
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RESULTS AND DISCUSSION

LY N ‘
. The Fourier Transformed carbon- 13 nuclear}rnagnetlc

resonance spectra for a series of 3-aryl-2,3- dlhydro 4(1H)-
quinazollnones and 3- aryl 4(3H) -quinazolinones were measured.
The qulnazollnones .are divided into three groups accordlng

to’ the'relationship between the rotamers. (Table I1) -
’ 4

\

Group I includes the eompoundsiin.which QWpirotamérs
,are enantiomers, and therefore have idenpical-spectra in _. a
achiral media. In one case Both C-2 positioos are methyl,
while in the other compounds both’C 2 substitueﬁts are
hydrogens. Group 11 c0ntalns %ﬁe compounds in which the two
rotamers are diastereomeric and each rotamer in this series
K.‘is erpected to:have its own individualﬂapecrrum. Group III

includes miscellaneous compounds that do not fit into Groups

'

I or II. - , !

1

The chemical shift data. are divided into tabular form

raccording to the carbén position im order to.compare' the

chemical shifts and to clarify the following discussion. '

’

[

Dimethylsulfoxide (DMSO) was employed as'a. solvent in - .
this study and provided the lock signal and internal reference
The. concentrations of the quinazolinone solutions varied Yrom
5 to 50 % w/v. Each sample was run using at least two -

.- analytical frequenc{es,'With the nomber of scans varying

i

—

ity .
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ISOMERIC RELATION : ENAMTTOMERIC -

iy
H

~

T
11 R=CH3, R2=H

111 R=CaH5, R2=H )
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o " TABIE II (cont'd) \\~\;\\
4 4 ‘ ¢ .

S ° GROUP II

' I§OMERIC RELATION : DIASTEREOMERIC

—_—

i C - Cl @ Ry, oY
: ' ., VI +R,=CH
1 | CH y=CHy
“( ' HoNO S ™S '6 \@3. | |
. ’ ‘ : » . VII  R,=CH
o , v

L . | ' ‘ VIIT - Ry=n-Cofly
4 - - B | IX  Ry=CH,C1

o ' . ' ' : .
o . - x) (Ry=CHC1, \

- | - ) SR XI ' Ry=CH,0CH,

o - - XIT  Ry=C0,C,H,

.
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: . \ '\ - TABLE II (cont'd)
’ ) . v '
t s . N (_ , ) . ) , ./i +
); . \ GROUP II (cqnt d) - ' ‘.
\ ] ) H \ ar ' .
| c ‘ -/ | orp )
XV R=CH ,OH
. - ‘ . ® N\
g 'H,NO.S ' - - ¢ j
272 1.2 XVI R=CH, ,
! o ' » . C e XVII R=CF,
: / ;
) /
/.
. // I
| k , | o
6 AN HCH \ - S -
ﬁ/— 3 | XVII RgRgH, ReOH
“H,NO.S : i
' 2 2 " = - =
. 5 ‘ . o xIxI © RL" H’ R5 R6 CH3 . “
o | —_ |
N - - XX - Ry=Rg=H, R =0CH,
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". GROUP III

e

XXXI1

v XXXIIL

)

"e TABLE 41 (cont'd)

0 XXX

XXXI

-

-

R=o-toiy1' v .
' -]
M 14
R=2,5~dimethyl-¢

.
o

. R=2,4,6-trimethyl—g
» f . ‘

< R ]

R=4-chloro-2-methyl—g

R£5—chloro-2;methyr—¢

.
e e Yt A e ptaade W
. .
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K
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5 ( between 4096 and 12,288, dependihg upon the concengration of.

the sample. . K T .
B ’ o Lo !
.4 : ' x ) u‘-." .
S Chemical sffts were measured with.respect to. the DMSO

solvent 51gna1 (az 40.74 ppm) and were reported relative t6

. - SN . -—

TMS'. The chemlcal shift‘vaxuégﬁgre estimated to approxlmately

- 0.05 ppm (2 0 Hz) The spectra were measured by dauble

- . '
: irradiatlon near the methyl region for noise modulated proton .

Y
/ /~

S\ decoup}ing.\@ ~
The quinazolinone samples'were‘s;able in QMSO \

N .

x ' e T SN . -

— . ]

P /-\ '
[P T
.

14

4(1H) - quinazollnones have not prev1ousl een neported in the

- ’ 41 .- -~ )

v literature. - o . o .

I S
- -

. M €
hd 1]

by - " iThe'éhemiéhl shift‘vaLﬁes of the groupg of thésponding
N - . X n . *
carbons (C-2, C-2 'substituents,

o - . N
% . -

carbonyl,, aromatic: yl sub-

L The carbon 13 chemical sh1ft value:rzf 3- aryl -2, 3 dlhydro-

stiﬁuents) are discussed with respect. to con}ugatidny

'

L
sinductive,

“«
steric and polar interactions.

The fesqrts are

\

' ‘ _Assignment of the Peaks

(o

S w

v

AN

o

}z

I4

v
the,xarlous carbon positions of

+ ' . ' . ‘
‘- compared with the.carbon-13 data in the literature.

L

o * w

r-)

‘Table III shows the ranges of chemlcal shlft values for

Eyarylpz 3= dlhydro 4(1H)-

r

. o
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S ‘ .. ' TABLE IIT

, o . . o .
’ "o ' [ . ) ‘ . " ’ .
RO “'RANGE OF CHEMICAL-SHIFT VALUES IN
. 3-ARYL:2, 3-DIHYDRO-4 (1H) -QUINAZOLINONES 2"

)
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quinazolinones. Table IV shows the raﬁge of chemical wvalues
for the various carbon positions of B-aryl-4(3H)-quinazoli-

nones. These values agree with the chemical shift ranges

3

found for similar compounds. Breitmaier et al~ have reported

carbon chemical shift values of 160 -l175\ppm for carbonyl’

o . . —

A

carbons in amides. Williams and Icli 17 have reported

‘values of 52 - 66 ‘ppm for the C-5 carbon group and 14.6 - 25

* ppm for C-5 methyl in l-aryl hydantoins. \\ -
K The env1ronment of these carbon atoms are similiar to
T n

the env1ronment of the C-4, C-2 and C-2 methyl carbons in

3rary1—2,3-d1hydro-4(lH)-qu;nazollnones. .

*

Aryl Quinazolinones
The chemical shift values for the peaks ass{énedkto
:C—Z are shown in/Téblés v, VI,\YII and VIII. The values range
s ’ :
from 56.9 to 75.14 ppm for the saturated compounds and 145.33
to 147.51 ppm for the‘uﬁsaturated compounds. These values

17 for l-aryl hydantoins -

agree with those found by ?Cli
(52 - 63 ppm) ard Breitmaier 3 (62 - 76~pbm for the saturated
compounds and 145‘- 155 ppm for the unsatfirated onés). {~
e.’ »
Chemical shift values for peaks assigned to the C-4

carbbnyl carbon are shown in Tables IX X, XI and XII. These

values range from 159.44 to 163 ‘ppm and are consistent with

\ i ~

AN

i
i
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TABLE 1V , :
« '+ /RANGE OF CHEMICAL SHIFT VALUES IN .
' - 3-ARYL-4(3H) -QUINAZOLINONES 2
! : '
I ‘ b -
"\ ) H .
/ -
o ’;\ 13
. . c-2 : C-2 Me C-4
. '
- \ .,t -
145.33 - © 22,69 . 160. 44
to \ to to \
Y * ) ‘.
. 147.51 - 23.36 160.83
\ \\\ - ¥ .
- \%‘
s o i :, ’ L4
- \ ' - ) &
a ppm— from TMS ) o
L 3 " R‘FI '
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i - TABLE V1 \
~ . ‘ ’ )
\- CARBON-13 CHEMICAL SHIFTS OF C-2 IN 3-(0-TOLYL) COMPOUNDS ,
: %‘ \ ]
[ . ‘ ‘.g
. ' }
) H
GOMPOUND -~ Ry - , R, . R, CHEMICAL SHIFT ° .
" NUMBER L C-2 (ppm)
- I H il . 72.55
, 11, H H ‘ h\j . 60.62 . .
VI H . H CH, o 67.37 %
vit. ©° H H C,Hs- " 72.56
VIII H H n-C,H, 70.56
. IX H H CH,eL 71.16 "
- X H /. cHel, 73.75
© X1 H H CH,0CH,, - '72.95 ,
XII H H CO,C, Hs 69.77 ) 3
/o XIII H N CeHs 73.74
. * . ' J ; . *
XIV I ) G“H CH3 COZ C2H5 ‘ 75 . 04
XXI . CH H CHy ‘73.75
RXII CH,D - H . . 72,95
25 o . 3- .

>

center of doublet o . .




N .' T TABLE vi -~
Q‘ ) f g .
; " CARBON-13 CHEMICAL SHIFT OF C-2 IN a
| B - 3-ARYL-2, 3-DIHYDRO-4 (1H) -QUINAZOLENONES

-1
- L I Sy
o N
N .
-
NO
wn, 3
= } 4 }
/l A
=« I

A ; U |
§ a . COMPOUND R .+ Ry R
i ~ , NUMBER, ) .
% . .
t - II.I . O"C2HS-¢ l;l H
' . XVI : ;o-czus-m H H
_ . v a-PYRIDYL H H
.: " ‘ U 4‘ ) |6 “ - :
. 4 . V CH3 H
‘ " XXIV " H* H
4 Xy 0~ CH, OH-9 H H
t : )
‘ ©XVIL 0-CF,-p “H H
L XVIII 2,6~DIMETHYL-9 H H
, ) N
oo : XIX 2,4,6-TRIMETHYL-¢ H H
XX 2-METHYL-4- H H
g - ‘METHOXY -9
XX11I m-TOLYL H. H
XX N N -
center of doublet

CH

* CHEMICAL SHITF.-
C-2. (ppm)

61.22 .

67.38
'56.83'
63.80
63..80

67.78 -

6738

' 66.59

—_ 66.

67.

67.f
67

o
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R . | TABLE VII
-

e

CARBON-13 CHEMICAL SHIFT OF C-2 IN

4

% 3-ARYL-7-CHLORG-2, 3-DIHYDRO-4 (1H) -QUINAZOLINONE
. )

“ ) k‘\\"\
R ‘ - . \ o .
COMPOUND R LRy CHEMICAL SHIFT
NUMBER , ’ C-2 (ppm)
Xxvi o-cH, 1 66.59 -
, . . )
. |
¢ -
A
'ﬁ
N, , .
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PR (4
H
i

- COMPOUND
" "\ ¢ NUMBER

- - ’ XXVIT

XXVIII

XXIX

AND 3-ARYL-4 (3H) -QUINAZOLINONES

" TABLE VIII °

CARBON-13 CHEMICAL SHIFTS OF C-2 IN 4(3H)-QUIN§ZOLINONES

N\\R

'\'/Rl
‘ .
0

0-TOLYL
' '2,5-DIMETHYL-9

~ * 2,4,6-TRIMETHYL-p

4-CHLORO-2-METHYL-P
5-CHLORO-2-METHYL-p

.

