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The reaction of 2-methoxycarbonyl-4, 4-dichloro-2-chromene with 
!-piperidino-l-eyclohexene, for example, shows the high alkylating 
ability of 4, 4-dichlorochromenes toward enamines. In this case, the 
reaction is accompanied by the transfer of the reaction center in the 
dichloro compound from the 4- to the 2-position (allyl rearrange- 
ment), resulting (after acid hydrolysis) in the formation of 2-methoxy- 
carbonyl-2-(2'-oxo-l'-cyclohexyl)-4-chloro-3-chromene in two di- 
astereoisomerie pairs (IIa and b), The structure of compounds IIa and b 
is proved by hydrogenation to the diastereoisomeric 2-methoxycar- 
bonyl-2-(2'-oxo-l'-cyelohexyl)chromans (Ilia and b) and examina- 
tion of the NMR spectra of the latter. Hydrazides (iVa and b) were ob- 
tained from IIa and b, compound IVb then being eyclized to the imra- 
molecular acylhydrazone V, which provides additional support for the 
structure IL 

In cont inuat ion of our e a r l i e r  inves t iga t ion  into the 
reac t ion  of nucleophi l ic  r eagen t s  with 4 ,4 -d i ch lo ro -  
ch romenes ,  we have examined  the r eac t i on  of 2 - m e t h -  
o x y c a r b o n y l - 4 , 4 - d i c h l o r o - 2 - c h r o m e n e  (I) with the t e r -  
t i a ry  enamine  1 - p i p e r i d i n o - l - c y c l o h e x e n e .  The r eac t i on  
was c a r r i e d  out with an excess  of the enamine  in ben -  
zene solut ion,  without heat ing.  Of the two poss ib le  
subs t i tu t ion  products  (II or  B) of the doubly reac t ing  
gem-d ich lo ro  compound, only the ch romene  II, con-  
ta in ing  a cyelohexanone group in  the 2 -pos i t i on ,  was 
obtained. The reac t ion  had the re fo re  proceeded with 
al lyl  r e a r r a n g e m e n t  of the 4 ,4 -d i ch lo roch romene  s y s -  
tem.  
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The in t e rmed ia t e  subs t i tu ted  enamine  (A) was not 
isola ted in the f ree  s ta te ,  but  was immedia t e ly  sub jec t -  

*For  par t  XXIX, see  [1]. 

ed to acid hydro lys i s  to give the ch romene  II. Com- 
pound II has two a s y m m e t r i c  ca rbon  a toms,  and 
therefore  probably  cons is t s  of four s t e r e o i s o m e r s .  We 
have in fact  succeeded in i so la t ing  two compounds with 
mp 171-171.5 ~ C (Ha) and 106-107 ~ C (lib), appa ren t -  
ly r a c e m a t e s .  The IR s p e c t r a  of IIa and b in CHC13 a r e  
c l ea r ly  different  f rom each other  (figure).  The UV 
sl~ectral cu rves  have a defini te  r e s e m b l a n c e ,  but the 
in tens i t i es  and posi t ions  of the absorp t ion  m a x i m a  do 
not coincide exact ly.  The Rf values  f rom t h i n - l a y e r  
chromatography  are also not ident ical .  Crys ta l loopt ic  
ana lys i s  shows d i f fe rences  in the r e f r ac t i ve  indices  of 
IIa and b. The a l locat ion  of the 2 ,2 -d i subs t i tu ted  3- 
chromene  s t r u c t u r e  to these compounds is suppor ted  
by the NMR s p e c t r a  of the i r  hydrogenat ion products  
(IIIa and b). The NMR spe c t r a  of both IIIa and b ( r e -  
corded in  CDC13 re l a t ive  to hexamethy ld i s i l ane  on a 
Hi tachi -H-60 appara tus  with a working  f requency  of 
60 MHz) show a broad mul t ip le t  at 6 1 .5 -3 .2  ppm due 
to the protons of pyran  and cyclohexane r ings  (the 
shapes of the mul t ip le t s  f rom IIIa and b are  not s i m i -  
lar) ,  a sharp  3 -pro ton  s ingle t  at 3.65 ppm due to the 
CH3--O group, and a mul t ip le t  between 6.7 and 7 .2ppm 
due to the four protons of the benzene  r ing.  The s p e c -  
t r u m  shows no s ignal  in the 4 - 5 - p p m  region,  as would 
be expected f rom the proton in the 2 -pos i t ion  of the 
c h r o m a n  r i ng  if the cyclohexyl  res idue  were attached 
to the atom C4. In the model  compound, 2 - e thoxyca r -  
bonylchroman,  the methiue proton in the 2 -pos i t ion  is 
s een  as a t r ip l e t  at 5 4.57 ppm [1]. 

