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'H NMR SPECTRAL SIMPLIFICATION WITH ACHIRAL 

AND CHIRAL LANTHANIDE SHIFT REAGENTS. 

KETAZOLAM. METHOD FOR DIRECT OPTICAL 

PURITY DETERMINATION 
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ABSTRACT 

The 60 MHz 'H NMR spectra of racemic ketazolamt 11 

have been studied at 28' in CDC13 solution with the 

achiral reagent tris(6,6t7t7,8,8,8-heptaf luoro-2 t 2 -  
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646 MARTIN, MYERS, AND ROTHCHILD 

dimethyl-3r5-octanedionatoleuropium(III) I 21 and the 

chiral reagent trist3-(heptafluoropropylhydroxymethyl- 

enel-Q-camphoratol europium(II1) I 1. Dramatic 

differences in lanthanide-induced shiftstA6r were 

observed for the diastereotopic CH2 protons with either 

added 2 or 1. Differences in theseA6 valuest as well 

as differences in lanthanide-induced line broadening 

and in enantiomeric shift differences (observed with 3) 

are interpreted in terms of a relatively rigid 

preferred conformation of 1. 
protons are made. Direct optical purity determinations 

for samples of l. should be possible by use of 11 based 

on resonances for either of the CH2 protons or the 

allylic CH3. 

Assignments for the CH2 

- 
Ketazolamr 1, is a novel lr4-benzodiazepine that 

has been obtained from 7-chloro-lr3-dihydro-1-methyl-5- 

phenyl-2H-lr4-benzodiazepin-2-one (diazepam) with 

acetyl chloride and triethylamine in ether or with 

diketene in acetone .l Early reference to 11 formally 

known as ll-chlor0-8tl2b-dihydro-2r8-dimethyl-12b- 

phenyl-4~tl 3 1 -0xazino 3,2-dl I1 41 benzodiazepine- 

4t7  (6HI-dioner appeared in the patent literature.' 

Proton NMR and x-ray diffraction studies performed on 1 

had indicated that the sevemmembered ring is in a 

boat conformation, with the phenyl group roughly 
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H NMR SPECTRAL SIMPLIFICATION 647 

p e r p e n d i c u l a r  t o  t h e  remainder  of  t h e  molecu la r  (which 

is r a t h e r  f l a t 1 . l  

cons ide red ,  i n  which t h e  seven-membered r i n g  was b e n t  

" towards"  t h e  phenyl  t o  avoid  s t e r i c  r e p u l s i o n s  between 

t h e  o r t h o  phenyl  hydrogens and t h e  hydrogen a t  C(12) of  

t h e  ch lorobenzene  group. S i n c e  t h e  b e n z y l i c  carbon of  

ke tazolam is a c h i r a l  c e n t e r ,  t h e  molecule  can  e x i s t  as 

a p a i r  o f  enant iomers .  We were i n t e r e s t e d  i n  ex tend ing  

our s t u d i e s  o f  a c h i r a l  and c h i r a l  l a n t h a n i d e  s h i f t  

r e a g e n t s  (LSR) f o r  p ro ton  NMR s p e c t r a l  s i m p l i f i c a t i o n  

and p o s s i b l e  d i r e c t  o p t i c a l  p u r i t y  d e t e r m i n a t i o n s .  

These LSR t e c h n i q u e s  have been r e v i e ~ e d . ~ - I ~  

r i g i d i t y  of  1 and t h e  p r e s e n c e  of  "hard-base" b i n d i n g  

s i tes ,  h, ca rbony l  oxygenst f o r  t h e  l a n t h a n i d e  ionr  

s u g g e s t e d  t h a t  t h e  LSRmethod c o u l d  b e  u s e f u l  i n  t h i s  

case .  The p o t e n t i a l  pha rmaceu t i ca l  impor tance  o f  1 a s  

a t r a n q u i l i z e r  f u r t h e r  encouraged us i n  t h e s e  i n v e s t i -  

g a t i o n s .  The ongoing i n t e r e s t  i n  1, as r e f l e c t e d  by a t  

l e a s t  3 2  c i t a t i o n s  i n  Chemical ' A b s t r a c t s  from abou t  

1973-1986r i n c l u d i n g  some twen ty  a r t i c l e s  on a n a l y t i c a l  

A r e l a t i v e l y  r i g i d  s t ruc ture  was 

The 

c H, 
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648 MARTIN, MYERS, AND ROTHCHILD 

aspects and at least eight on clinical, pharmaceutical 

and pharmacological topicst provided further incentive. 