CHEMICAL SHIFT
C-2 (ppm)

145.33
147.51
147.51"
147.63 .
147.63
147.51
147.35
/-

e e

v
(34
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COMPOUND
NUMBER

TABLE IX

¢

CARBON- 13 CHEMICAL SHIFTS OF C-4 CARBONYL

mom oMo om o omom o omomom

4

;

-

»

moxm o m o m o omxmo oxE o\ o ox

Q
fad]
(9%

=

) ™ CARBONS OF 3-(o- TOLYL) GFOMPOUNDS
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CARBON-13 CHEMICAL SHIFTS OF C-4 CARBONYL CARBON IN
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coMpowp R R, Ry- R, CHEMICAL SHIFT
NUMBER : . -7 C-4 (ppm) -
I11 TR ) H H H 161.23 -
XWI T o-GEs-p | H B Gl 160. 44
o a-PYRIDYL ~ H 'H H © 162.23,
v " 6-PYRIDYL CHy W J 2161.43
v a-pYRm@ H H  CH 161.23
"XV,  0-GH,OH-p B E 160. 44
CXVIL - 0-CFy- "HOH .o, 162,12 *
| XVIII 2,6:DIMETHYL-)  H H CH, 160.44
XIX  2,4,6-TRIMETHYL-@ H H CH, 166,,.,24
XX - 2-METHYL-4-  H W CH, '160.83°
METHOXY - 9 | .
XXIIT  wTOLYL B W CH, 160.64 -
©oxxv H Ciy CH, . 161.63.

.
e artan




Ty —
P AR ok Maior b Lo L 0 S . _
°

~

-

3-ARYL-2,3-DIHYDRO-4(1H) -QUINAZOLINONES

%

CARBON-13 CHEMICAL SHIFTS OF C-4* CARBONYL CARBONS 1IN

TABLE XTI

Y

Cl

PO

\

Y !
co
- I!"[ )
o !
? /
: a
/
v‘/
. L]
CHEMICAL- SHIFT
6-4 /Cppm) -
, \
161.23,
N - €32,




e e B S A ——_ penasisliiN
% " T L - '
. ,. - gk
4 \’ i o l * [y ]
% . . 89,
| TABLE XII R
| .- - ,
" CARBON-13 CHEMICAL SHIFTS OF C-4 CARBONYL CARBONS IN .
: o Q
= 4(3H) :QUINAZOLINONES AND 3-ARYL~4(3H)-QUINAZOLINONES
2 @ I
' ' L S - -
\ ’ o @ * ’ \\ R
Lam - ‘ ‘ R
. ' e . i ]
% ' ’é‘gl’;g:";'> . ! - o —
% N
|- N
{ " ' o T * —
! . COMPOUND Ry R . - CHEMICAL SHIFT
NUMBER ,,  C%, (ppm)
| ! PR ' . L
- ‘BxvIT H H 160.83
XXVIII = H > . CH, 160.44
" XXIX,  CH, . o-TOLYL' "160.80
XXX “CHy 2,5-DIMETHYL-9 | 160.%3 "
XXXI CH, 2,4,6-TRIMETHYL-0 - 160.44" -
‘ XXXII CH, . 4-CHLORO-2-METHYL-0 160.75 -
; "L XXXIEI CH, 5-CHLORO- 2 -METRAL-{ 160.64
: o / ' - . ™
1 f 4
/ , |
. \ ' Y e .
. 5 £ ,,)' R -
Q ;! y {
| \
s ' ¢




]

2y

~ (Table XIII). The aryl methyls in these compoundg can be

3

of 158 3 t&iibB 8 pnm for

%
those observed by Breitmaier

carbonyls of amldes ad Icli's 17 values,of 155 and 172 ppm
- for 1- aryl hydant01ns N .
) .,"(. o |
g . ~ MR 2
Methyl Peaks:. . W, I

~

Lauterbur 26 has-determined the chemical shift values
’ .

<«

for the methyl.derivatives of anilines & N,N-dimethyl anilines

compared with the aryl methyls in quinazolinones.

4

q

Ieli 1/ has reported the chemical shift values of the

aryl methyl carbon in l-aryl hydant01ns to be = 16.74 ppm

'(Teble XIV). The aryl methyls in these compounds can also be

' cbmpared with the aryl methyls 1H\qu1nazollnones.

N

Khadim 22 , Icli 17 - and Wllllam§ Xﬁ& have observed that

_in 3-aryl hydant01ns the aryl methyl carbons appear on the

high field side as compared to the C-5 methyl carbons.

This \tr'end is also .evident-in the 3-3}1—2,3—'dihydr'o-4(m)-'
quinazolinones: In the Q,Zrdimethyl—S-ortho tolyl: quinazolinone
compound zI) three peaks a£e observed in the methyl region.

/
[N
Based on enantiomeric and dlastereomerlc relatlonshlps, the -

high field signal at 18.47 ppm is assigned to the ortho methfl C

carbon , since the enantiomeric ortho methyl group is expected

pifexhibit a single absorption. fhe C-2 dimethyl groups are

*
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CARBQN-13 CHEMICAL SHIFTS OF METHYL DERIVATIVES OoF

ANILINES AND N N DIMETHYL ANILINES 26
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\ ‘ . _ TABLE XIV .
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g ‘CARBON-13 CHEMICAL SHIFTS OF’ 1-ARYL HYDANTOINS 17
“ . . ‘) ' . " - ! ’ - ¢
; - ' . F} ~ R .
PR : T,y - . Aryl 1 .

~py—L p

K ° PO | : 0’4
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l - Y o
e \\*; H ,

, ¢ - - ) ‘ ) \\ h ‘ . .
, . ARYL Ry". R, CHEMICAL SHIFT CHEMICAL SHIFT
S : , - OF ARYL METHYL OF C-5 METHYLS
S -0 ' © . (ppm) (ppm)
Lo ‘ .
0-TOLYL . . CH, H 18.1 . 15.7
0-TOLYL CH, CH, 18.5 22.38
. A . 25.05
2,3-DIMETHYL-9  CH, H 157y 146
‘ \ : " 2004 ] J
~ 2,3-DIMETHYL-p .CH, - CH, 15.3 | "22.22
S R . 20.3 25.01
) ° . \
}
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expected to show two signals of almost equal intensity and
clgse to each@ther. The low field signhals at\A7.02 ppm and

28.41 ppm are believed to arise from the C-2 dimeﬁzi} carbons.

~

L]

Table }V shows the chemical %hift values of the aryl-o-
. methyl carbons. The chemical shift values range from 13.70

fo 18.87 ppm. The chemical shift values of the aryl sub-

- stituents are shown in Tables XVI, XVII wnd XVIII. Model

compounds used to assign the aryl substituents are shown in

Table XIX. The peaks assigned to o-ethyl range from 14.30 -

. 14.89 ppm for the terminal methyl group and 20.86 to 24.04

ppm for the o carbon. The 13C chemical shift of the N-3 aryl
ﬁubstituent,rCHZOH (59.43 ppm) , CF3 (116.50 ppm ),
2,4,6-trimethyl (18.07 & 18.47 ppm for the 2,6 methyl carbons
and 20.26 ppm for the 4 methyl carbon), 4-methoxy (55.25 Ppm)

and meta- CH3 (20.86 ppm) compare closely to those of the

model compounds. >

-

The C-2 methyl carbon chemicdl shifts are shown in
T:%les XX, XXI, XXII and XXIiI.‘The mono-methyl carboqa\i'
chemical shifts range from 15.69 to 20.86 ppm, 'while the
ﬁi&efhy% carb?ns are found further downfiéld, ranging.fromu
27.22 to 29.61 ppm. These values are sim;lar to those of 15.7
to 17.9 ppm for mono—methy%‘carbons and 24.12 to 25.27 ppm
for dimethyl carbons found by Williams bb » Ieli 17 and

Khadim 22

in l-aryl hydantoins. The substituted methyl
Jarbons, Table XXIV, where one or more-methyl hydroéens were

»
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CARBON-13 CHEMICAL SHIFTS\OFjN-3 ARYL O-METHYL‘SUBSTITUENTS

N

1

“VII
VIII
IX

XI
. XII ,
XIII
XIV.
xr
XXII

»
\
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‘mom o om om om
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* center of doublet
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n-C4H,
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. CHC1,
CH,OCH,
C0,C,H
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" -OF 2,3-DIHYDRO—3-0—TOLYE-&(1;;?9UINAZQLINONES-‘ﬂ

CHEMICAL SHIFT
OF N-3 ARYL -,
o-Me (ppm). -

¢

18.47
17.68
"17.88
17.68
17.28 °
17.28

. 18.08
17.28°
1410
15.89
13.90 .-

“17.28 -
17.28 -




(14
>

R

N - » 96
TABLE XVI >
’ o . - ’ 0' - ' &
o Y ' - i . ot . -
g . CARBON-13. CHEMICAL SHIFTS, OF N-3 ARYL SUBSTITUENTS IN. -
. 3-ARYL-2, 3-DIHYDRQ-4 (1H) -QUINAZOLINONES ,
i
. <~. COMPOUND . 'R R, CHEMICAL SHIFT . ‘ :
- NUMBER "*: OF N-3 ‘ARYL. . ,
P , ' SUBSTITUENTS (ppm)
) i
N A, / .
III 0-CH, CH, H a 24.04 :
- a b b -14.30 .
RV 0-CH,OH ‘CHy 59.43%
, i " . - % p
a“b . b 14.69 ¢
. XVII 0-CF, " o, 116.50 * ™
XVIII . '2,6-DIMETHYL cH,’ is.37 ™-
: ¢ » *
XIX 2,4,6-TRIMETHYL - ~ CH, .* ¢ C-286 18.87
. o , Z7iC-4 20.26 .
’ ) Lt * |
, X . 2-CH,-4-0CH, CH, “a 18.18.
. a> b .. b 55.25 i
N \\ V! - l t W < % a
XXIIT . m-cuax\ CH, 20.86 ,
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* CARBON-13 CHEMICAL-SHIFTS OF N-3 ARYL SUBSTITUENTS I

'\'3-ARYL-2,;;DIHYDRO-A(ln)-QUIm
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TABLE XVII
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rZOLINONES
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- Ry L CHEMICAL SHIFT
OF N-3 ARYL
SUBSTITUENTS (ppm)
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‘ TABLE XVIII '
¢ . h c -
A M .
CARBQN-13 GHEMICAL §hIFTS OF N-3 ARYL METHYL SUBSTITUENTS IN
: ) , : 3-ARYL-4 (3H) ~QUINAZOLINONES S
. , . ~ . ‘
T ‘ N' H.: f ‘
\. ) | \%3 |
} | | ~ AR
b ' - 0 ) o -
. ., . , 0 ,
O '\ ‘. ‘. U . .
COMPOUND . - : R, CHEMICAL SHIFT .
NUMBER OF N-3 ARYL METHYL
' SUBSTITUENTS (ppm)
XXIX . o-TOLYL © 7 16.88
xx ' 2,5-DIMETHYL- C-5 20.26
C-2 16.28
, RN ' \ .
XXXI 2,4 ,6-TRIMETHYL-0 . C-4 20.70
. . . ' / c-2,6 17.12
.; XXX1I . 4-CHLORO-2-METHYL-p - " 16.56 -
o L 0 .
B T : 545 : 5-CHLORO-2-METHYL-§ 16.36
E . . , ) )
i .
; §
{
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CARBON-13° CHEMICAL SHIFT VALUES OF SOME SUBSTITUTED ARYL

. COMPOUND

(@]

=
N
B

TABLE XIX
»

COMPOUNDS,

C-13 CHEMICAL
SHIFT OF ARYL
SUBSTITUENT

(ppm)

a ,12.9
b 23.9

64.5

REFERENCE
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o i ‘ TABLE XIX (cont'd)

COMPOUNDS |

| _W
f“ ~ COMPOUND C-13 CHEMICAL
J p - SHIFT OF ARYL
~ __— SUBSTITUENT
E e \ (?pm)
- L '
CH, < ¥
‘ D 2,4,6 . 14.8

> N-(CHy), 42.8

s

CARBON-13- CHEMICAL SHIFT VALUES OF SOME SUBSTITUTED ARYL

‘REFERENCE

26

X ""“ L2
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TABLE XX

b

CARBON-13 CHEMICAL SHIFTS OF C-.2 METHYL CARBONS IN

3-(0-TOLYL) -2, 3-DIHYDRO-4 (1H) ~-QUINAZOLINONES -
’fi
' 2
.c
H
RO
N\ . N ’ .
HZNOZ > W H3 ~5
» o '
. ’ . , e /
COMPOUND Ry .- Ry " CHEMICAL SHIFTOF
NUMBRR . : - C-2 METHYL CARBON »
. P v o (ppm)
LY 4 ' i ' / ‘
) ‘" H » CH, 27,02, 28.41
Vi H ’.u k 20.86 , ‘
X1V H - | CQ,C,H; . - 18.27 )
XX1 ' CH, LB, '+ 15.88
XXI1 Ci, -9 . " 16.88