The nuc l ea r  quadrupole  r e sonance  spec t rum (NQR) 
of IIa also co r re sponds  with this  s t r u c t u r e .  The chlo-  
r ine  atom gives a s ignal  at 35.502 MHz, which is 
the s ame  reg ion  as that observed  for the known 4 -ch lo -  
r o c o u m a r i n  (35.455 MHz), which may  be cons ide red  as 
approx imat ing  a model  compound for compound IIa (the 
authors  a re  very  grateful  to G. K. Semin and T. A. 
Babushkina for r eco rd ing  and i n t e rp re t i ng  the NQR 
spec t ra ) .  

The e s t e r s  IIa and b were  conver ted  into the c o r -  
responding  hydraz ides  (IVa and b). The hydraz ide  IVb, 
for example ,  undergoes  cyc l iza t ion  to the i n t r a m o l e c -  
u l a r  acylhydrazone  (V). This conver s ion  also suppor ts  
the val idi ty  of the s t r uc t u r e  indica ted  in fo rmula  II, 
s ince  study of the S tua r t -Br i eg leb  m o l e c u l a r  models  
shows that s t r uc t u r e  B could not undergo this cye l i za -  
tion. 

The detai led s t r uc t u r e  of 4 ,4 -d i ch lo roch romenes  
p r e sen t s  an in t e re s t ing  p rob lem.  In our opinion, not -  
wi ths tanding the r e s e m b l a n c e  to the pyry l ium sal ts  in 
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T he  IR s p e c t r a  of t h e  d i a s t e r e o i s o m e r i c  2 - m e t h o x y c a r b o n y l - 2 - ( 2 ' -  

o x o - l ' - c y c l o h e x y l } - 4 - e h l o r o - 3 - c h r o m e n e s  (IIa a n d  b)  in  CHC13: 

1) I Ia ,  c 0 . 0 0 5 m o l e ,  d 0 .133  m m ;  2) I lb ,  c 0 .005  m o l e ,  d 0 .109  m m .  

r e a c t i v i t y ,  t he  4 , 4 - d i c h l o r o c h r o m e n e s  c l e a r l y  p o s s e s s  

a c o v a l e n t  C---C1 bond ,  a l t h o u g h  t h i s  i s  s t r o n g l y  p o -  

l a r i z e d .  The  c o v a l e n t  c h a r a c t e r  of t he  b o n d  is  to  a c e r -  
t a i n  e x t e n t  c o n f i r m e d  b y  t h e  f a c t  t h a t  t h e s e  c o m p o u n d s  
a r e  c o l o r l e s s  o r  p a l e  y e l l o w  in  c o l o r ,  a r e  s o l u b l e  in  

n o n p o l a r  s o l v e n t s ,  h a v e  f a i r l y  l ow  m e l t i n g  p o i n t s ,  and  

s o m e  of t h o s e  w i t h o u t  h e a v y  s u b s t i t u e n t s  c a n  b e  d i s -  

t i l l e d  in  v a c u o .  In the  a l l y l  s y s t e m  of the  d i c h l o r o -  
c h r o m e n e s  in  the  c r y s t a l l i n e  s t a t e ,  b o t h  c h l o r i n e  a t o m s  
a r e  c l e a r l y  in  the  4 - p o s i t i o n ,  i . e . ,  a r e  g e m i n a l ,  as  i s  

s h o w n  by  t h e  NQR s p e c t r a .  T h u s  in the  NQR s p e c t r a  

of  t h e  d i c h l o r o  c o m p o u n d  I a n d  of 2 - c h l o r o c a r b o n y l -  