Because of the annelation of the oxazino ring onto 

the benzodiazepine nucleus of 1, ketazolam represents on 
unusual analog to the important pharmaceutical classes 

of tricyclic tranquilizers and antidepressants, which 

include phenothiazines, dibenzocycloheptatrienes~ 

iminodibenzyls and dibenzdiazepines. Structural 

aspects, such as the puckering of the central ring in 

these compounds, have been considered to have great 

importance in determining pharmacological activity;18 

general aspects of structure-activity relationships 

among benzodfazepines have also been discussed.lg 

Several studies using LSR for 'H NMR studies within the 

benzodiazepine system have been reported.20-22 

EXPERIMENTAL 

A sample of r a c emiclwas suppliedbythe Upjohn 

Co., Kalamazoo M I  49001, U.S.A., as U-28t774, lot no. 

60,867, with stated mp 174-176' [lit. 182-183.5' 1 and 

was used as supplied without further purification. 

Chloroform-dt (99.8 atom % D ) t  obtained from Aldrich 

Chemical Corp., Milwaukee WI 5 3 2 0 1 ~  U.S.A., or from 

Norell, 1nc.r Landisville NJ 08326, U.S.A., was dried 

and stored over 3A Molecular Sieves. Shift reagents 

were obtained from Aldrich and were stored in a 

23 
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H NMR SPECTRAL SIMPLIFICATION 649 

desiccator over P2O5. 

except as noted. 

In generalt an accurately weighed portion of drug 

Materials were used as received 

(about 45-55 mg) was added to 600-700 mg CDC13 

[containing about 0.2% tetramethylsilane (TMS) as 

internal standard1 in an NMR sample tube and dissolved 

by shaking; increments of shift reagent were added 

directly to the sample? dissolved by shaking? and the 

spectra immediately run. 

All spectra were run on a Varian EM-360A 60 MHz 'H 

NMR spectrometer at a probe temperative of 28O. 

Chemical shifts are reported in parts per million (6 )  

relative to TMS and are believed accurate to A 0.05 

ppm. In runs with chiral shift reagent where 

enantiomeric shift differences were observed for 

selected resonancest reported chemical shifts are the 

average values for the two enantiomers. Reported 

coupling constants are believed accurate to 2 0.2 Hz. 

In spectra where TMS was obscured by shift reagent 

peakst CHC13 (present as an impurity in the solvent) 

was used as internal standard. 

Spectra of 1 were first obtained using the achiral 

shift reagent ? t r is ( 6  t 6 ? 7 I 7,8 I 8,8- h ept a f 1 u o r 0- 2 t 2 - 
dimethyl-3t5-octanedionato)europium(III)t 2t known as 

EU(FOD)~, for spectral simplification? and then 
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650 MARTIN, MYERS, AND ROTHCHILD 

acquired with the chiral reagent1 tris[3-(heptafluoro- 

propylhydroxymethylene~-~-camphoratoleuropium~III~ I 3, 

known as Eu(HFCI3 or Eu(HFBCI3, to determine whether 

enantiomeric shift differences, A A 6 t  were observable 

that might allow direct optical purity determinations. 

The enantiomeric shift difference is the magnitude of 

the difference in chemical shifts (of a particular 

nucleus) for the two enantiomers when treated with a 

chiral LSR. 

The 60 MHz NMR spectrum of 1 as a 0.1635 molal 
CDC13 solution at 28O showed resonances as followst in 

6 (ppm) units: 1.88 ( s t  3Ht CCH3); 2.50 ( s t  3Hr NCH3); 

3.33 (dr 2J = 14.1 Hzr l t l r  C(6)Ha); 5.40 (dr  2J = 14.1 

HZr 1Hr C(6)Hb); 5-37 ( S r  1Hr C(3)H); 7.2 (dr C(9)H 3 r  

see text); 7.27 (mt aryl HI see text); 7.53 (dd, 3 = 

8.3 and 2.4 Hzr 1Ht C(1O)H); 8.22 (d, J = 2.4 Hzr 1Hr 

C(12)H). Assignments for the aryl protons of the 

chlorophenylene moiety were based on observed coupling 

constants. Thust C(12)H was furthest downfield with 

splitting consistent with 4Jmeta to C(1O)Ht and was 

well separated from the remaining aryl resonance. The 

dd assigned to C(1O)H was consistent with 3Jortho and 

Jmeta to C(9)H and C(12lH1 respectively# and was on 4 

the downfield side of the main aryl signal. The 

deshielding of C(10) H and C(12) H is consistent with 

the expected substituent effects of C1 and N. The 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



