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Abst rac t  - The 'H-nmr spectrum of the  antitumor agent mitindomide ( l b )  i n  DMSO-D6 

s o l u t i o n  has been canp le te ly  analyzed by t h e  use o f  homonuclear decoupling, NOE e f fec t s  

and spec i f i c  deuterium labe l ing .  A d e r i v a t i v e  o f  mitindomide, i n  which asynmetric groups 

were attached t o  the  imide n i t rogen (Zc),  showed magnet ica l ly  nonequivalent 

d i a s t e r i o t o p i c  o l e f i n i c  protons. 

INTRODUCTION 

The photochemical r eac t i on  between benzene and maleic anhydride was f i r s t  repor ted i n  1959' and 

t h e  s t ruc tu re  o f  the  adduct was assigned as l a  l a r g e l y  by chemical means2s3. Maleimide was 

a l so  ~ h o w n ~ . ~  t o  photochemically add t o  benzene t o  produce a compound ( l b ,  mit indomide) whose 

s t r u c t u r e  was assumed based on analogy w i th  la.  The s t ruc ture  of a d e r i v a t i v e  of mitindomide, 

compound 2b6, as we l l  as an hydro lys is  product7, have been determined by X-ray c rys ta l lography.  

I n t e r e s t  i n  the  b i s im ide  l b  was st imulated by the  observation o f  strong and reproduc ib le  ant i tumor 

a c t i v i t y  i n  several t e s t  systems8. Our work i n  t h i s  area has centered on the synthesis of 

congeners and prodrugs of l b  w i t h  improved proper t ies  such as s o l u b i l i t y ,  s e l e c t i v i t y ,  potency, 

a c t i v i t y ,  and t o x i c i t y . 9  



Only very l i t t l e  'H-nmr data has been reported on l b  and compounds r e l a t e d  t o  it. The most 

complete data reported7 was determined a t  100 MHz i n  OMSO-D6 s o l u t i o n  and d i d  not repo r t  any 

assignments. I n  f ac t ,  some absorpt ions are reported i nco r rec t l y .  Thus a  broad s i n g l e t  a t  3.30 

ppm i s  not par t  of the sample, bu t  ra the r  the  t y p i c a l  water absorpt ion,  normal ly seen i n  OMSO- 

D6. I n  add i t ion ,  the  s igna ls  reported as doublets a t  6.30 and 6.34 ppm, i n  f ac t ,  obv ious ly  

represent the o l e f i n i c  protons which are magnet ica l ly  equ iva lent  ( i soch ron i c ) .  Our goal i n  t h i s  

pub l i ca t i on  i s  t o  repo r t  a  complete assignment of the  'H-nmr spectrum o f  l b  and t o  i l l u s t r a t e  what 

we be l ieve i s  the  f i r s t  example of the  nonequivalence of d ias tereotop ic  v i c i n a l  o l e f i n i c  protons 

i n  de r i va t i ve  2c. 

RESULTS AND DISCUSSION 

The 300 MHz 'H-nmr (OMSO-06) spectrum o f  mitindomide ( l b )  shows a  broad s i n g l e t  a t  6 11.2 ( imide 

N-HI, a  s i x  l i n e  pa t te rn  a t  6 6.30 ( H A ' )  and a  ser ies  o f  more and l e s s  broadened " s i ng le t s "  a t  

6 3.08, 2.77, 2.57, and 2.54. The pa t te rn  f o r  the  o l e f i n i c  protons 6 6.30 was simulated using the 

computer program R A C O O N ~ ~ ,  by a  t r i a l  and e r r o r  process s t a r t i n g  w i t h  normal values for  

o l e f i n i c ,  v i nc ina l .  and a l l y l i c  coupl ing constants. The comparison o f  ca l cu la ted  and observed 

spectra a re  shown i n  Figure 1. The ca lcu la ted coupl ing constants are JAAo = 8.6, JAC = 6.1, and 

F igure  1. Calculated and Experimental 300 MHz 'H-nmr Spec t rm  of Mit incmide i n  OMSO-06. 

JAC' = 1.6 Hz. Although the absorpt ions for  the  other protons appear normal ly as broadened 

"singlets," under the  highest reso lu t i on ,  a l l  of these a re  a c t u a l l y  complex s ignals.  These a re  

shown i n  Figure 1, as wel l  as t h e i r  assignments, which w i l l  now be discussed. Decoupling of the  

o le f i n i c  protons a t  6 6.3 showed a  small but  s i g n i f i c a n t  increase i n  the  he ight  on l y  o f  t h e  
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absorpance a t  6 3.08, confirming t h i s  as HC. Decoupling a t  6 3.08 (HC) showed the expected 

co l lapse i n  the  s igna l  a t  66.30 (HA). 