4 , 4 - d i c h l o r o c h r o m e n e ,  t h e r e  a r e  s e e n  on ly  s i n g l e  s i g -  
n a l s  in  t h e  3 3 - 3 8 - M H z  r e g i o n  due  to t h e t w o  e q u i v a l e n t  

c h l o r i n e  a t o m s  a t  36 .043 a n d  36 .995  MHz,  r e s p e c t i v e l y ,  
as  i s  a l s o  the  c a s e  w i t h  9 , 9 - d i c h l o r o x a n t h e n e  (36 .316  

MHz) .  
P y r y l i u m  s a l t s  m a y  b e  o b t a i n e d  f r o m  4 , 4 - d i c h l o r o -  

c h r o m e n e s .  F o r  e x a m p l e ,  t he  d i e h l o r o  c o m p o u n d  I and  
2 - e t h o x y c a r b o n y l - 4 , 4 - d i c h l o r o c h r o m e n e  (VI) r e a c t w i t h  

SbC15 to g ive  2 - m e t h o x y c a r b o n y l -  and  2 - e t h o x y c a r -  

b o n y l - 4 - c h l o r  o b e n z o p y r y l i u m  h e x a c h l o r o a n t i m o n a t e s  

(VIIa  and  b) .  
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The  IR s p e c t r a  of VIIa  and  b s h o w  the  e s t e r  c a r -  

b o n y l  a b s o r p t i o n  b a n d s  a t  1760 e m  - l ,  t h e r e b y  e x c I u d -  
i n s  t he  p o s s i b l e  s t r u c t u r e  w h e r e  the  SbC15 f o r m s  an  
a d d u c t  w i t h  t h e  c a r b o n y l  oxygen .  The  s a l t s  VIIa  and  b 

a r e  y e l l o w  in  c o l o r ,  and  a r e  s o l u b l e  i n  f a i r l y  p o l a r ,  
i n e r t  s o l v e n t s ,  b u t  i n s o l u b l e  in  w a t e r .  T h e y  a r e  m u c h  
m o r e  s t a b l e  t o w a r d  w a t e r  a n d  e n a m i n e s  t h a n  a r e  t h e  

p a r e n t  d i c h l o r o  c o m p o u n d s .  
In a d d i t i o n  to  t h i s  i n v e s t i g a t i o n ,  b e a r i n g  in  m i n d  

t h e  e x t r e m e  e a s e  of h y d r o l y s i s  of 4 , 4 - d i c h l o r o c h r o -  
m e n e s  in  q u a n t i t a t i v e  y i e l d s ,  we h a v e  u t i l i z e d  t h i s  r e -  
a c t i o n  f o r  l a b e l i n g  t he  c a r b o n y l  o x y g e n  of b e n z o p y -  
t o n e s .  T h u s ,  d e c o m p o s i t i o n  of the  d i c h l o r o  c o m p o u n d  
I w i t h  H2018 c o n t a i n i n g  55% of O 18 a f f o r d e d  2 - m e t h o x y -  
c h r o m o n e ,  t he  IR s p e c t r u m  of w h i c h  in  CC14 s o l u t i o n  

s h o w e d  c l e a r l y  t h e  v i b r a t i o n  b a n d s  of the  p y r o n e  c a r -  
b o n y l  w i t h  O 1G and  018 a t  1663 and  1650 c m  -1, r e -  

s p e c t i v e l y .  We e x p e c t  t h a t  t he  a b i l i t y  to  o b t a i n  p y r o n e s  

l a b e l e d  a t  t h e  c a r b o n y l  g r o u p  w i l l  a s s i s t  i n  the  s o l u t i o n  

of s e v e r a l  p r o b l e m s  c o n n e c t e d  wi th ,  foi~ e x a m p l e ,  the  
k i n e t i c s  of c a r b o n y l  o x y g e n  e x c h a n g e  in  a c i d  m e d i a ,  