A
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TABLE XXI

! . CARBON~13 CHEMICAL SHIFTS OF C-Z METHYL CARBONS IN
* . : * T~ v
' 3-ARYL-2,3-DIHYDRO-4 (1H) ~QUINAZOLINONES -

' 20,
\ . . 7 0
’ *COMPOUND R - Ry CHEMICAL SHIFT
NUMBER : o C-2 METHYL
o (ppm)
: XV 0-CH,OH-p - - H - 20. 46"
. XVI 0-C,Hs-9 'H . ,20.86
- - . i * |
XVII 0-CFy-p ~ - H '19.96 |
,f XVIII 2,6-DIMETHYL-0 ' H / : 20.06
i XIX  2,4,6-TRIMETHYL-p  H 20.66
é "+ XX 2-METHYL-A:METHOXY“§  H - 20.46
; s XXIII ' w-CH,-p . H o 20.86
3 ' . /
1 ) XXIV a-PYRIDYL H © 20.66
XXV ’ H . CH, 29.61
| /
] X , " o
? " center.of doublet - )

~
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> TABLE XXII

9

CARBON-‘-13 CHEMICAL SHIFTS OF C-2 METHYL CARBONS IN
3-PARYL -2, 3- DIHYDRO 4 (1H) QUINAZOLINONES

\
A\

, SR 1
L) R °
! \\ o ! H3
‘ i ,
., .0 P
COMPOUND R . R, CHEMICAL SHIFT
NUMBER o . C:1 METHYL
: | N : (ppm)
. . ; ,
XXVI 0-Cily 1. 20.06

-
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PABLE XXIII

' ‘/

'S

L
T e ‘
0@t
- T
: , ‘ .
ﬁ
L . COMPOUND S R
A \ NUMBER :
E - . g .f .
3 XKIX 0-TOLYL
¥ XXX ¢ 2,5-DIMETHYL-{
XRXI ¢«  2,4,6-TRIMETHYL-p
XXXII 4~CHLORO-2-METHYL-D »
V * XRRIII 5-CHLORO-2 < METHYL-

- -

CARBON-13 CHEMICAL SHIFT OF C-2 METHYL CARBONS 1IN,
4(3H) -QUINAZOLINONES AND 3-ARYL-4 (3H)-QUINAZOLINONES

CHEMICAL SHIFT
C-2 METHYL

(ppm), v

]

. 23.36
23.24
22.69
23.24 °
23,32
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CARBON-13 CHEMICAL SHIFTS OF C-2 SUBSTITUENTS OF

3-(0-TOLYL) -2, 3-DIHYDRO~4 ( LH) -QUINAZOLINONES

o

COMPOUND Ri
-~ NUMBER

'VII . H
A

CVIII

CHZCH

k)

CHEMICAL SHIFT
R2ESUBSTITUENT

. (ppm) °

a 27.22
a 36.17
b 13.50
c 12.11
47450 |
75.34

a
b 58.63

a 169.58
b 62.01.
c 25.68

111 - 139
a 170.18

b 62.14 4
¢ 23.64

9.37 -,
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.replaced by Cl, Cl; OCH3,’ Yange

/

>

“‘;;;I\Carbon Atoms

Quinazoélinone Ring: |

o
-

The aryl carbon peaks in the quinazollnone‘ring (ie
carbons 5,6, 7 8 &?) are found between 110 and 150 ppm. The
substltuted aryl - peaks are. quite ea311y assigned for example
the C T (—C—Cl) peak occurs at 131.0 ppm and the C-6 (—C—SOZNHZ)
peak occurs at 147.7 ppm The quaternary carbon atoms, 9 and

10 give rise to signals at 135 8 and 130.0 ppm, respectlvely

4

. s 4 . 9“"'
by .

r3 .
>~ »

~

.Cf/

3~ Aryl Carbon AtOms
t S
;' M ‘“ o~ . ’ \
[

‘ fhe sdbstitutéd 3- ryl peaks“are easily assigned- for‘:
example the C-OMe 31gna1 appears at 158.9 ppm C—C,H, at 127 8
§§ ppm and C—CF3 at 131 1 ppm. T - '

~

\\
» . o \\
-O
The unsubstituted aryl peaks afe of gre\ter 1ntensity
wthan the substltuted ones, due to the Nuclear Overhauser

effeet aid shortex reLaxation times.

i

H




: - . : . L .
: ) _ ' The aryl carbon.atoms are not semgitive to sterepchemical
variation, thus they are of minor impc;rt/ance in this study.
<‘v -~ ? \u
kL praad 22 " 17 X N
Khadim and Igli hgve demonstrated that'.the
")éolvent polarity and proton’ donor ability of the solvent

- molecules have pronounced effects on the carbon”shieldings

., & of h~ydaﬁtoin molucules. Prior to the correlation of the
carbon-13 NMR data of\3—,aryl~2,3-dihydro-4(1H) ~quinazolinones,
. the solvent effects will be cons’i}é\:\ed. _ |
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SOLVENT EFFECTS ON THE CHEMICAL SHIFT OF THE
. C-4 CARBONYL CARBON

c
.

Dimethyl sulfoxide is a highly pglarized molecule.which

- A +6
0
-6
L

solvates cations and leaves anions relatively unencudgg;ed.

It is expected that in the 'C-2 monomethyl quinézolinoﬁes'the

oxygen atom of DMSO.will approach and solvate the. C-4 carbonyl
/-

carbon. Khadim‘22 has detérmined the magnitude and direction

of the solvent induced variation in the chemical shifts of

3-aryl hy@antéins'using chloroform as the non polar solvent
and DMSO as the polar solvent. Table XXV shows the comparison ;

13C chemical shifts of 3-(&—naphphyl)-5,5—dimethy1

of the
thiohydantoin-in these two solvents. The#DMSO'iﬁduced\shift

of the carbonyl’carbon‘§}gnal is upfiéld.

*

Cisoid Conformers

N

-

If we consider.the conformers in which the methyl group
on‘;he Cc-2 méﬁomethyl is cisoiﬁ to the ortho aryl substit?cnt;
then the solvent molecule is expected to experience little
sté%ic hinderance in approaching the C-4 carhonyl carbon from

the side transoid to the ortﬂg substituent. The approach of

the solvent molecules to the C-4 carbonyl carbon from the

Lot i Aompb s




¥

' TABLE xeL-'

=
& R +

" - COMPARISON OF CHEMICAL SHIFT DATA OF 3-t(oi-NAP}ITHYL)-
5,5-DIMETHYL THIOHYDANTOIN IN CHLOROFORM AND DMSO’

J

[\ *

. " e CARBON POSITION
SOLVENT  CONCEN- c-2 . C~4 C-5

TRATION . o
) ‘ T \

R a0

CHLORO- 25 182.80  176.76 61.91

FORM o ” .

DMSO . 25  181.00  176.68  61.22°

DIFFERENCE 1.80 - 0.08: 0.69
~

¢
singlet: observed

>

center of doublet
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‘expected to be dependent on the size of the ortho substituent. s

. 10 -

-

same side as that of the oitho substituent is also possible,
but ﬁgss likely because of shme steric’ hinderance from the

ortho and the cisoid C-2 methyl substituents. The extent of

<

solvation around. the C-4 carbonyl carbon from this side is

If the ortho substituent is sufficently large it may reduce

-

sg}vation about C-4 frem this side resulting in a smaller St
shielding contribution to the C-4 chemical shiﬁt and

s Lo :
consequently a lower upfield y effect. This.in fact Mhas

observed on the compounds studied in this -investigation.
] /, _\ s M . N .

\ e »

Gy

L H

Upon addition of a second methyl group whiéh would
occupy a position transoid to the ortho substituent, the
solvent shell around C-4 would, be !fériéally disturbed. An
average’upfield éhift,of 0.40lppm°was observed for the
éomgpund; stqgied. ; . ‘ o vk;&

-
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Transoid bonformg;s’

1f thesﬁrZ moﬁomethyl quinazolinone moleculelis’assumedmfl

to exist'in the transoid gonformation (tho C-2 methyl group

being tgansoid to the ortho position),.thersolvation around
‘ the carbonyl carbon from the side 'transoid' to the ortho
substituent would be re@uced as compared to the 'cigéid'\

fconformer,/because of steric hioderance. The opproach of the
solveng'moléCule to the carbonyl carbon from the same ‘side

as that of the ortho substituent is still hindered, but less

so compared to the 'cisoia‘-conformer. A weak solvent shell

may developé around the carbonyl carbon. A

b ' .
“Upon addition of a second methyl group at C-2 which"

' would occupy the cisoid position with respect to the ortho

%////substituent, the solvation around C-4 is expected to be un-

affected

i
e

o oama y

Inksummary, when the C-2 monomethyl quinazolinone

molecufe exiéts in the ciseid conformation, then the addition

T 37 s LA Tl i Pt hos ot d5 8 T a4 PN s A Gkl AT R AT IR L e -

NP P

i b 1 A
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of a second methyl group at C-2 is exéected-to'affect the
chemical shift of C-4 by changing the extent of solvation.
When ;he C-2 monomethyl quinazolinone molecule exists in the
transoid conférmation, then the addition of a second methyl

group at C-2 would have little effect on the chemical shift

of the C-4 carbonyl carbon.

.
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. CORRELATION OF CARBON-13 CHEMICAL SHIFTS IN
¥ " 3-ARYL-2,3- DIHYDRO- 4 (1H) - QUINAZOLINONES

Carbonyl ‘Carbon Chemical Shifts

N s el gr S e swpwt

b

The carbon-13 chemical shift valués of the C-4 carbonyl

carbon atom are shown in Tables IX to XII - o

w

13

Thg“C-4 carbonyl carbon ~~C chemical shift values for

wthe 3-aryl-2,3-dihydro-4(1H)-quinazolinones fall into three

more or iess distinct/fegions correspondlng to the number
of .methyl groups at the C- 2 p081t10n For compounds where
both C-2 substituents are hydrbgen, the-cqrbonyl carbon-13
shift values range from 160.83 ppm to 162.23 ppm. The mono-
me thyl. compounds range in value from 160.24 ppm to ]ﬁé.lZ
ppm, while the carbonyl carbon shifts for the dimethyl
compgunds occur at 159.84 ppm. "On the basis of their stereo-
chemistry, all of the 3-aryl-2,3-dihydro-4(1H)-quinazolinones
which have diastereomeric rbt;mers can be exﬁected to show

double peaks for the C-4 carbonyl carbon provided that the

' chemical shift difference is adequate and the rate of intermal

3

rotation is sufficientlf’glow. Some of the quinazolinones do
show the splittiﬁg of the C-4 carhonyl carbon signal, for
example in compound XIV (Spectrum XXII). The remainder of the
quinazolinones did not show the diastereomeric splitting,
probably for the follow1ng reasons. Fi%stly, the peaks

corresponding to the diastereomeric rotamers may be lost In
: v .

o [RUEDS - “ e s e v amea e s - -
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the noise. Secondly, the temperature of the.probe may have
bgen'sufficienfiy high to.cause a collapse‘bf the ‘'signals
arising $roglfhe diastereomeric rqéamgrs, due to fast-
internﬁl rotation of the 3-aryl group. Finally, the'chemicél

shift'&ifferences'may have been too small fo splitting to

//) '
' ] o
| \

The-observed carbonyl carbon 13

C chemical shift values
as 'reported are the net result of vafious factors. The
carbonyl carbon Will expérience a normal y effect fro; the
C-2~me£hy1 group. In addition, there will be § effect con-
tributions from the N-1 substituent and ‘from the 3-aryl
group. The latter effects can be expected to be debendent on
the steréochemistry of the %—aryl group. There:is élso a
possibility of a conjugation effect which Qill be dependent
on the stereochemistry of this groub, and inductiop effects(
of the aryl substituents which will be ipdepeﬁdent of stereo-
chemistry. Finally, there is'# contribution from the solvent
effect. The net chémical shift will'be’ he sum of all these

effects. These are the variable influences which-are altered

by changes in substitution patterns.