'H NMR SPECTRAL SIMPLIFICATION 651 

ass ignmen t  of C(9)H m u s t  be  cons ide red  t e n t a t i v e  

because  of  o v e r l a p  of t h e  expec ted  d o u b l e t #  3J,N8 Hzt 

i n  t h e  a r y l  m u l t i p l e t .  I n t e g r a t e d  a r e a  of  t h e  r e g i o n  

from 6.8 - 7.8 ppni i n d i c a t e d  7H. The two d i a s t e r e o -  

t o p i c  pIOtOnSt C(6) Halt,# show s t r i k i n g  magnet ic  

nonequiva lence t  d i f f e r i n g  i n  chemica l  s h i f t  by ove r  2 

ppm. T h i s  re f lec ts  s u b s t a n t i a l  a n i s o t r o p i c  e f f e c t s  

w i t h i n  a r i g i d  r i n g  system.' 

i n d i c a t e d ,  a s  p r e v i o u s l y  shown by x-ray? t h a t  i n  one 

p o s s i b l e  confo rma t ion t  s u b s t a n t i a l  non-bonded 

i n t e r a c t i o n s  could be expec ted  between t h e  ortho 
p r o t o n s  of t h e  C6H5 r i n g  and t h e  downf ie ld  C(12)H. 

t h e  a l t e r n a t i v e ,  and presumably f avored  confo rma t ion t  

t h e  C 6 ~ 5  r i n g  can  b e  ( roughly)  p e r p e n d i c u l a r  t o  t h e  

ave rage  p l a n e  of  t h e  t r i c y c l i c  system. I n  p a r t i c u l a r t  

t h i s  f avored  confo rma t ion  p l a c e s  one o f  t h e  C(6)H 

p r o t o n s  (anti t o  C6H5) i n  t h e  s h i e l d i n g  cone of  t h e  

C6H3C1 a r y l  r i n g ?  so t h a t  t h e  u p f i e l d  d o u b l e t  a t  3.33 

ppm m u s t  be  a s s i g n e d  t o  t h i s  p ro ton ,  Ha. I n  c o n t r a s t ,  

t h e  o t h e r  methylene  p ro ton t  Hb (syn t o  C6H5)t i s  

roughly c o p l a n a r  w i t h  bo th  c a r b o n y l s t  t h e  a n i s o t r o p y  of  

which h a s  commonly2* been c o n s i d e r e d  t o  be  d e s h i e l d i n g  

w i t h i n  t h e  c a r b o n y l  p l a n e t  A t  c o p l a n a r  w i t h  t h e  

atoms d i r e c t l y  bonded t o  t h e  t r i g o n a l  carbon. A t  l e a s t  

i n  some c a s e s t  t h e s e  p r e c i s e  g e o m e t r i c  a s p e c t s  of t h e  

ca rbony l  a n i s o t r o p y  have been q ~ e s t i o n e d . ~ ~  

I n s p e c t i o n  of  models 

I n  

Indeedt  1 
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652 MARTIN, MYERS, AND ROTHCHILD 

may prove  t o  be a u s e f u l  model compound f o r  cons ide r -  

a t i o n  of  t h i s  problem. Assuming a n i s o t r o p i c  

d e s h i e l d i n g  c o n t r i b u t i o n s  t o  t h e  hydrogen Hb f o r  t h i s  

sys tem would account  f o r  t h e  f a r  downf ie ld  d o u b l e t  a t  

5.40 ppm. S imple  i n d u c t i v e  d e s h i e l d i n g  by "5) and t h e  

C ( 7 ) = 0  would b e  s i m i l a r  f o r  t h e  two pro tons .  Our  NMR 

a s s ignmen t s  f o r  bo th  chemica l  s h i f t s  and coup l ing  

c o n s t a n t  magni tudes  a r e  i n  e x c e l l e n t  agreement  w i t h  t h e  

pub l i shed  d a t a ;  w e  cou ld  n o t  v e r i f y  t h e  s m a l l  a l l y l i c  

c o u p l i n g  ( g i v e n  as  0.5 Hz i n  R e f .  1) b e c a u s e  o f  o u r  

i n s t r u m e n t a l  l i m i t a t i o n s ,  b u t  some l i n e  broadening  of  

t h e  v i n y l  H and t h e  a l l y l i c  CH3 s i g n a l s  was seen.  

