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A convenient method for obtaining 4-aminocoumar ins  by the react ion of 4-chloroeoumar in  
with amines in dimethyl sulfoxide is proposed. The react ions of 4-chlorocoumar in  with 
CD3ONa in CDaOD and with [N-D1]piperidine, of [3-D1]-4-chlorocoumarin with CH3ONa in 
CH3OH and with aniline and n-butylamine and of 4-methoxycoumarin  with CD~ONa in CD3OD 
have been studied and the mechanism of nucieophilic and substitution in position 4 of 
the coumarin  sys tem is discussed.  

It has been established previously [1,2] that nucleophilic reagents  (alkali, alkoxides, amines) attack 
4 -ch lorocoumar in  both at position 4 and at the carbonyl  group. In the f i rs t  case  the halogen is replaced - 
this react ion has been known for  a long t ime for  some amines and alkoxides [3]. The opening of the pyrone 
r ing in 4 -ch lorocoumar in  under the action of the reagents  mentioned is in i tself  an interest ing reaction,  
since it leads to a new type of compounds - o-hydroxyphenylpropiol ic  acid or  its der ivat ives .  However, 
this direct ion of the react ion may somet imes  prove undesirable,  e.g., in most  cases  where the synthesis  of 
4 -aminocoumar ins  is desirable .  In one of our  papers  we repor ted  that in solution in dimethyl sulfoxide 
(DMSO) the formation of 4 -aminocoumar ins  by the react ion of 4 -ch lorocoumar in  with amines (with benzyl ~ 
amine and diethylamine as examples) takes place more  smoothly than in alcoholic and benzene solutions or  
in solution in an excess of the amine. 

NR 2 

TABLE 1. Preparat ion of 4-Aminocoumarins  ~j]~?~=o 

NR2 

0,0~55 
0,0055 
O,O0g5 
0,0055 
q,006 

Di ethylamino 
Piperidino 
Morpholino 
Pyrrolidino * 
Benzylamino 
Anilfno 

Amount of starting 
materials, mole 

4 ~  
r  amine 

0,0083 0,033 
0,~'2 
0,022 
0,02 
0,033 
0,018 

rap, %C .Yield, % 

58~59, 90 
105--1o71 86 
140--I,41,56 86 

129,5--1310,5 . 92 
2'40--2421 80 
267--988' 86~" 

*Found, %: C 72.6; H 6.1; N 6.6. Calculated for Ci3HI3NO2, 
%: C 72.57; H 6.04; N6.50. 

t The reaction was carried out at 60 % C for 6 hr. The reaction prod- 
uct was washed additionally with hot benzene. When the reaction was 
carried out at 20~ for 24 hr, the yield of substance was 44% (46 % of 
the initial chlorocoumarin was recovered. 

*For CommunieationXLI, see [11]. 
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In the p resen t  work we have somewhat  broadened the use of DMSO as solvent for  this reac t ion  and 
have convinced ourse lves  that  4 -aminocoumar ins  a r e  in fact  obtained in high yie lds  (Table 1). The r e a c -  
tion takes  place ex t remely  rapidly and prac t ica l ly  no products  of the opening of the coumar in  ring a r e  
fo rmed .  An exception is the reac t ion  of 4 -ch lo rocoumar in  with ammonia :  instead of 4 -aminocoumar in ,  
o -hydroxyphenylpropio lamide  [1] was obtained with a yield of 92 %. It is poss ible  that  ammonia  as  the r e -  
agent exhibits specif ic i ty  because  of the compara t ive ly  s t rong solvat ion of i ts  molecule  by the solvent .  

The question of the m e c h a n i s m  of the r ep l acemen t  of the halogen in 4 -ch lo rocoumar in  by the action 
of nucleophilic agents is of independent in te res t .  At the p resen t  t ime,  it is genera l ly  cons idered  [4,5] that  
the nucleophilic r ep l acemen t  of act ivated halogen at an unsatura ted  carbon a tom,  e.g.,  in halogeno-  2- 4- 
dini t robenzenes or  f l-chlorovinyl  carbonyl  compounds,  takes  place by a two-s tage  b imolecu la r  m e c h a n i s m  
via an in te rmedia te  charged compound - a complex  in which the a tom at tached to the halogen and to the e n t e r -  
r ing subst i tuent  undergoes  sp 3 hybridizat ion.  Synchronous b imolecu la r  substi tut ion (SN 2) is r e g a r d e d  as ve ry  
unlikely, anda  mechan i sm of the "complete  addition - split t ing out" type ks a s sumed  only in those cases  where  the 
possibi l i ty  of the additional delocal izat ion of the negat ive  charge  in the anion mentioned through reac t ion  
with neighboring e l ec t ron-accep t ing  groups  is absent .  On the bas i s  of these  ideas,  we have put fo rward  the 
hypothesis  that  the reac t ion  of amines  with 4 -ch lo rocoumar in  ~akes place by the f i r s t  of the m e c h a n i s m s  
mentioned [1]. He re  we shal l  give exper imenta l  proofs  of the fact  that the r ep l acemen t  of the halogen in 
4 -ch lo rocoumar in  does not include a s tage of the comple te  addition of the e lements  of the nucleophilic r e -  
agent at the posit ion of the C 3 -  C 4 double bond of the coumar in  sys t em.  