. ( ‘ / )
The Upfield y-Methyl Substituent Effects on the C-4 Carbonyl

Carbon

N » "’, e

[

'd

s T2

The observed upfield substituent shifts on the C-4

[P IPURE ¥
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carbonyl carbon for the addition of a methyl gfoup at C-2
are 4in the range of -0.2 ppm and -1.0 ppm. Table XXVI shows
the upfielh'y-mgthyl substituent effect on the carbon-13
“chgmical shift values of the carbonyl carbon iﬁ 3-aryl-2,3-

dihydro-4(1H) -quinazolinones.

For 3-aryl hydantoiné,%Williams44 has reported the

observed substituent shift values of the C-2 carbonyl carbons

to be -1.0 ppm to -1.2 ppm for the addition of a second
A . .

methyl group at the C-5 position, for the hydantoins bearing

a-naphthyl, o-chloréphenyl, o-trifluromethyl phenyl, or
o-tolyl as the 3-aryl group. Icli 17 has reported y-methyl
substitution shifts of -1.1 ppm for l-aryl hydarntoins.

L)
The increased shielding of the (-4 carbonyl carbon with

the increase on the numbg; of C-2 methyl groups might be
attributed, in part, torthe increase in the dihedral angle
and decrease in conjugétion between the quinazolinone ring
and the N-3 aryl group, ;esultiﬁg in an incfease,in the

electron density of the carbonyl carbon.

As’ mentioned earlierAin the discussion on solvent
effects, in the cis confprmatibn. the solvent is expécted
“to experience minimal® steric perturbation.in approacbiﬁg the
carbonyl carbon from the side transoid to thé N-3 ortho

tsubstituent. The carbonyl carbon would experience effective

solvation resulting in further shielding of the C-4 c%rbonyl

/ : . »
, .
~ ‘ , o
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XII
XIw
I1I
XVl

v

XXIV

COMPOUND
NUMBER

-

;,,

+

3-ARYL-2, 3-DIHYDRO-4 (1H) -QUINAZOLINONES

.\F'TbF}L'
o-TOLYL
_o-CZHS-w
o=CzH5—¢

a-PYRIDYL

a-PYRIDYL

TABLE XXVI

~© " THE-UPFIELD v METHYL SUBSTITUENT EFFECT ON g 13
- CHEMICAL SHIFT VALUES OF THE C-4 CARBONYL CARBON/IN

|
|
a

&

i
.
-
|

i

3

i
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© TABLE XXVI (comt'd)

A
p - -
THE UPFIELD y METHYL SUBSTITUENT EFFECT ON THE ->C
‘ Al v - ‘ N
+ . CHEMICAL,SHIFT VALUES OF THE C-4 CARBONYL CARBON IN
; oL " .3-ARYL-2,3-DIHYDRO-4(IH)-QUINAZOLINONES =~
¢ ‘ ] . - ' . . - -
n ’
1 s ’ :
g R ) “ ] . p ‘ ‘
- - *
6 QUINAZOLINONE . CHEMICAL SHIFT DIFFERENCE
N P , . ppm. .
~ ) ¢ " o ‘ . & . .,‘f . ' Ce
: SII VI . - 0.59
i L, L
\ . VI + I - 0-40 3
: XII + XIV = 0.20, : e
III > Xvie . ¢ -0.79 |
j C IV > XXIV ‘ - - 1.00 o ‘
% - - '
', » : ' :
’ negative shift upfield based.on TMS convention » -
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". carbon. Compounds IV + XXIV, where .the N-3 substituent is

a-pyridyl, exﬁerience a gyeater Y—mefh}l substituent effect

than the 3-o- tolyl compounds (YI + I). The nltrogen in the

Yprridyl group, produces by electron attraction, a deficiency

Y

N

\
of charge in the ring carbon atoms resultlng in a greater
Y

—methyl substltuqlon effect Compounds XII -+.XIV, where the
c-2 substltuect is C0202H5 , e§per1ence‘a small YimethyL
upfield shift compared to comgounds‘iI + VI where the C-2
substituents are methyl, possibly due to the electronegat1v1ty

U

of the substituent. o . .

|
(\N 3. Upon addltlon of a second methyl grdup to C- 2, the

y-methyl substltuent effect is reduced from -0.59 to -0.40

\ \

PpPm, respectlvely, in the N-3-0- tolyl compound possiblx due

to the solvent effect., As mentioned earller i the cis
y

-

/ H
* . conformation, the solvation around the carbonyl carbon by

kg
- DMSO would be hindered f¥om the side transoid to the ortho

’substituent. compared to the C-2 monomethyl compound s
resultlng in a deshlelding contrlbutlon to the c- 4 carbonyl

\

carbon shift.
- ) T
Icli 17 and Khadlm ?? have “shown that the Y—methyl
substituent shifts for 3-aryl hydant01n carbonyl @hxbons
are rglatively insénsitive to the polarlty df the 3-ary1
ortho substituenté In 3- aryl thiohydant01ns the o-tolyl and
; o-fluorophenyl .thidhydantoins: have Ynmethyl substituent shifts

-

of -3 97 and -3. 47 ppm, respectively




Stothers and Dhami 9 have found that‘(Table XXVII) both

non polar and polar bulky ortho aryl substituents cause

\

' desﬁieiding of the carbonyl carbon of metﬁx{\éryl ketones.
The ortho substituent deshields the carbonyl “¢arbon by up to
4 ppm due to decreasing conjugation .associated with an

Ll

increase in Van der Waals radius of the ortho substituent. -

» :

: . v v '
The .y-methyl substituent shift of 3-o0-ethyl phenyl-2,3-

dihydro-4(1H) -quinazolinone is slightly greater that that for

3-0-tolyl-2,3-dihydro-4(1H) -quinazolinone. This observation

v —

"cannot be explaine&kusing the above arguments.

& .SUBSTITUENT EFFECT ON C-4 CARBONYL CARBON

3

- »

. |
The § effect will be discussed in two parts, namely. tbe

_.w’

upfield N-1 methyl substituent*effect and the downfield N-3 -
L . .

. Lo}
ortho substituent effect.

e

T4

The observed upfield N-1 methyl substituent shift on

the carbonyl carbon (Table.XXVIII) ranges from #0.60 ppq‘éo

'
»

~0.80 ppm. ‘ : /

Tarples and Goldstein have reported § effects in uracils
\' E and F. .‘ ) ' <
Yo, ' I R

‘ .

'
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TABLE" XXVII
V ' 919 A
CARBONYL CARBON SHIELDINGS IN SOME KETONES ' ’
.t .
&'
ARYL~G—CH,
0 'a
@ . .
J I " e
" ARYL CHEMICAL SHIFT -
‘ (ppm) e
» ' “ a (
" PHENYL ' ’ 196,0
R A o .
0-METHOXYPHERYL w— 197.8°
o-CHLOROPHENYL - 198.7
0-TOLYL -\ 199.3
2, 3-DIMETHYLPHENYL 200.6 :
. .‘“ : < \ \
. | ~ | N
. ’ *

P TR T
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'A\QLE XXVITI .

®

THE UPFIELD § METHYL SUBSTITUENT EFFECTS
ON THE C-4 CARBONYL CARBON OF SOME
.« 3ARYL-2, 3-DIHYDRO-4 (1H) -QUINAZOLINO&ES

\. ‘ A

P N
H,N0,S TN
' ° 0,
. \
- }
19
COMPOUND RN\ R, -
NUMBER ' : 1 %2
VI 0-TOLYL _ H H
XXI ' 0-TOLYL cH, H
v «-PYRIDYL H H
- ~
Vo a-PYRIDYL CH, H &
. r
QUINAZOLINONE CHEMICAL SHIFT
. DIFFERENCE-
. (ppm)
VI + XXI ' - 0.60
\ «
iv->vV - 0.80
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Ny :
N , KN CH3 ¢ )
0% .
N \d
- }‘l 0o O l‘\l'
S - |
A B ”
5 1:;‘2'8 o2
‘ . CBO . pm 6C=0 152.3 ppm
' . J '. . ’ ) F

N ' \ 1t
- Y

The 0.5 ppm ugfield $ metth’substituent effect observed
for uracils where C—ﬂ\is replaced by C- CH3 is of similar
magnitude as in the 3 gryl 2,3-dihydro-4(1H) -quinazolinones
where N-H is replaced by,N—CHB.

'The observed downfield § effects of the N-3 aryl -
substituent on the carbonyl carbon chemical shift range from .

}

0.20 to 1.88 ppm, respectively.

N
-

On the basis of* reports in the literature, the § effect
of the ortho aryl substituent would haWe been expeezes‘to
cause -an upfipld shift on the C-4 carbonyl carbons.: The
downfield § effect of N-3 aryl subg{ituents.o; tﬁe carbonyl
carbon chemical shifes are shown in Table XXIX.

3

3-0-Tolyl-2,3- dihydro 4(1H)-quinazolinone (compound VI)

18 the reference compound used to measure the § effect of the
i

s J




. TABLE XXIX

PR
1 4

L4

DOWNFIELD .8 CHEMICAL SHIFT 6F CARBONYL CAﬁBON OF
!
3-ARYL-2,3-DIHYDRO-4 (1H) —QUINAZOLIN&S

. c1
\ . Ly
/
" COMPOUND S CHEMICAL SHIFT
NUMBER \ DIFFERENCE
| (ppm)
) - ‘ .
|
|
VI ’[ | & CH3 " 0.0
XVI | C,Hs Y 0.20
)’ '
XV “CH,,OH 0.20
! X
XVII < . CFy ~ 1.88
: XVIII 2,6-DIMETHYLPHENYL 0.20
R .@2,4,6-TR1METHYLPHEM 00
: XX + 2-METHYL-4-METHOXYPHENYL . 0.59
; XXITI m-TOLYL 0.40
i . gy

e bt
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ortho aryl substituent in the series studied.

The C-4 carbonyl carbon chemical shifts are shifted to = N
sﬁccessiveiy lower fields on replacement of the ortho methyl §
substituent in the order: C2H5 = CHZOH , CF3 . Icli17 and }

* Khadim 22 have observed downfield § chemical shifts of 0.20 4 ;
ppm and 0.7b‘ppﬁ\in l-aryl hydantoins and 3-aryl thiohydantoins. 3

9

The ortho substituent is expected to be quite close to

PP I

the C~-2 methyl group. Due to fhe bulkier ortho aryl sub-

\ stituent, the dihedral angle coyld be expected to increase

because of steric interaction between the C-2 methyl and the :

N-3 aryl substituent; similarly conjugation between the
hetero ring and the aryl ring is expected to de¢rease. Due i
to the bulkier ortho aryl substituent, the solvation of the

!

\
carbonyl carbon by DMSO would be hindered. The net result of

the above‘effectshshould be to cause a deshielding of the -
é . carbonyl carbon. It should be noted that the o-trifluoro-

ﬁhenyl C-4 chemical shift is greater (ie more deshielded) ‘ g
than that of either the oaqghyl or the o-CH20H phenyl

&ompounds. This can be attributed to the electronegativity

of the fluorine atomé\aﬁich would incréase the deshielding

of the carbonyl carbon by inductive electron withdrawal.