Evidence f o r  a d d i t i o n a l  confo rmers?  L&, e x t r a  se t s  of  

peaks ,  was n o t  seen. 

I n c r e m e n t a l  a d d i t i o n s  of t h e  a c h i r a l  2 r e s u l t e d  i n  

s p e c t r a l  s i m p l i f i c a t i o n  and provided  s u p p o r t  f o r  t h e  

a s s ignmen t s  of  t h e  CH2 pro tons .  

o r d i n a r i l y  o c c u r s  a t  oxygen26r27 so  t h a t  complexa t ion  of 

1. shou ld  p r i m a r i l y  occur  a t  t h e  C ( 4 )  and C ( 7 )  ca rbony l  

oxygens. I t  may be p o s s i b l e  f o r  these two oxygens t o  

a c t u a l l y  c h e l a t e  a eu rop ium(I I1 )  a l though  models 

i n d i c a t e  t h a t  t h e  c a r b o n y l s  d e v i a t e  f rom c o p l a n a r i t y  by 

a s u b s t a n t i a l  amountr pe rhaps  45'. 

c h e l a t i o n  cou ld  be  f u r t h e r  d i s f a v o r e d  by s t e r i c  

r e p u l s i o n s  w i t h  t h e  C ( 6 ) H b  pro ton  t h a t  is n e a r l y  

cop lana r  w i t h  t h e s e  ca rbony l s .  Appearance of o n l y  one 

se t  of  NMR s i g n a l s  i n d i c a t e s  t h a t  " f a s t  exchange" 

LSR b i n d i n g  t o  amides  

T h i s  p o t e n t i a l  
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'H NMR SPECTRAL SIMPLIFICATION 653 

c o n d i t i o n s  e x i s t  between f r e e  1 and 1 bound t o  LSR; f a s t  

e q u i l i b r a t i o n  would be expected f o r  LSR complexed t o  

e i t h e r  of t h e  carbonyl si tes.  R e s u l t s  of s p e c t r a  of 1 

w i t h  added 2 are  summarized i n  Fig.  1. 

The r i g i d i t y  of t h e  polycycl ic  system of 1 would 

favor LSR s t u d i e s .  S tudies  i n  t h e s e  l a b o r a t o r i e s  with 

f ive-  and six-membered r i n g s  conta in ing  amide o r  

r e l a t e d  f u n c t i o n a l i t y  have ind ica ted  t h a t  a p p l i c a t i o n s  

of c h i r a l  LSR a r e  more l i k e l y  t o  produce observable  

enant iomeric  s h i f t  d i f f e r e n c e s ,  AAdr i f  c e r t a i n  

s t r u c t u r a l  requirements  a r e  met. The s u b s t r a t e  should 

p r e f e r a b l y  be r i g i d  and LSR binding should i d e a l l y  occur 

c l o s e  t o  t h e  c h i r a l  center .  T h e  observed n u c l e i  f o r  

which Aa6 v a l u e s  a r e  t o  b e  seen s h o u l d  b e  c l o s e  t o  t h e  

binding s i t e  and t h e  c h i r a l  center.28 Observation of 

A A 6  i n  t h e  p r e s e n c e  of an added c h i r a l  LSRcan make 

p o s s i b l e  d i r e c t  o p t i c a l  p u r i t y  de te rmina t ions  by s imple  

i n t e g r a t i o n  of t h e  absorp t ion  s i g n a l  due  t o  each 

antipode. The c h i r a l  reagent  3 was t h e r e f o r e  appl ied  t o  

s p e c t r a l  s t u d i e s  of 1. Incremental  a d d i t i o n s  of 3 t o  

s o l u t i o n s  of 1 from 0.194 t o  0.242 molal produced AA6 

f o r  each proton of t h e  methylene, fo r  t h e  a l l y l i c  CH3, 

and f o r  C ( 1 2 ) H .  All but  t h e  l a t t e r  s i g n a l  could be 

a n a l y t i c a l l y  u s e f u l ,  wi th  t h e  p r e f e r r e d  s i g n a l  dependent 