We studied the reac t ions  of 4 -ch lo rocoumar in  with N-[D1]-piperidine (90 % deu te r ium enr ichment)  in 
the s a m e  amine  and with CD3ONa in CD3OD* solution (containing 98 % of deuter ium).  In addition, we p e r -  
f o rmed  the reac t ions  of [3 -Dl ] -4 -ch lo rocoumar in  with aniline and n-bu ty lamine  in DMSO and also  with 
CH3ONa in CH3OH solution. All the nondeuter ized 4-subst i tu ted  coumar ins  f o rmed  as a r e su l t  of these  r e -  
act ions have been descr ibed  in the l i t e r a tu re .  The synthes is  of [3 -Dt ] -4 -ch lo rocoumar in  and [3-D,]-4--ani- 
l inoeoumar in  has been r epor t ed  recent ly .  [7]. If the reac t ions  a r e  c a r r i e d  out under  the  mi ldes t  poss ib le  
conditions, no isotopic change takes  place at the C 3 a tom of the coumar in  he te rocyc le  (checked by the PMR 
spec t ra ,  the e r r o r  of the de terminat ion  being �9 10-15 %) which enables route  a via adduct A (mechanism of 
reac t ions  with nucleophiles in the manner  of alkoxy ions) to be re jec ted :  

C| OR OR 
~ , . ~ . , D  ~ / H ( D )  

. t. kjo = RoD(:or Ro.i\b y .,u~ 
CI OR / CI +NR 2 

" ~ j / t l ( D )  ~ / D ( H )  

~ O / \ o  - v..v'~-o/\ o- 
B C 

The absence  of isotopic exchange in posit ion 3 during the reac t ion  of [3-D1]-4-chlorocoumar in  with 
piper idine has also been r epo r t ed  by other  worke r s  [7]. In accordance  with the m e c h a n i s m  proposed  fo r  
the reac t ion  of the ethanethiyl ion with ethyl f l -ch lorocrotonates  [4,5], the m e c h a n i s m  of the r ep l acemen t  of 
the halogen in 4 -ch lo rocoumar in  by an alkoxy ion or  an amino group mos t  probably includes the format ion  
of in te rmedia te  complexes  (route b) of type B or  C. 

During the invest igat ion it was also found that when a reac t ion  mix tu re  of 4 -ch lo rocoumar in  with 
piper idine  or  with an excess  of methoxide in methanol  was allowed to stand for  a sufficiently long t ime,  
isotopic exchange took place at the C 3 a tom,  which is probably due to the continuous p r e sence  in the r e a c -  
tion mix tu re  of a ce r ta in  concentrat ion o f  complexes  of type B containing two amino groups or two alkoxy 
groups,  r e spec t ive ly ,  in posit ion 4. The possibi l i ty  of the r ep l acemen t  of the amino group in 4 -aminocou-  
m a t i n  by another  amino group has been es tabl i shed previous ly  [8], and we have now found that an alkoxy 
subst i tuent  in posit ion 4 of coumar in  is readi ly  r ep laced  by a s im i l a r  group under  the action of an alkoxide.  
It proved convenient  exper imenta l ly  to r ep l ace  an alkoxy group by one of the s a m e  type but containing a 
deu te r ium label .  Thus,  on b r ie f  heating with a solution of CD3ONa in CD3OD, 4 -methoxycoumar in  acqui red  
m o r e  than 90% of CD30 groups in posit ion 4. Under these  conditions only 15% deuter iza t ion  takes  place  

*In this case ,  the deu te r ium label  in the methyl  group is unnecessa ry .  
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in position 3. Consequently, the rep lacement  of an alkoxy group by the action of a s t rong nucleophile takes 
place by the same mechanism as the replacement  of the chlorine atom in 4-chlorocoumarin .  However, the 
more  prolonged heating of the reac tants  (25 min instead of 2-3 rain) in the presence  of an excess of alkoxide 
leads to considerable  (50%) isotopic exchange at the C 3 atom. 4-Methoxycoumarin reac ts  considerably more  
slowly with neutral  CD3OD. 