Apart from the steric bulk of the: ortho substituent, ¢

the electron withdrawing substituent on the aryl ring seems

N - to 'play an important role in the § substituentféhift values.
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S * The deshieldﬁhg effects caused by the preseﬁej:%f a
é ' pdiar group on the aryl ring can be examiﬁed!!} comparing the

o-tolyl (VI) -and 2-met'hy1—4méth:oyxvy phenyl (XX) qompounds‘)’

below. The presence of the ﬁethoxy group in the para position

deshields the carbonyl carbon by 0.59 ppm compared to the
b-tplyl (VI) compound. ) ‘
% 'S . '
H ’
{ ol I H ¥ ,
; N el N
¢ : CH
- H,NO,S 3 0.5 N
) " HZNOZS 1\
0 i
. 0
ps M .

VI

: ; XX N ‘
‘ .‘sc-o 160.24 ppm ‘ 8. 160.83 ppm \‘

. / ‘

Khadim 22 has reported a .similar type of polar aryl
substituent effect, in 2-methyl-4-nitrophenyl hydantoin, in
which the C-2 and C-d carbonyl'carbons are deshielded by 0.55 .

and 0.83 ppm, respectively, as compared to the corresponding

carbonyl carbons in o~tolyl hydantoin.

N
’

The environment of the carbonyl carbon in 3-ary%:2,3-
"dihydro-4 (1H) -quinazolinone can be compared to the environment

of the carbonyl %Foup in the following substituted acetamides.Z?

iy ]
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The presence of the nitro group in the para position on
tﬁ;\EEyl ring deshields the carbonyl carbon in the acetamide ‘
by 0.9 ppm. Both resonamge and inductive effects may be \
responsible for the observed deshielding of the carbonyl
carbon in substituted. acetamldes, however the resonance
effect w'uld contribute only slightly. to the deshielding of
the carbonyl carbon in” the 3-aryl-2,3-dihydro-4(1H)-
quina§olinone, since the aryl and the'heFero atom are
expected to have a }ar%e dihedral angle -between them. Although,
the presence of the resohance effect is considered to behvery

b - . -
small because of the large @ihedral angle between the two

. rihgs,.there is a\?ossibility~of resonance contribution to

the carbonyl carbon from the resonance structure H in which
thé inducﬁive effect can influence the carbonyl carbon ‘!
siiqldingih5re forcefﬁlly than étructqre'G. .
‘ .
The partial positive tharge on H is expected to shield

the carbonyl groups, which would imﬁly the reversal of

2
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OCH;

[ St n e SR

~ -
>

direction or the retardation of the inductiveeffect.

o

Asg)entioned previously, the obserx;z{l chemiéai shifts

are the results of ‘the various effects. Since the carbonyl
- . Barbon ‘experiences a net downfield § effect with the N-3 aryl
. para methoxy subétituent, the solvent effect would be expected

to contribute largely to these observstions.

. .
*
S . ¥4
(-] ' ’f‘:

Other Considerations Affecting the C-4 Carbonyl Cabron. —

Chemical Shift

J. o .

Due to the .steric interaction between the .ortho sub-

! stituents of the N-3 aryl group and the substituents at the

o r
C-2 and C-4 position of the- hetero ring, the aryl group is

forced Gt of co-planarity with the rest of the molecule in
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" chlorine atom causes a slightly shielding & effect similar

r 128

the ground state configuration. It is probable that the

. dihedral angle between the rings will be affected by the

gsize of the C-2 $substituent. These séé;ic effects'ofAthe c-2

.substituent could be transmitted to the carbonyl group via

" the 3-aryl group.

LS

~

The chemical shifts, relative to 3-o-tolyl-2,3-dihydro-

1] , s -
4(1H) -quinazolinone, of varioué C-2 substituted quinazolinones
! | H

P

are shown in Table XXX.
!

—

a - \
Exchanging a hydrogen for a methyl group in the 2-ethyl

compound (VII) does mot affect the carbonyl carbon chemical
shift. Further substitution to give the 2-isopropyl compound
(VIII) causes & slight shielding effect. These data suggést
that, 'since the methyl groups of the isopropyl grodp are
fairly remote from the N-3 o-tolyl group, no steric irrter-
;%Eion effects are obse;§éd. Exchanging a hydrogen for a .
in magnitude to the shielding of the isopropyl group. Where
two hydrogens have béen replaced by tw; chlorines, the

-shielding of the carbonyl carbon further increases-as expected.

‘\\ The C-4 carbon signals of compouﬁds XI and XII are’
shifted downfield. Pearson 33 has observed similar results\
'in ortho substituted toluene compounds and attributed them

| -

to inductive effects, but this explanation does not appear

to be adequate in the present case.

a\\ ’ ' .

[ VMU U Y




TABLE XXX

1 >,
??k ; . -
‘ff -~ c-2 SUBSTITUENT‘lFFECT/Oﬁ CARBONYL CARBON SHIFT IN'
, ’ ‘ 3-ARYL-2 , 3-DIHYBRO-4 (-LH) -QUINAZOL INONES .
;% a /"
B ’L “ /'
: - \ IE{ZJNOZ‘S
K /, .
. | o ,
g COMPOUND NUMBER ' : R
;‘ S N -
l- VI ‘ - R CH, -
l me e,
) | VIII ' CH)CHyCHy . .
}‘ . IX Cit, C1 : '
‘ " —~ . . X ‘ ~ CHC1, . .
| | I ‘ CH,OCH, '
| o SR <2 S ' ' €0,C, H,
| ' o oxmI - PHENYL.,
" QUINAZOLINONE " CHEMICAL SHIFT DIFFERENCE (ppm) °
: VI » VII o 0 .
| . Coyrevizoo ° - 0.4 ]
R VI »IX . - 0.4 )
VI + X s -0.8 ‘ T
. viex@o. +0.22
| I+ XII b +0.79
| VI + XIII - 0 o
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No chemical shift change was observed for the compound

béaring the C-2 phenyl subst:ituent -
. . . . N %

Summary : -

L

-

The ddminant effectsvon the shielding of the C-4 carbonyl

carbon are obtained with C 2 substitutlon Addition of methyl
' groups to the C-2 carbon results in the shieldn.ng of the
carbonyl carbon by 0 2 to -1 00 ppm Changes in the C-2
- substitution pattern causes variable inf‘ﬁlences on the C-4 }
- carbonyl ca{b\on chemical shift.
N-1 methyl substitution causes oa shielding of -0.60 to L
-0.80 ppm of the carbonyl carbon. The § effect ca'used b'}" N-3

o °.f{‘“qry1 ortho substituent variation causes the carbonyl carbon

.. " to be shielded by 0,2 to 1.88 ppm.

~




C-2 METHYL CARBON CHEMICAL SHIFTS . .

The ' C-2 methyl carbon 13 chemlcal Shlft values for the \

3-aryl-2,3- dlhydro 4(1H) qulnazolinones are given in Tables
i
XX to XXIV. Due to the large variety of substituents, the

values cover'a broad range from 15.88 ppm té 29.61 ppm;

.
. 4

~~
.~

¢+ s

On the basis of their stereochemistry, all of the 3—arylt

PRI A T ARG, et

2,3-dihydro-4(lH)-quinazolinones which have diasteriomef&c
rotamers can be” expected to show double peaks for the C 2

methyl: carbon 31gna1. Some of the quinazolinones do not show

LS

R ol

these doublets; however, the reasons the other compoun@s do

et

. not show the'doubletsnhave been discussed earlier- Q
| ‘ - ' | g .
As see; f;om Table XX, two'peaks corresponding to the
\ : ; two Ci? me&hyls in compou?d i appear at 27.02 and 28.41 ppm.
‘Xi Since the ortho substituent on the aryl ring is well

sepagateg from the C-2 meﬁhyl group,.pon-boﬁded steric inter-

4 [\

> .. actions between them is negligible. The effect of the steric .-

{}- \ ’ crowding on the aryl ring ghould,be transmitted to the &-2
§ . , methyl groups vta re-orientatién of the unsymmetrical solvent

-shell around the carbonyl carbon. .
' . ™ -

3 , 2 - -

: DMSO'ié,a‘pyrémidalfhdlecule having 4'non—planar con-
9 ' N . N - -

S ‘figuration. It is known from Ly NMR measurements that the"

o

A _ magnetic anisotropy in such solvent molecules leads to lower
. \ field shifts of the solute moletees.4 The methyl group of )
<9 ‘ N ) ) : . ! ° ‘ 5
\ - .

\ ' ~ . . - . -
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LT~ v , . , «
o ///t;é 2 2'- dimethyl transoid to_ the ortho substitgént may

N\

o

‘e

F o
- the transoid C-2 methyl group and the DMG0 solvent shell

~
.4

be- considered as lying in cIose proximity ‘to the solvent

-

shell dround the carbonyl: group. Varlatioés in dihedral apgles

.arising from different substituents in the ortho position -

should-give rise to different extentsof interagfiion between

AN
\\

arounid C-4. Khadim 22 \h?s.determined the magnitude of .de-

[—r A

'shieldihg of the transoid C-S methyl carbon in 3-aryl thio-

hydantoin relative to the o-toly} thiohydantoin to range from

- 7.14 to 7. 66 ppm Khadlm 22 has shown that transoid C-5

2

LR

’

i

: methyl carbon of 3-aryl thiohydant01ns is deshlelded by

approx1mately 1.2 ppm compared to the cisoid C 5 methyl

o
i

carbon

E

- Tnese results were conflrméd in this present stydy where

7 the tran501d c-2 ﬁ\thyl carbon is deshlelded hy approximately

-

1.4 ppm oompared to the cisoid C-2 methyl carbon. ,

\ ' N

s
" e a

* 1
Tu - ° v

Downfleld B- Methyl Substituent $h1ft Effect on. the C-2 . e

N s o'

Methyl Carbon

The downfield B-methyl gubstituent shift effect on the
C-2 methyl carbon for the addltion of a second methyl group | v

dn 'C-2 was found to be 6. 16 ppit. (Table "XXXL) ' :
’

<

'Wi.lliame 4,4 ;'inli _1? and Khadim 2{ have found B-methyl

¥ &

T
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\\\\ \\\\\\\\ " TABLE XXXI . \

DOWNFIELD B METHYL SUBSTITUENT SHIFTS ON THE C-2 METHYL

=" CARBON IN‘}—ARYL—2,3-DIHYDRO—4(IH)—QUINAZOLINONES
o

o~ -
)‘r
i -
N ¥ \\
COMPOUND 'Ry " Ry . "CHEMICAL SHIFT
‘ - DIFFERENCE

NUMBER .
- ’ L (ppm)

Lo vy
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" Paul’

substituent shifts of 5.70, 4.48 and 7.28 ppm, respectively,

for 3-aryl, l-aryl and 2-£hiohydaqtoins. Grant and Paul 13

0

have found a B-methyl substituent shift of 7.2 PPR in alkanes.

J )
i

Thg downfield shifts of the methyl cprbon in thg 2,2-di-

methyl quinazollnones w1th respect to the 2-monomethyl quin- -

azolinones, are attributed to dojlnant thrdugh bond inductive

effects. o

“

The Upfield v Substituent Shift on the C-2. Methyl Carbon

.

ﬂ- g

The c&rbon -13 chemical shifts o the C 2 methyl carbons
with N 1 substltuents are-shown in Table XX As shown in

Table XXXII, when the N-1 hydrogen substituent is replaced

. with a methyl group, an upfield shift of 4. 98 ppm is observed,

whereas when the N-1 hydrogen is replaced with CH2-$, a 3.98
\ .

ppm upfield shift is observed.

%im%lar «upfield ¥ substituent effects of 2 6 ppm were

observed by Lauterbur : Grant -and

13

for substituted anilines.
have observed Y substituent effects of'2.5 ppm 'in

linear alkanes.