on t h e  a c t u a l  molar r a t i o  of 3:l. Where t h e  amount of h 

is  l i m i t e d ,  t h e  a l l y l i c  CH3 s i g n a l  provides  good 
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'H NMR SPECTRAL SIMPLIFICATION 655 

s e n s i t i v i t y  because  of i t s  h igh  i n t e n s i t y  and low 

m u l t i p l i c i t y .  Although nab magni tude i n c r e a s e d  a t  h i g h e r  

1:1. r a t i o s t  l an than ide - induced  l i n e  broadening  

r e s u l t e d  i n  b e s t  r e s o l u t i o n  f o r  t h e  s i g n a l s  of  t h e  

enan t iomers  ( u s i n g  t h e  a l l y l i c  CH3 resonance)  a t  a 1:1 

r a t i o  nea r  0.45. The v a l l e y  h e i g h t  between t h e  peaks  

co r re spond ing  t o  t h e  two enan t iomers  was a s  low a s  38% 

under t h e s e  c o n d i t i o n s .  The methylene  p ro ton r  Hbt t h a t  

produced t h e  downf ie ld  s i g n a l  i n  u n s h i f t e d  1 a l s o  

d i s p l a y e d  g r e a t e r  lan thanide- induced  s h i f t ,  A b ,  as w e l l  

as g r e a t e r  AA6 and lan thanide- induced  l i n e  broadeningr  

compared t o  its geminal  ne ighbor t  Ha. A 1 1  of  t h e s e  

o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  LSR b ind ing  c l o s e r  t o  

t h e  fo rmer  p r o t o n #  Hbt  as expec ted  fo r  t h e  p r o t o n  a 
t o  C6H5t  n e a r l y  c o p l a n a r  t o  t h e  c a r b o n y l s  i n  t h e  

p r e f e r r e d  conformat ion .  S i n c e  t h e  chemica l  s h i f t  

d i f f e r e n c e  between t h e  s i g n a l s  o f  t h e  CH2 p r o t o n s  is 

ve ry  l a r g e r  e s p e c i a l l y  a t  h i g h e r  3:l l e v e l s ,  l i t t l e  

l e a n i n g  i s  seen  i n  each  enan t iomer ' s  d o u b l e t  s i g n a l .  

Good q u a n t i t a t i o n  of  o p t i c a l  p u r i t y  cou ld  t h u s  b e  

o b t a i n e d  even i f  t h e  s i g n a l s  of each  enant iomer  

s l i g h t l y  o v e r l a p ,  by comparing t h e  u p f i e l d  b ranch  (of  

one enan t iomer )  t o  t h e  downf ie ld  branch  (of t h e  o t h e r  

enant iomer)  fo r  t h e  resonances  of e i t h e r  of  t h e s e  

p ro tons .  For  example, a 0.194 mola l  s o l u t i o n  of 1 w i t h  

a 0.339 3:l molar  r a t i o  r e s u l t e d  i n  t h e  s i g n a l s  f o r  

each  CH2 p r o t o n  be ing  f r e e  f rom i n t e r f e r i n g  o v e r l a p s t  
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with the downfield proton signal appearing as a triplet 

at 10.35 ppmr because of AA6coincidentally being equal 

to 'Jgem. 

baseline separated with near-equal intensities of the 

upfield and downfield branches. As little as 7% of the 

minor enantiomer should be detectable under these 

conditions. Results with 1 are summarized in Figs. 2 

and 3 .  

The triplet branches are essentially 

In conclusiont we have demonstrated the potential 

of achiral and chiral shift reagents 2 and 2 for 

spectral simplification and direct optical purity 

determinations of ketazolamr 1. Results are 

interpreted as consistent with a high degree of 

nonequivalence of the diastereotopic methylene protons 

due to anisotropic effects in a favored conformation in 

which the proton to the C6H5r Har is subject to 

much lower A6 and Ah6 magnitudes than its geminal 

neighbort Hbr the latter being more nearly coplanar 

with neighboring carbonyls and closer to lanthanide 

bound at these oxygens. 
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