In 4-butylaminocoumarin ,  deuterat ion in position 3 by means of deuteromethanol takes place cons ide r -  
ably more  readily than in 4-piper idinocoumarin .  The isotopic exchange in position 3 of the he terocycle  in 
the action of aniline on [3-Dt] -4-ch lorocoumar in  observed by other authors [7] is undoubtedly the resul t  of 
a secondary  reac t ion  between the [3-Dt] -4-an i l inocoumar informed and an excess of aniline. As mentioned 
above, under sufficiently mild react ion conditions, this type of exchange does not take place either with sec -  
ondary or  with p r imary  amines .  The absence of isotopic exchange in position 3 in the react ion of 4 -ch loro-  
coumarin  with amines is, at the same time, a direct  proof of the fact  that 4-aminocoumar ins  are  not 
formed via o-hydroxyphenylpropiolamides  under ttle conditions that we selected.  The la t ter  route  is obvi- 
ously independent and takes place only under comparat ively  severe  conditions (obviously, when the react ion 
leads even part ial ly to the formation of acetylene compounds) as repor ted  in the previous paper [1]. 

In o rde r  to evaluate to some approximat[onthe electrophil ici ty of positions 2 and 4 in the molecule of 
4 -ch lorocoumar in  we per formed a calculation of ~-e lec t ron  densit ies on the atoms of the molecule of this 
compound by H~ckel~s MO LCAO method. For  compar ison,  molecular  d iagrams* were also obtained for 
coumarin,  3 -ch lo ro -  and 4-aminocoumar ins ,  and 3 , 4 - d i c h l o r o c o u m a r i n - c o m p o u n d s ,  which, like 4 -ch loro-  
coumarin,  undergo the attack of nucleophilic agents at position 2 or  4 (see [1,2,8-10]). The values of the 
electron densit ies on the atoms of the pyrone ring of the compounds a re  mentioned in Table 2. 

Coulomb integral  (~X): b0 2; h 6 1; hc  0. Bond integral (flCX): kCC 1; k c =  O 1.2; k c _  O 0.8. Auxil- 
iary inductive pa rame te r  (6); 0.1 hx.  

It can be seen f rom the table that in the molecules  of 3- and 4-ch lorocoumar ins  and also in 4-amino-  
coumarin,  as in unsubstituted coumarin,  the C 2 and C 4 atoms are  electrophil ic,  which is in harmony with 
the experimental  resu l t s .  In 3-chlorocoumar in ,  the C 3 atom bears  definite negative charge  and there fore  
it can hardly be subjected to the d i rec t  attack of the nucleophilic reagent.  (For the react ion of 3-halogeno- 
coumar ins  with nucleophilic reagents  see [8]). 

In 4-methoxycoumarin ,  the grouping in position 4 is replaced under the react ion of nucleophilic r e -  
agents considerably more  slowly than a chlorine atom which, in our opinion, is due pr imar i ly  to the fact 
that the methoxy group has a g r ea t e r  e lectron-donat ing capacity than a chlorine atom and to the consequent 
decrease  in the posit ive charge  on C 4 atom. Thus, 4-methoxycoumarin  sca rce ly  reac t s  with an excess of 
diethylamine (20~ 5 hr) or  with benzylamine (20~ for 5 hr  or  100~ for 10 min), while 4 -ch lorocoumar in  
is converted completely into 4-aminocoumar in  under the same conditions. 

E X P E R I M E N T A L  

The PMR spect ra  were obtained on an inst rument  with a working frequency of 60 MHz on the 6 scale 
relat ive to HMDS. The measuremen t  of the intensities of the signals (• 10-15%) was ca r r i ed  out either by 
means of an in tegrator  or  by the "area-weighing" method with an adequate development of the scale.  

Prepara t ion  of 4-Aminocoumar ins  in DMSO. The appropr ia te  amine was added to a solution of 4- 
ch lorocoumar in  in 4-5 ml of anhydrous DMSO. The react ion mixture was left at 20~ for 24 hr,  af ter  which 
it was diluted with five volumes of water.  The precipi tate  that deposited was f i l tered off and washed with 
10% HC1, water,  10~ NaOH and water,  and dried to give the des i red  product (Table 1). 