N o 134
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S SR TABLE XXXII \¢

’ <
UPFLELD y-SUBSTITUENT SHIFTS ON THE C-2 METHYL ‘CARBON IN
A . 3~ ARYL-2,3- DIHYDRO-4 (1H) - QUINAZOLONONES
. R

— ) . : 11 ,R

c N
; 1 CH;
: \ CH ‘
o1 B,No )] " 3
: ) 0 .
N . ‘
N\ -
\l . ) . i ]
COMPOUND R R, CHEMICAL SHIFT
NUMBER r 0 » DIFFERENCE
' ’ ' (ppm)
v \“ ‘ ! . T
. VI TR § H 0 ‘
©OXXI | CR, H - 4.98
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The ¢ Upfield éﬁbstituentkEffect on the C-2<Methyl Carbon

. \ a

Fhe C-2 .carbon-13 chemical shifts OEVB-aryl-2,3-dihyd;o-

4(1H) -quinazolinones are ;hown in Table XXi.ﬁ
5 l ' n -

As shown 'in Table XXXIIT, the e upfield substituent .“
effects of the N-é aryl ortho sﬁBstituent on the C-2 meﬁﬁ&l
signals vary ‘from 0.0 to'0.9 ppm. The C-2 metbyl'carbon
chemical shifts are shifted to successively higher fields in
the sequence CH, = C,H ; CH,OH ;4,4,6-trinethyl ; 2,6-di-
methyl ; and CF3.

~

3

Icli 17$ has observed € upfield shifts of 1.1 ppm in

13

similar compounds. Grant and Paul have determined the ¢

,shielding effect to be 4+°0.1 0.1 in alkanes. S,
The € effect in 3-aryl-2,S—dihydro-Q(lﬂ)—quinazolinon s
is attributed to the steric bulk of the N-3 aryl ortho sub- Y
stituent, however solvent effects must also be considered.

.

. Variations in the dihedral angle arising from the
variation of the N-3 aryl ortho substituent would give rise g
to the changes in the degree of solvation of the C-4 carbonyl
group. It has been previously shown that an increase in
steric bulk of the N-3 aryl ortho substituent causes an

3

. 8 ] . - .
increase in ‘the deshieldiﬁg of the carbonyl carbon, probgbly
. e

caused partly by changes in the degree of solvation. The

PRI T
.
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THE € UPFIELD SUBSTITUENT EgFECT ON C-2 METHYL CARBON IN .
3-ARYL-2,3-DIHYDRO-4 (1H) -QUINAZOLINONES

" .COMPOUND
NUMBER

VI
XVI
XVII
XVIII

XIX

XXIIT

XXIV

TABLE XXXIII

< £

, =
' T
" cl N ‘1
\1Z—-CH3
HZNOZS . N-s\\\' '
5 X
R, X . CHEMICAL SHIFT

oo | DIFFEREN

) o ' (ppm)

» ’ \

H o-TOLYL 0 ,
H . 0-CH,OHp .- - 0.40
H - 0mCyH5-P 9 |
H 0-CFy-p - 0.90
Y -

H 2,6-DIMETHYLPHENYL - 0.80
H 2,4 ,6-TRIMETHYLPHENYL - 0.60 |
T ' - 1
H  2-METHYL-4-METHOXYPHENYL. .- 0.40 . |

H m-TOLYL . 0.0

. \ N ‘ Y)
H o-PYRIDYL - - ' - 0.20
’ . b : .

CH, - H + 8.75 i -
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shielding of the C-2 methyl group may also be somewhat

! .
- dependent on the degree of solvation.

From the data presented in Table XXXIII, it is abparent

P

that the steric bulk of the N-3 aryl ortho substituent and
¢ solvent effects are not the sole contributions for the ¢

effect. The chemical shifts of the C-2 methyl groups are

A g eyt ko

r . probably somewhat depéndent on the conformation of the hetero

" ring which, in tﬁrn, are likely to be affected by changes in

e BV

substitution patterns. When the N-3 aryl substituent is
replaced with hydfogen, a large downfield shift is observed <
/ : due to the decrease in‘conjugation,‘in conjunction with a
smaller contribution resulting from the anisoéropy of the

aryl group.

o
L e o g T B G e

‘ Other Considerations Affecting the C-2 Methyl Carbon
- - N ]

3 . . ' ‘ ) , :
\\ The carbon-13 chemical shifts of various C-2 substituents

/
of 3-(Q—tolyl)-2,3-dihydro-4§$¥)~quinazolinones are shown in

‘Table XXIV v J

The ¢hemical shifts of these compounds are compared to

model compounds (Table XXXIV). Exchanging a hydrogen for a ‘ ‘ 3
methyl group in C-2 causes a downfield shift of 6.36 ppm,

ik

while further substitution to ggive the isopropyl substituent

vauses a 15.31 ppm downfheld shift. The inductivé effect )

: | | K | -

b

ks B A SR s o
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‘ TABLE XXXIV

THE CARBON-13 CHEMICAL SHIFT VALUES OF MODEL .COMPOUNDS AND
C-2 SUBSTITUENTS IN 3-ARYL-2,3-DIHYDRO-4(1H)-QUINAZOLINONES

1 N
N

\
4

MODEL ‘CHEMICAL Cc-2 CHEMI CAL

COMPOUND _ SHIFT SUBSTITUENT  SHIFT
(ppm) - (ppm)
* L
<:c9-cu3 . 213 CHy - 20.86
2 * 1 29,3 12 - 27 22
@‘éﬂzc‘% s 216.8 CH, CH, 2 18047
| 1 2 3 * ; gg'g 1 2 3 ; $6°17
: 13.50
@CHZCHZCHB 3 14.9  CHpCHpCHy 5 12712
' cn,. ok - 2.3, cH, 20.86
CH,C1 ** 24.9 CH)Cl  ~ <47.50
CH,C1, > —\52.0 CHCL, 75.34
. .
1 2 . 1 10 27 3 1 160
C—OCH : 166.8 169.58
i3 2'51.8 «  COCHCHy 22 0y
0 1:25.68
*
1 2 o
§OCHCH 003 g0, L Yie9.37
° . rsaa CHyOCH;  2i58.63 -

|

Reference 18 ’ **Refgrende 28
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observed for these compounds is anélogous to the g and B8

39 18

s \ 4
effect of 9.1 ppm observed by Stothers and Johnson. ™7

*

" ' o The inductive effects are responsible for the downfield

shift obsérved when the C-2 m?thyl hydrogens are successively
feplaced by chlorine groups. The downfield shift observed

was 26.6 ppm for the mono chloro and’54.48 ppm, for the di- ‘ﬁ
chloro methyl substitu;nt. Similarly, the inductive effect

is responsible for the observed chemical shifts due to

1

replacing the methyl hydrogen by OCH4 and 0,CH, CH,.

'
v

Summary ;
. The C-2 methyl carbon lies out of the plane f the
_ hetefo ring, thus'shielding éhanges are dominated largely
. by the steric interaction of the ortho aryl substituent, the

B effect of the additional C-2 methyl and the ¥ effect of

<
the N-1 methyl group. . - u
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Cf2 CARhON CHEMICAL SHIFTS
. C -
The: C-2 chemical shift wvalues arinhown in Tables-V,
VI and VII.

L)

[}

Due to the great véfiety‘of substituents on the

quinazolindne ring, which affect the C-2 chemical shift, the

_C-2 carbon chemical shift valpes_range,frOm 56.85 ppm to

173.75 ppm. .

_/Eﬁe chemical shift values of compounds (J) where C-2

sub§tituents are either H and/or met metﬁ?l groups, fall into
three distinct regions: 60.62 to 61722 ppm for the dihydro

compoundé 66.59 to 67.98 ppm for the monomethyl compounds

and 72 55 ppm for the dimethyl compounds.

\ On the basis of their stereochemistry, the C-2 .carbon

atoms of the diastereomeric rotamers can be expected to show

" double peaks. However, only a few compounds showed the double

‘peaks for the C-2 carbon (coﬁpounds X11I, XIV and XX). It is

\'possible that the chemical shift difference between the &-2 .
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—_— /

carbon atoms in the diastereomeric rotamers is too small for

o resolutlon ‘to be p0331b1a The chemical sghift differendts

; ‘ which were resolvable ranged from 0.2 to 1.99 ppm.

Y

Downfield o-Methyl Substituent Shift om C-2 Carbon

" The lobserved g-methié‘gubstituent shifts on the C-2-
carbon for the addition of m thyl groups are presene?d in

Table XXXV.

The a-methyl substituent shifts for the addition of
ne methyl group range in value from 6.16 to 6.95 ppm, while
the shift for the’ addltion of twb successive methyl groups

‘range from 5. 16 to 5.27 ppm

’

-

I ‘\ c

) .
- 'It\xgpuld be noted that, as in the- casg.of the down-
field B and upfield vy methyl substltuent effects, the a—methyl
. substltutlon effects as reported in Table XXXV are net effects

-
of various factors the true o effect being the major one.

* The variation in the degree of solvation around the carbonyl
carbon vas well as re§onance\and iﬁductive effects could glso
contribute te the observed a-methyl substituent effect. The

. inductive effect woyld-be the major contribution to the k\\/)
‘ observed "a- meth}lifZ1stituent effect. Lo

b
-

L]

| Thg'&-substituent shift for the addition of a phenyl
group was observedgpo be 13.12 ppm (compound XIII). This.

. ' |
|
\
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TABLE XXXV  ° C -

THE DOWNFIELD a~-METHYL SUBSTITUENT EFFECT ON THE

CARBON-13 ‘C-2 CHEMICAL S\FT VALUE IN

3-ARYL72,3—DIBYDR0—4(1H)-QUINAZOLTNONE , .
. / '! . "
P . . H N
{
H,NO,S N\R v : 1
COMPOUND R R, R, CHEMICAL SHIFT
NUMBER ) .. DIFFERENGE -
- | IS (ppm)
II ' o-TOLYL H .. H ' T N
'VvI  o-TOLYL H - CH, } C6:77 \
I | o-TOLYL iy Gy 5.6 4, -

8 3 0-C Hs-P H . BT -

. A - _ ‘ : . S

&)\ ‘ XV 0-C,Hs-p . H Gi; . 6.16 .

4 a-PYRIDYL . H H - .

XXIV'  o-PYRIDYL.. H Gi;° . 6,95
\1;/ XII . . o-TOLYL H €0,C,H, . -

0-TOLYL CHy  CO,C,H, 5.27 .. =

! y R
' ‘ a v
% {
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. .. . / v . 1]
downfleld Shlft is due to the detrease in electron dens1ty
S \
.+ on the C -2 carbon together with the contribution from the

| . . magnetlc anlﬁotropy of the phenyl group. Levy 28 has observed

: 31m11ar substituent values of 13 10 ppm for blphenyl

‘ Downfield g-Substituent Shift Effects on C;2 Carbon

a

¢

e T TR T

The ‘observed R~ substltutlon shift effects of the C 2 =~

s
[T
a

carbon are shown in Table *XXVI The values range from 2 38 '1

e

- \ °  ppm to 6 95 ppm and are dependent on the partlcular C 2 sub-
= {

A o~ stituent. Model compounds used é?fcompare the observed
chemical shift are shown in Table XXXVII.
Exchanging the B hydrogen by a methyl group deshields
c-2 By 5.27 ;pm,te 6.95 ppm. Theoinductive effect observed'\
fer these eompounds is analogous to B effects obs d by
'Stothers.39 -When a B hydrogen is replaced ba a chlor1ne
" atom (ceumound IX) a 3.77 ppm downfield shift is oBserved;
.while a shift of 6.36 ppm is observed upon further chlorine
substitution (compound X). Incré€asing tne electronegativity

'u

of the substituent“enhances,phe deshielding'of the C-2 nucleus.

o -

These results are in agreement with those of the model
compounds The magnitude of the observed shielding differs
from those of the model systems due to the diffegent type of

compounds involved. .
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_ + TABLE XXXVI
. ‘ T ‘ ' 5 ) .f’
[ ° |

DOWNFIELD 8-SUBSTITUENT EFFECT ON C-2 “CHEMICAL SHIFT OF
3-ARYL-2, 3-DIHYDRO-4 (1H) -QUINAZOLINONE |

1
i

& .
o R v £ !
v . W .- 11 H i
c1 X
- .
H,NO,S N
. : 5
3 ,
COMPOUND - R '
NUMBER . o :
vi © °  H
&I A TN
!vn W tu - CH,CH, ) 5.17
IX H 5 T CHCXL 3.%7
X H N > | CHCl, 6. 36
. XI_ . H . cugocu3= 5.56
. . ~ e -
. XII M . H c92C2H5 " 2/, 38 *
* . .
X1V ) CH;, | °°2°_2“5 P s.27
Voo CH, ° a-PYRIDYL 6.95
i . / . °
,\_ ’

_chemigal shift of compound - cheniic/al shift of mone{pethyl

/

compound. - .