By i r r a d i a t i o n  of the  absorpance a t  66.30 (HA) a s t rong NOE enhancement was observed f o r  the  

absorpances a t  63.08 and 2.54, w i t h  no enhancement a t  6 2.77 and 2.57. Inspect ion  of models, as 

wel l  as X-ray data, c l e a r l y  show t h a t  proton HE i s  qu i t e  c lose t o  HA and thus the s igna l  a t  6 2.54 

i s  assigned t o  HE. This leaves on ly  the peaks a t  62.77 and 2.57 f o r  assignment t o  e i t h e r  HE o r  

Ho. This was accomplished chemical ly by repeat ing the photochemical r eac t i on  us ing benzene-D6 and 

maleimide. The mit inanide-O6 produced would be expected to  have deuterium i n  place o f  protons HA. 

HA', HC. HCa . HD and HDm. The 'H-nmr spectrum of t h i s  mater ia l  showed absorpances only a t  6 11.2, 

2.77 and 2.54, conf i rming the s igna ls  a t  6 2.77 as HE and 6 2.57 as HD. 

The absorpance a t  3.08 (HC) i s  very broad. = 10 Hz, and revea ls  no f i ne  s t ruc tu re .  The 

s igna l  a t  2.77 (HE) i s  a c t u a l l y  a f i v e  l i n e  pat tern ,  w i th  the  outer  two l i n e s  o f  very low 

i n t e n s i t y .  S imula t ion  w i t h  JEE# = 8.0 and JEC = 3.0 Hz gives good agreement as shown i n  Figure 

1. The absorpances a t  62.57 and 2.54 are more complex and d i f f i c u l t  t o  analyze. Because many 

l i n e s  a re  not resolved, accurate coupl ing constants cannot be obtained. However, s imu la t i on  w i t h  

JDDa = JEEt = 4.5, JED = 1.8, JDC = 3.5 Hz, and a l l  other J ' s  equal t o  zero gives a reasonable 

match w i t h  experimental spectrum (see F i g i r e  1).  A l l  of the chemical s h i f t  and coup l ing  constant 

data are summarized i n  Table 1. 

Table 1. Chemical S h i f t  and Coupling Constant n 
Assignments f o r  Mitinomide ( l b )  CALCULATED 

Proton Chemical Shift-ppm Coupling Constants-Hz 

imide N-H 11.02 JAAn = 8.6 JAC-  = 1.6 

HA. HA' 6.30 JBB* = 8.0 JBc = 3.0 EX~EIIYENTAL 

HE, HE' 2.77 JDDo = JEEs = 4.5 

Hc, Hc' 3.08 JEO = 1.8 JcD = 3.5 F igure  2. Calculated and 

HD. H c ~  2.57 JAC = 6.1 Experimental 300 MHz 'H-nmr 

HE. HE' 2.54 ALL OTHER J = 0 Spectrum of Compound 2c i n  D20 

I n  connection w i t h  our work on the synthesis o f  prodrugs of l b ,  compound 2c was made (see 

exper imental)  and i t s  300 MHz 'H-nmr spectrum determined i n  D20. The 'H-nmr spectrum of 2c 

c l e a r l y  shows t h a t  a l l  f ou r  methylene groups conta in  magnet ical ly nonequivalent protons t h a t  can 

be r e a d i l y  analyzed. It has long been recognized t h a t  geminal protons or groups near asymmetric 

Centers are d i a s t e r i o t o p i c  and o f ten  show a measurable chmica l  s h i f t  d i f fe rence (anisochronic o r  

nonequivalent). This subject  has received a number o f  excel lent  r e ~ i e w s . ~ ' , ' ~  This same concept 



applies t o  v i c i n a l l y  displaced atoms o r  groups, but has received l i t t l e  a t t en t i on .  A review of 

the l i t e r a t u r e  f i nds  on ly  one case, the  epoxide r i n g  protons of scopolamine, i n  which v i c i n a l  

nonequivalence o f  t h i s  type was observed.13 Review ar t ic les11 '14 mention t h a t  d ias te reo top i c  

v ic ina l  protons on a double bond should show t h i s  e f f ec t ,  bu t  no examples have been reported. 