Reaction of [3-D1]-4-chlorocoumar~n with CH.~ONa in CH~OH. A solution of 0.74 g (0.004 mole) of 
[3-D~]-4-chlorocoumarin (containing more  than 95% of deuter ium as determined f rom the PMR spec t rum 
in dioxane by compar ing the intensity of the C3H signal at 6.6 ppm with the intensity of the signals of the 
four protons of the benzene ring at 7-8 ppm) and CH3ONa f rom 0.09g (0.004 g-at . )  of Na in 10 ml of abso-  
lute methanol was heated at 70~ for about 0.5 min, cooled, and diluted with 20 ml of water.  The precipi -  
tate that deposited was f i l tered off, washed with water,  and dried to give 0.7 g (97 %) of [3-D~]-4-methoxy- 
coumarin,  mp 124.5-125.5~ PMR spec t rum authentic nondeuterized 4-methoxycoumarin  (in acetonitri le),  

*The calculations of the molecular  d iagrams of the compounds of the coumarin  se r i e s  were ca r r i ed  out at 
our request  by V. I. Minkin and V. G. Vinokurov, to whom the authors express  their deep gratitude. 
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TABLE 2 

Compound 

Coumarin 
3 - Chlorocoumarin 
4- Chlorocoumarin 
3,4- Diehloroqotr 

marm 
4- Aminocoumarin 

-Electronic densities on the atoms 
O(i) 

1,~19 
1,802 
1,818 
1,818 

1,826 

C(2) 

0,819 
0,799 
0,818 
0,810 

0,833 

O(co) 

1,527 
1,612 
1,516 
1,518 

i.5.52 

C(3) C(4) 

1,032 0,857 
1,094 0,801 
0,997 0,930 
1,070 0,896 

1,090 I 0,872 

others 

3-Cl .'.'~1,985 
4-Cl : 1,978 
3-Cl : 1,963 
4-Cl : 1,977 
4-N- : 1,873 

ppm: 4.0 (singlet, 3H, CH30); 5.7 (singlet, 1H, C3H); 7-8 (multiplet,  4I-I, benzene ring).  PMR s p e c t r u m  of 
[3 -Dt ] -4 -methoxycoumar in  (in a mix tu re  of ace toni t r i le  and DMSO), ppm: 4.0 (singlet,  CH30); 7-8 (C6H4); 
the signal at 5.8 ppm had an intensity of l e s s  than 0.1H. 

React ion of 4 -Chlo rocoumar in  with CD3ONa in CD3OD. A solution of 0.37 g (0.002 mole) of 4 - ch lo ro -  
coumar in  and the CD3ONa f r o m  0.09 g (0.004 g-a t . )  of Na in 5 ml  of CD3OD (containing 98% of deuter ium) 
was boiled at 70~ for  0.5 min,  cooled and diluted with 10 ml  of D20 (99% enr ichment) .  The prec ip i ta te  that  
deposited was sepa ra ted  off, washed with a mix tu re  of D20 and CD3OD and dr ied.  The yield of 4-CD30- 
coumar in  was 0.3 g (83%), mp 125-126~ PMR spec t rum (in acetoni t r i le) ,  ppm: 5,7 (singlet, 0.9H, C(3)H); 
7-8 (C6H4); no signal of the protons of a CH30 group at 4 ppm was detected (<<0.1H). When solutions of this 
subs tance  or  of 4 -me thoxycoumar in  were  kept in aee toni t r i le  or  dioxane in the p r e sence  of D20 or  CD3OD 
for  5-20 min, no apprec iab le  r ep l acemen t  of hydrogen in posi t ion 3 by deu te r ium took place.  When a so lu-  
tion of 4 -me thoxycoumar in  was boiled with CD3OD for  6 hr  and was then allowed to stand at 20~ for  30 
days,  there  was l ess  than 15% exchange in posit ions 3 and 4o If the reac t ion  is c a r r i e d  out by boiling a so -  
l u t i ono f4 -ch lo rocoumar in  and CD3Olqa in CD3OD for 25 min,  isotopic exchange in posit ion 3 of 4-CD30- 
coumar in  takes  place  to the extent of 58 %. 