&’ v
4 C A

145
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L o TABLE | XXXVII ’ .. (3N =z

v .
“ . A . . ?
. B J
. . . oas R . N
' : . : . * -
PRl ' 3 0
‘ E
IS

- 4

~ LN .
. TR

—~. * MODEL {OMPOUNDS USED-TO COMPARE THE

. ' '
’ ' CHEMICAL CHEMICAL SHIFT
SHIFT - . DIFFERENCE-

. o : . [/ . (ppm)

[ ¢ @ H.,CH.CH - 142.5 \ 4.7 )
N 2772773 \ N
: N 5 .o /. . ! I =
%* \ « R
¥ oy >:9 0 .

-/ tay-cHel .- 62.2 71 56.3° . .
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A
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4 '
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"“ The inductive effect may‘also be responsible for the
varlatlon in the observed chemiéal shift between C-2 substit-
uents 'of CHZCH3 » CH,Cl and CH, C,Hg w1th shifts of 5.17 ppq
3.77 ppm and 2.38 ppm, respectively. The differences a\:e due’
to the diffe:enceQ\iie/le\ctronegativity of the particular

4

Ty substituent. o '

L) - N . ’ . Ly (

. ) ,

¢ ' L -

The Gpfield y-methyl substituent shift observed for
= ' ! L.
. compound VIII, where the 'C-2 substituent wag n-propyl was _

3 - ¢
- - f&ld to be - 2.00 ppm. This result is con31stent: ‘with the

- 2.5 ppm Y shift m’alkanes 13‘ ,
' : ,
. o » r . .

"\ ‘
- * 5 L4

- " § ‘Effect on the Chemicgl Shift of ClZ Carbon Yo e
L3 \ a A . Ct -
} : P A

. A The observed & chemital shifts of C 2 carbon are

- . shown in-Table XXXVIII "The chemicMl shift values:. range from

\ , -080‘to+040ppm : L

_, A ‘ | . :
'\‘ . LS : R ) <

« Khadimvz, Icli 17: and Williams‘ 44 have reported

Py
- ~ s

increamgtg deshieldmg effects vith 1ncreasmg bu1k17ess of

ol
the otho substituents in 3- aryl thlohydantoms,gl aryl
1 Iﬁ!antoins and 3- aryl hydantoms, respectively Lauterbur 2‘6
S
: " has reported an incraasing deshieldlng effect 1r1 N,N- dimet:hyL

\_ “ an:[_lines as the ortho hydrogen 1s replaced with a methyl
' . -

~

, . group.
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’%kBLE XXXVIIT

L .6 \CHEMICAL SHIFT ON C:!'CARBQN IN :
3-ARYL-2, 3-DIHYDRO-4 (1H) -QUINAZOLINONES .
' »
‘ ¢
. N . H -
y . ‘Cl . & i
P ! - ; ' s N CH3
‘- s ¢ .
- \\ \f N
ht c \
H-ZNO [5as \R \’
? lﬂ DO. \ \ .
\ ~ ‘ - e t
'
rs ’ H ‘
) . \ ‘ ® o
COMPOUND i R 'CHEMICAL SHIFT .
. NUMBER . DIFFERENCE *
. ' . (ppm) . .
\ R 1 : CN
VI ~ - o-cu3-¢ N 0 '
XVI -CHZCH3 - ' ; o .
' ) r
, XV o ~CH, OH- ¢~ Ay 0.40
o~ XVII 0-CFy-0 |- : ?-91é
. XVIII 2 A 6-DIMETHYL -9 ‘ -Q.80 B
XIX 2,4, 6 TRIMETHYL-9 -0.80 )
] #, [ v
: XX 2- ME;HYL 4-HETHOXY - (~0.40 .
XXITI . m~CH3 s 0.40
; : |
o S <« 2R N ' . 0.40 -
. I Y \, L. _ \
. : y
: PR b TN .
Chemical shift of gompound - chemical shift of
/\ N-3 o-tolyl compound T . - N

i

e e =
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“ . is reduced in the hindered form, thus incteasiné the polariz- 7

N

.were the ‘sole contribution to thlS shieldfﬁg then the C-2
~discussion of the C-4 cerbqayl,cérbpn; inc;easihg the steric '\\\ |

‘ transmitted via, the N-3 aryl ortho substituent td the C- 2

methyl carbon. Thus it is expected that the @ 2 carbon would o

The above obégrvations were rationalized by assuming

N
Rk

that electron release from the ring to the nitrogen nucleul b

o ™ A

-

~ A

atiqn of the N—C}i3 bond. ,

.

. Both deshielding and shieidinglwefe observed for N-3

aryl substituents.'As mentioned previously in the discussion

' ‘on conformation and solvent effects,ﬁsolvent effects do - oo

cbntribute to the observed shielding If the inductive effect -

.
T

o
2

carbon chemical shift would follow thase- sﬁifts observed for
Cc-2 methyl compounds. s mentxoned previously under - the
bulk of the N-3 aryl ortho substituent cauges an ‘increase iqv.

deshielding of the carbonyl carbon The steric pressqnﬂ {5 * .
f@ .

¢

* voee 7
4 f . te
N S ¢ K
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be deshielded,with tﬁe increasing size of the N-3 aryl ortho
: } .

subs;ituent due to steric bulk and solvent‘effects. However,

such factor$ as electronegativity arnd resonance effects could
[ Y

‘contribute to the variance of results.

~—— 3 {

, | -

/
The variations,in the shielding ‘of the C- 2 carbon

H
re dominated largely by a and B effects The '§ effects are
uite yvariable and are. expected to contribute little to the

verall changes in the\q-Z ¢arbon chemical shift.

v

[V 1
s
et e
©




~of the substituents, small variations in shiélding or

ARYL CARBONS

< i

H

The carbon-13 chemidal shifts of the aryl carbon in
the quinazolinone ring are presented in Table XXXIX. The
different N-3 aryliortho substituent efffects the chemical

shift of C-2 and C-4, while it has lit leaor“ho effect on
Tad

the shielding of the other carbon atoms.

N
-3

Table FL shows the effect of the chloro and sulfamayl

groups on the chemical shielding of the quinazolinone carbohs.

‘ ' o N
The compound where no chloro or sulfamoyl groups are present

wad’not available. The chemical shifts for this compound

were calculated using model\compounds. 't
. A . i -
| . s .
Aryl N-3 Carbon Chemical Shifts . -
rs \ - |

The carbon-13 épémic 1 shifts of}the‘N-B é;yl carbons
in 3-aryl-2,3- dihydrdCA(iH) Juinazolinones are shown in Table
XLI. Wit\\\Fe exception of the methoxy, carban atom, all'the
carbons absorb between 110 anh 151 ppm. The methoxy carbon
atom.absorbs at 158.85 ppm. The aryl carbon shieldings are

sensitive to perturbations catsed by the electronic effects
: -

.

deshielding of the heterocyclic ring could not be detected.
‘ |

" The N-3 nitrogen subsLituents of the hetero ring
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" reduce the electron density of the C-1 carbon thus it is .

s

deshielded to 150.10 ppm in compound Vi, for example. Sub- |
stitution on the phenyl ring either 'shields or des\l:l:iields the

carbon atom and depends on the electron withdrawing or
2

/ electron releasing ability of the substituents. The results

LI

obtained for compound VI are in agreement with those obtained

by Lauterbur 26 for methyl anilines.

o ' | ’- .
' ¢ CH ) i N . -

¢ AT A % MRTR

3
- /CH3 ' <. \‘14
N . -

c-1 . C
o,

2 ¢-3 C-4 C-5 (-6

©~153.0° 131.4 131.1 123.1 126.2 118.9
. M | |

The through bond inductive effects of the C-2 methyl . 4
and C-2 substituents were the meaningful correlations which ]
- could bj’x made between the aryl carbon chemical 'Sl;lift‘ and t_he‘ ' 1

hetero. ring substitution.

Carbon Chemical Shifts of Substituent Groups on the N-3

N

Aromatic Ring
. [_ N ) t ‘ ) . . . . ‘ . o
1 - 4 , ‘ ) \ ‘ 4

L
- . The carbonchemical shift values for the N-3 dryl ~

‘substituents are shoxbn in ‘'Table XVI and XVII.

.
- \
3

For the\c)ompounds' with structure K, the ortho methyl

‘\‘3 . .N-3 aryl substituent shift ranges from 14.10 to 18.108 ppm,

v
4%%,

LD

. wr * e
R



re}gg_cti:vely. It can be seen f;gw Table XLII, that an incre
in steric bulk of the C-2 substj.tugntt"does not cause a.con-
sistent upfiéld or downfield shift. Results similar ﬁbjphos
which have been observed by Lauterbur 26 for thé followin

methyl substituted anilines might have been expected.

o — © 'H3K /CHB.

CH, _ \ CH

<

g et o e o

3

ase

e

g

e




oL ) 'TABLE XLIT

ARYL METHYL ICARBON SHIELDINGS’ OF

N

-

s
-
-
Z—x

R

COMPOUND R Rl.‘ RIS
NUMBER ;

15 H H H
CVI .i-I_ H CH,

I “H CHy CH,
.o H. H CH,CH,
“WBvin "H H CH,, CH,CH 5

IX H. B CH,Cl

X H H cHCL,

XI " H CH,0CH,

X1, H H CO,C,H
XIIT' H H CeHs
. xiv; H CH, 1C0,CyHy
XXI. CHy . ~H o,
XKL Oiy-p H CH,

- I
. .

ve

chemical shift of compbund - chemical

. i - CH
, N 3
SRR B

'4

shift of compound VI

CHEMICAL- SHIFT
DIFFERENCE *

(ppm)

3-0-TOLYL-2,3- DIHYDRO-4 (1H)-QUINAZOLINONES

t

“

'0.20
0.00 .
0.59
'0.20
0.60
q..ao
0.20
0.60
3.78
1.99
3.98

0.60 -

0.60
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>
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compound XVII, where the N-3 ortho aryl substituént is CF

3’ :
that ho carbon-13 chemical shift difference was obggrved for

4
the C- 2 methyl carbon atoms of the- dlastereomers The chemical

* -

shift différences are evidently too small to be obseyved.

A significant rate of internal rotation at the probe temper- °
L - ‘ . ]
ature may also be a contributing factor.

.

] . \

- Y
- v

' '

_ In compound XVII, where the N-3 ortho substitudht
'i§.CF3, two distinct‘ﬁeaks at 15:27 ‘and_20.66'ppm are oﬁserved
with a chemical shift difference of 1.39 ppm. . .