t he  s t r u c t u r e  of p y r o n e  d e r i v a t i v e s  ( s u c h  as  4 - h y d r o x y -  
c o u m a r i n )  w h i c h  a r e  c a p a b l e  of t a u t o m e r i c  c o n v e r s i o n ,  

e t c .  
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Thin-layer chromatography was carried out on grade II alumina 
with chloroform in the cases of compounds IIa, b and IIIa, b, and with 
grade VI activity using a mixture of chloroform and ethyl acetate 
(10 : 1) for compounds IVa and b. 

2-Methoxycarbonyl-2-(2'-oxo- I ' -  cyclohexyl)-4-chloro-3 -chro- 
menes (IIa and b). To a solution of the dichloro compound I [13, ob- 
tained from 4.08 g (0.02 mole) of 2-methoxycarbonylchromone in 
80 ml of dry benzene was added a solution of 8.26 g (0.05 mole) of 
1-piperidino-l-cyelohexene in 10 ml of benzene, and the mixture 
was kept for ~18 hr. Then 250 ml of 2 N HC1 was added, and themix- 
ture was kept for a further 2 hr with occasional shaking. The acid 
layer (A) was separated and the benzene layer washed with water and 
evaporated in vacuo. The residue was treated with a mixture of meth- 
anol and light petroleum (1 : 4), and the resulting crystals were fil- 
tered off and washed with a small amount of methanol, giving 1.04 g 
of a mixture of compounds IIa and b (fraction 1) with a satisfactory 
elemental analysis that showed only two spots with thin-layer chro- 
matography on AlzO s. The filtrate and washings yielded a further 
0.94 g of the mixture of IIa and b (fraction 2). Benzene was added to 
acid solution A; the organic layer separated after 8 hr and a further 
0.96 g of the mixture of IIa and b (fraction 3) separated as above. 
This operation was repeated once more, and the benzene layer sep- 
arated after ~18 hr to give another 0.54 g of the mixture (fraction 4). 
Fractions 2, 3, and 4 were combined and crystallized from the mini- 
mum amount of methanol to give 2.34 g of a mixture of IIa and b 
(fraction 5), with a satisfactory analysis and ehromatogram. The total 
yield of the mixture of IIa and IIb was 8.38 g (52.6%). Recrystallization 
of fraction 1 from ethanol gave IIa, mp 171-171.5 ~ C, Rf 0.63; UV 
spectrum (in heptane, c 1.10 -4 to 1 �9 10-3): kmax 224, 270 and 319 nm 
(log s 4.45, 3.66, and 3.48); IR spectrum (chloroform): 1~/60 cm "z 
(ester carbonyl), 1723 cm -z (ketone carbonyl), Np 1.519, Nm ~ 1.670, 
Ng 1.702. Found, %: C 63.68, 63.5% H 5.47, 5.44; C1 11.19, 11.24. 
Calculated for C17HirCIO4, %: C 63.65; H 5.83; Cl 11.05. Fraction 5 
(2.34 g), twice recrystalltzed from 70% methanol (the first time with 
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charcoal) gave 1.5 g of IIb (the recrystallization was best carried out 
by seeding and cooling to about 40 ~ C for about 15 rain), mp 106-  
107 ~ C, Rf 0.8; UV spectrum (heptane, c 1" 10 -4 to 1" 10-3): kma  x 
222, 268, and 312 nm (Iog s 4.54, 3.58, and 3.48); IR spectrum 
(CHCls): 1740 em -~ (ester carbonyl), 1710 cm -1 (ketone carbonyl). 
Np 1.561, N m ~ 1.600, Ng 1.736. Found, %: C 63.69, 63.52; H 5.36, 
5.36; C1 11.10, 10.89. Calculated for CnH17C104, %: C 63.65; H 5.33; 
C1 11.05. 