React ion of 4 -Chlo rocoumar in  with [N-D1]-piperidine.  To 0.9 g (0.005 mole)  of 4 -ch lo rocoumar in  
was added 4.2 g (0.05 mole)  of [N-D1]-piperidine (containing 90% of deuter ium,  de te rmined  by IR s p e c t r o s -  
copy). After  1 hr  (20~ a l a rge  amount of hot absolute benzene was added and the p rec ip i ta te  of p iper idine  
hydrochlor ide  that  deposited was f i l te red  off and washed with hot absolute benzene.  The combined solut ions 
were  evapora ted  in vacuum with protect ion f r o m  a tmosphe r i c  mois tu re .  The res idue  was washed with boi l -  
ing absolute  hexane,  giving 0.016 g (14%) of the piper idine of o-hydroxyphenylpropio l ic  acid [1], mp 160- 
162~ The solution was cooled, and the prec ip i ta te  that  deposi ted was f i l t e red  off to give 4-p iper id inocou-  
ma t in ,  mp 106-106.5~ yield0.88 g (79%). PMR s p e c t r u m  of an authentic nondeuter ized sample  (in CDC13), 
ppm: 1-2 (broadened signal,  6H, th ree  CH 2 groups of the f l , f i ' -  and y -pos i t i ons  of the piper idine  r ing);  2.5- 
3.5 (broadened signal,  4H, two CH 2 groups  in the ~ -  and a ' - p o s i t i o n s  of the piper idine r ing);  5.5 (singlet, 
1H, C3H); 7-7.7 (C6H4). In the 4 -p iper id inocoumar in  obtained as descr ibed  in this exper iment ,  the intensi ty 
of the C3H signal is 0.85H (for compar i son ,  the intensi t ies  of the s ignals  of the th ree  CH 2 groups in the 1-2 
ppm region were  used). When the reac t ion  was p e r f o r m e d  for  68 hr ,  4 -p iper id inocoumar in  (yield 70 %), 
deuter ized in posit ion 3 to the extent of 50-60 %,was obtained. 

React ion of [3-D 1] -4-chlorocoumar in  with Aniline. A solution of 0.74 g (0.004 mole)  of [3 -D] -4 -ch lo ro -  
coumar in  and 0.72 g (0.007 mole)  of aniline in 4 ml  of DMSO was left  at 20~ for  17 hr  and diluted with 
water  and the prec ip i ta te  was f i l te red  off, well p r e s s e d  out, and washed with boiling absolute  benzene to 
give 0.14 g (14.4%) of [3-D1]-4-ani l inocoumarin,  mp 267-268~ PMR s p e c t r u m  of the authentic nondeute-  
ra ted  subs tance  (in a mix tu re  of ace toni t r i le  and DMSO), ppm: 5.3 (singlet, C3H); 7-7.7 (sum of the C6H~, 
C(6)H, C(7)H, C(8)H signals) ;  8.2 (doublet C(5)H signal). In the PMR spec t rum of the subs tance  obtained in 
this exper iment ,  the C(3)H signal  at 5.3 ppm had an intensity of l ess  than 0.1H. 

Reaction of [3 -D] -4 -Chlo rocoumar in  with n-Buty lamine .  A solution of 0.74 g (0.004 mole)  of [3-D]- 
4 -ch lo rocoumar in  and 0.56 g (0.007 mole)  of n-buty lamine  in 4 ml  of DMSO was kept at 20~ for  1 hr  and 
was then diluted with 10 ml  of water .  The prec ip i ta te  was sepa ra t ed  off, washed with water ,  dr ied and 
washed with absolute benzene.  This  gave 0.5 g (56%) of [3 -D]-~-n-bu ty laminoeoumar in ,  mp 116-117~ (from 
absolute benzene).  PMR s pec t rum  of authentic nondeuter ized 4-bu ty laminocoumar in  (in a mix tu re  of a c e -  
toni t r i le  and DMSO), ppm: 5.2 (singlet C(3)H); 7-7.7 (sum of the C6H, CTH, and CsH); 8.1 (quartet  J, ~ 8 
Hzand  J2 ~ 1.5 Hz,CsH). After  the addition of CD3OD to a solution of the nondeuter ized sample  in a mix tu re  
of ace toni t r i le  and DMSO and standing fo r  30 min,  the intensi ty of the C3H signal had d e c r e a s e d  by 35%. 
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The PMR spectrum of the substance obtained in this experiment (in DMSO) had the C~H~ signals in the 7- 
8~ ppm region, and the C3tt signal at 5.5 ppm was practically absent (< 0.1H). 

Reaction of 4-Methoxycoumarin with CD3OD. A solution of 0.17 g (0.001 mole) of 4-methoxycoumarin 
and 0.023 g (0.001 mole) of CD~ONa in 3 ml of CD3OD was heated at 70~ for 2-3 min (the substance dis~ 
solved completely), cooled, and diluted with 3 ml of D20, and the 4-CD30-coumarin was fil tered off. PMR 
spectrum (in acetonitrile), ppm: 5.7 (singlet 0.85H, C3H); at 4 ppm, the CI-I30 signal had an intensity cor-  
responding to the presence of not more than 5% of this group. If the reaction mixture was boiled for 25 
rain, isotopic exchange in position 3 of the 4-CD30-coumarin took place to the extent of 51 go. 
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