However, the  o le fen ic  protons i n  Zc, HA and HB, show a pa t te rn  hhich i s  q u i t e  d i f f e r e n t  than the 

parent compound. This i s  shown i n  Figure 2. Attempts t o  s imulate t h i s  pa t te rn  by changing the 

coupling constant assignments made for  mit inomide were not successful, even when l a r g e  changes 

were t r i e d .  Since no substant ia l  conformational changes would be expected i n  t h i s  r i g i d  system, 

some o the r  explanat ion of the. 'H-nmr spectrum must be sought. The observed spectrum can be 

read i l y  simulated, however, by using the same coupl ing constants as mitindomide, and making the 

chemical s h i f t  d i f f e rence  between HA and HE, huAB, equal t o  10.5 Hz (0.035 ppm), as shown i n  

Figure 2. As fa r  as we are aware, t h i s  i s  the  f i r s t  example of observed magnetic nonequivalence 

o f  d i a s t e r i o t o p i c  v i c i n a l  o l e f i n i c  protons. Although the e f f e c t  not  large, i t  i s  c e r t a i n l y  long 

range i n  nature and i nd i ca tes  the  d i f f i c u l t y  i n  p red i c t i ng  the  magnitude o f  these d i f fe rences.  

For example, t h e  -CH2- groups of 2c immediately adjacent t o  the asymnetric center  shows hu  values 

of 25.8 and 8.9 Hz. The -CH2- groups t h a t  are f ou r  bonds removed (adjacent t o  n i t rogen) ,  show 

A V  values o f  71.6 and 73.7 Hz. Since t h e  o l e f i n i c  protons are a t  l e a s t  e igh t  bonds removed, 

distance alone i s  not the  determining fac tor .  As has been pointed out12 no general theory  e x i s t s  

which can p r e d i c t  the magnitude o f  these chemical s h i f t  differences. 

EXPERIMENTAL 

Compounds l b  and 2a were made as prev ious ly  d e s ~ r i b e d . ~  A l l  spectra were acquired using a Bruker 

WP-300 spectrometer, using the Aspect 2000 data system and the program DISMNRP. A l l  chemical 

s h i f t  values are r e l a t i v e  t o  the  solvent the  sample was determined i n ,  DMSO = 2.49 and water = 

4.55 ppm. The computer program MCOON was used, on an IBM PC, t o  s imulate a l l  'H-nmr spectra. 

Synthesis o f  Cnmpound 2c. To a s o l u t i o n  of 11 .2 g (0.0421 mole) o f  N-a-t-BOC-L-phenylalanine 

(Chemical Dynamics) i n  120 ml o f  d ry  d i s t i l l e d  DMF was added 6.83 g (0.0421 mole) o f  carbonyl 

dimidazole. A f t e r  1 h, 3.50-9 (0.0105 mole) of 2a d isso lved i n  100 ml of DMF. was added and the 

so lu t ion  allowed t o  stand f o r  1.5 h. A f te r  evaporat ion of the  solvent,  100 ml o f  c o l d  water was 

added and the mix ture  s t i r r e d .  The s o l i d  was f i l t e r e d ,  washed w i t h  water, and then d isso lved i n  

CH2C12. The s o l u t i o n  was ex t rac ted repeatedly w i t h  NaHC03 and then dr ied.  Removal of t h e  so lvent  

gave 7.0 g (81%) of a red-orange foam which was chromatographed on s i l i c a  ge l .  E l u t i o n  w i t h  CHC13 

gave 4.3 g (50%) of 2d. which was a wh i te  foam. TLC and 'H-nmr i nd i ca ted  t h i s  ma te r i a l  was 

pure. A sample. 3.20 g (0.00387 mole). of 2d was d isso lved i n  40 ml of 25% v/v t r i f l u o r o a c e t i c  

acid i n  CH2C12. After 0.5 h the solvent was removed, and the res idua l  ma te r i a l  d isso lved i n  water 
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and freeze dr ied .  The s o l i d  t h a t  was obtained was dissolved i n  25 ml of THF and excess 2.OE HCI 

i n  dioxane added. The prec ipata te  was co l l ec ted  and.dried t o  y i e l d  1.82 g (62.0%) o f  2c which 

showed m p s  170 "C (dec),  = 9.3'. 300 MHz 'H-nrnr(D20) 6 7.4 - 7.1 (arcmat ic ) ,  6.27 

( o l e f i n i c ,  see t e x t ) ,  5.62 and 5.39 (N-CH2-0, J = 10.6 Hz), 5.57 and 5.33 (N-CH20, J = 10.6 Hz), 

4.39 and 4.36 (CH, J = 6.8 Hz), 3.32 (bs), 3.17 and 3.08 (CH2-C, J = 14.5 and 6.8 Hz), 3.14 and 

3.11 (CH2-C, J = 14.5 and 6.8 Hz), 2.94 (bs),  2.78 (bs),  and 2.59 (bs). Anal. C34H36N408C12'4.2 

H20, C, H. N, C1. 
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