PR . .
‘Rotation abiout the C-N bond is clearly slow on the
‘NMR time scale in this case.It'is not obvious %hypg_ghqm{cal:*
.'shift differeﬁce shoulé;be observed in this case and nog in
others. . o “a
The chemicaf shifts ahd chemical shift diffgrences
for-tﬁe‘ortpo,methyl\groups bf N-3 aryl substituents of'

diaétereomeric rotamers are shown in Tdble XﬁVIs The chemical

" ghift difference was found to Be'0.40 to O.6dﬂppm. The dia-

4

\
stereotopic carbons are distingushed from each other -due tov¥-~,

~

differences in the interactlons with the, C 2 and »C- 4 sub—'

stituents in the diast®reomeric forms 1t should be noted

that in the case of xéx which has a symmetrlcal substltutlon
\
pattern on the aryl group, rotatlonal 1somers do not exist

ie. this is a case of degenerate internal rotatioms
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 TABLE XLVI . . -

*\GHEMICAL SHIFTS OF .ORTHO SUBSTITUENTS OF

. DIASTEREOMERIC ROTATIONAL ISOMERS

7 " R
.
H;NO,S
. /
COMPOUND ARYL
NUMBER .
. VI 0-TOLYL -
XVI 0~CH,CH,-0
’ a -zb 3
XIX 2,4,6-TRIMETHYL-§

CHEMICAL SHIFT CHEMICAL SHIFT

. (ppm) \PIFFERENG
' (ppm) o
18.07 - © 039
. 17.68 ! y ‘ -
a 23.84 ¥ -
i4.49 =~
b 1489 - .. 0.40
'18.07
18.47 0.40

\
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‘Whlen' R, = Ry = Ci, ; then A will be identical to D
.and B %déntical(to,c and A & B wili‘be enanxiomeric with
ideﬁtical—sﬁect;a in aéhiral‘hedigu However Rz*at}d'R3 should
.be iﬁldifférent’magnetié envirbnménts,ﬂtherefore the two

methyl groﬁps %i}i be expected to have‘diffgrentlcarbbn—l3.‘ >

" chemical shifts. The C-2 methyl signal of compound I were -
. : : °

found at 28.41 and 27.02 ppm, with a chemical shift'diffe;ence.
L . ,

of 1.39 ppm. )

[y

L}
4

- In' summary, the C-Z.ﬁethyl‘cgybons fr?m ;he'diastereb-.‘
meric rotamers pf Quinazolindnes showed distinguishabie ﬁeais
oiﬁ onlj a single tasé whgn the bérfie?s to in;ernallrotatiop
were sufficiently higﬁ that Yates of rotation were slow at
probe temperatures. From pmr-line éh;pe analysis, it was
shown that the abqye‘éompounds had-low qo#lescenqe tempt-zr‘-m’~
o120 ¢ ° ]

’

ature.
. '

)

The carbon-13 spectra must have similar coalescgnde“

1 .

. temperatures if the chemical  shift differénces ( in Hz) are

-

similar. It may be concluded that with the one exception

:néiedk the chemical shift differences between diastereotopic
\ ' p | ces,
C-2 methyl carbon atoms are small. S

A
[ 8

. ' ) ' .
The enaqtiomgrid rotational isomers of quinazolinones
’showed.dispinguishable C-2 methyl peaks as’did‘tﬁe N-3 ortho’ - ',

aryl substituents of diastereomeric rotamers; pmr line shape |, -

'analyseq have shown.that these carbon atoms have a high

: ) 12 . - ' '
coalescence temperature. - .

re
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It may ﬁe concluded’ from the present carbon- 13 NMR

5’ 1

study, and previously reported proton NMR data, that carbon 13,

NMR spectroscopy is less capable than. proton NMR spectroscopy “\

of distinguishing between nuclei in diastereotopic environ- +
“ * . . ' v
ments in this series of compounds. . :
’ ®
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: - © UNSATURATED 4(3H)-QUINAZOLINONES . B S
?he'g-a£y1-4(3ﬁ)-quinazolinone compoundsﬂﬁere.preparedx

iA order to determine the effects that unsaturation would ‘

"¢ have on the Cp and C-4 chemital shifts. ) o o

The C-2 carbon chemical shifts are shown in Table ’ ’ i

VIII The values range from 147 5 ppm to 14ﬂ335 ppm. . ').

*

The c-4 carbon chemical shlfts are shown in Table XII

The’yalues range from 160.80 ppm to 160 hé ppm

Tt should be noted that the unsatutrated system;ddee
not show the variation in chemical shift. of the C-2 and C-4 - o

carbons with variation in-the N-3 aryl substituents asydo the ‘
. s . . /‘.- ' s,
- saturated systems The variation in the C-4 carbonyl chémical

4

shielding is- due mainly to, the bulkiness of the N-3- aryl
- ‘substituents The different substituents on the N 3 aryl

ring do not seem to cause ady substantial changes in the C- 4

earbonyl carbon chemical shieldlng in 3- aryl -4(3H) - quinazo- 3 ‘ /r
linones .- : / -

! * ° . /

~ The C-2 ‘chemical shift c?'tthe 3-aryl-4(3H) -quinazo- -, .

. . /
i . linone is shifted downfield compared to the 3-aryl-4(1H)=

quinazolinone compounds (Table XLVII) These re%dlts are
‘fomparable to those observed for the alkene vs alkanq,system.
/ .

f . ) .
Y P - M Lo . - . e
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_ TABLE XLVII
E\ ‘ - ) X i 7
‘ . ) . ' ‘. s .- ! C .
COMPARISQN BETWEEN C-2 & C-4 CARBON CHEMICAL SHIELAING IN

: 3-ARYL 4 (3H) -QUINAZOLINONES AND 3-ARYLf(1H)-QUINAZQLINONES
VL \ ~ ) T

:  /
t - / -
+ ,CH y
N\l/ 3 // R IIq
- ;
‘ . N, * CHB,
v - a . {
: o . 0
§ .
[ w , 4//
. ‘ ct . // N
)
. » . / . ; 1]
{ . oA . ' ' * . . . v . ’
c-2 147..51 ppm _ ' . C-2  67.38 ppm
: . C-& 160.83 ppm B i C-4 160.24 ppm

[ R




) g It is interest:ing to note the ,'Lack of variation of
chemical shlft in the 3- aryl 4(3H) qu,fxnazollnone compounds
compared to the saturated 3- aryl 2 ,3- dlhydro 4(1}{) quinazo-.
linones The different behavior of the two groups of N
'compounds could result in part from the. increased’ r:.gidlty

of the hetero ring of ‘the less saturated cgmpohnd The hetero

4

AN

ring of the dihydro compounds must be flexible Perhaps _
conformatlonal changes in this ring in response to changes
in substituentd are partly respon51ble for chemical shift.
\chariges. .

\ [N

L} . f -
In summary, 3-aryl-4(3H)-quinazolingnes show little

variation in chemical shift for dif?:'erent substituents on,
the N-3 aryl ring The lack of variation -in chemical -shift

is probably due to the rigidity of the hetero ring.’
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- _ | .. CONCLUSION .
¥ " : . 3 . \ ‘g
. For the\séfies of 3—ary1—6_:sulfamoyl—7—ch10ro-—i,2,\3,4-

5

i \ . tétrahydro-4(1H)-quinazolinonegand 3-ar'y1-4(.3H)'-"uinazo—
o P . - «

" linones stué&d -the carbon-13 chemical shift valueé"for a |

.1

N
-~

. glven carbon p031t10n wekre foundwand substltuent\ effects were

n/
-

‘examined.. © ’ i ' ,
N . + The C-% carbonyl carbon c{ mical shift values vary -

\ “from 160%24 ppm to 162. 23 ppm Tfmﬂlchiyh.cal shifts are

1nf1uenced by the degree of solvat:.on around Geels, the 6
X
e . éffacts and the sterlc bulk of the™N-3 aryl substituent. A

mean %ane of 0.60 ppm was found for the addltlve Y methyl Cow

) snlft parameter h ' S\
- N - ) =" 3 ' u

- N

v ‘. The c=2 me§thyl carboh chemical ShlftS vary frém 15.88

ppm to 27.32 ppm. Varlatlorr in the chemlcal shlfts are intro-
L] LS

R . .'duced by the B ‘effect- of the C-2 substltuent th;/y/ effect !

T of . the N-1 substituent, and épe € effect o;f the N-3 aryl
ortho ‘substitﬁent. A mean. value of 6.1“6" i)pm was found for
. -

= o ~ the additive B methyl shift parameter.. - T

PR N \ o ) ) S .- i

) -

. % The chemlcal shifts of other c-2 substituents vary
> g \ - oi(ier a range of {2. 11 Em to 11;0.1_3 ppm and,are dependep_t B o

- upon the .partlcular s®Stituent. For example, the chemical

' shifr of CH,Cl was found to be 47.50 ppm while the carbgn

. . chemical shift of CO,C,H; was found to- be 169.58 ppm. The ¢-2  *
\‘ . ‘ w L g e -
4 .. . h ] J A“ ‘ ' *
A {;.. -, ’ %i\" . —0'} . [ ) .



" to 73 75 ppm Varlatlons in the chemical shleldxngs are -

“gignals are observed for the aromatic carbons bound to -

¥

' -» S 13
. .
substituent values are lnfluenced by the o effect and the ¢

effects of the N- 3 aryl substmtuents

Id
]

' The C-2 éarbon chemical shifts range from 60.62 ppm

prbduced by the a and 8 substituents, The o methyl additive

shift parameter was found to be 5. 88 ppm and the R substltuent

‘additive sh;ft,parameter was found to be 6.11% ppm. ’
i’" B

The N-3 aryl substltuent shifts vary over a larger

range from 14 10. to 116 69 ppm. The values depend largelyt o

.upon the substituent, for ®xample the chemlcal shift of o- CH3 <

N

‘- was - found to absorb at.17.88 ppm while the chem1cal shift of

o-—CF3 was found to be 116.69 ppm The N- 3 aryl substltuent
carbon- shieldings are 1nfluenced by the E, effect 'of the C- 2 ) p

substituents. . . - .

-

) . _ ‘ 3 ,
\ T ) ' <\t o . - !

' The N-3 aryl carbon chemicaI shifts vary from 110 to

151 ppm. Aryl carbon shleldlngs are. most sen31t1ve to the &

2

perturbatlons»caused be electronic effects of the substltuents
A\

The s1gpals of the_strongly deshielded aromatic cafbons bonded'
o . ! Cl
to the methoxy group aHsorb:at\158.85 ppm.
‘.\ . R . .

.k

The aryl carbon atoms in the quiﬁazolinone'ring absorb
XN ’

over the range of 60.62 ppm to 142.9 ppm. The most prominent

q@hlorine and sulfamoyl‘groupsvwhich absorb zt 136.9 and 142.9

- ’ -

§ .
- [ . '
i :
P * N
H 1 4 .
' .
. B

w
R Sy

vy

-
s it e e
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¢ ' "the other aromatic carbons due to decrease in intensity
3 Lo caused by larger relaxation times and péssibly by Overhauser
effects and absorb at 129.82 (C-10) and 135.38 ppm (C-9).

v’ ’ \‘

o "

The carbofi chemical shift of-the quiné§olinone rings

]

»
°

.m‘ .

in 3-aryl-4(3H)-quinazolinon€s range from 120.43\to 16018j
. ppm. The major difference observed between Qigryfﬁé(BH):

quinazolinonesjand 3—éry1-4(1H)-quinazolinones is seen in

L4
1\ v e e | o

the C-2 chemical shift from 60.62 ppm in the 4(lH)-quinazo-

N

linone to 145.83 ppﬁ in the 4 (3H) -quinazolinones. Carbon

chemical shifts in this series of compounds show little
. .. » ?’

sensitivity to the effects of substituents.

&

ppm, respectively. Quaternary carbons are distinguished from

" EI« Iih

-~
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