2-Methoxycarbonyl-2-(2'-oxo-l'-cyclohexyl)chroman (Ilia). 1.25g 
(3.9 raM) of IIa in alcohol was hydrogenated over 0.2 g of 5% Pd/BaSO 4 
in presence of 0.4 g of tr iethylamine under the usual conditions until 
8.2 mM of H 2 had been taken up. The catalyst was filtered off, the 
solution evaporated in vaeuo, and the residue washed repeatedly by 
decantation with water and recrystallized from 70% methanol,  giving 
0.76 g (67.6~ of IIIa, mp 110-111~ (from alcohol); Rf 0.55. Found, 
%: C 70.96, 71.17; H 7.05, 7.25. Calculated for CITHz004, %: C 70.81; 
H 6.99. 

2- Methoxycarbonyl- 2-(2'- oxo- i- eyclohexyl)chrom an (IIIb). 0.32g 
(1 mlVl) of the ester IIb in methanol was hydrogenated in the presence 
of 0.22 g of triethylamine as for IIIa, and the residue remaining after 
evaporation of the solution was washed with water and extracted with 
a mixture of ether and ethyl acetate.  The combined extracts were 
evaporated, the residual oil was crystallized by rubbing, and the over- 
all yield of residue was induced to crystallize by scratching and was 
treated with light petroleum to give 0.28 g (48.3%) of IIIb, mp 109-  
110" C (from 70% methanol).  Rf 0.43. Found, %: C 70.82, 70.92; 
H 7.12, 7.08. Calculated for C1TH2004 , %: C 70.81; H 6.99. T h e m e l t -  
ing point of a mixture of Ilia and b was depressed (95-105 ~ C). 

2 -{2 ' -Oxo- l ' - cyc lohexyl ) -4-  cMoro- 8-chromene-2-carbonohydra- 
zide (IVa). A 0.64-g quantity (2 mM) of IIa and 0.11 g of hydrazine 
hydrate in 150 ml of methanol was kept at 20 ~ C for about 18 hr, the 
methanol distilled off quickly in vacuo at about 45 ~ C, andtheresidue 
triturated with dry ether, after which the crystals were filtered off, 
washed with ether and recrystallized from absolute ethanol to give 
0.26 g (40.5%) of the hydrazide IVa, decomp. 123 ~ C. Rf 0.14; IN 
spectrum (KBr disk): 3500, 3325, 3280 em -I (NHNH z group), 1708 
em -t  (broad, very intense unsymmetrical  band due to two carbonyl 
groups). Found, %: C 60.05, 59.99; H 5.40, 5.19; N 8.88, 8.87. Cal-  
culated for CIe, H17C1N2Os, o]o: C 59.91; H 5.34; N 8.73. 

2- (2 ' -0xo-1 ' -cyc lohexyl ) -4-chloro-a-chromene-2-carbonohydr  a- 
zide (IVb). The reaction between 0.64 g of the ester IIb and 0.11 g of 
hydrazine hydrate in 100 ml  of methanol  was carried out as above, and 
the product treated with ethanol to give 0.46 g (71.8%) of the hydra- 

zide IVb, decomp, above 100 ~ C, Rf 0.23. Found, %: C 60.28, 60.29; 
H 5.53, 5.28; N 8.48, 8.55. Calculated for C16Ht?C1N2Os, %: H 5.34; 
N 8.73. 

Intramolecular hydrazidohydrazone (V). A solution ot 0.2 g (0,62 
raM) of the hydrazide IVb in dry toluene was boiled for 1 hr, water 
being removed by means of a Dean and Stark apparatus containing 
barium oxide. The solution was filtered hot and kept for about 16 hr. 
The precipitate which separated was filtered off ~nd washed with 
toluene to yield 0.1 g (53 %) of V, mp 156 ~ C (decomp. ,  from toluene), 
IR spectrum (KBr disk): 3345, 3290 (NH), 1739 C=O), 1702 (C=N),  
1645, 1610 and 1580 cm "1 (pyran and benzene double bonds). Found, 
%: C 63.11; H 5.01; C1 11.52. Calculated for CIGHIhCINzOz, o]o: C 63.48; 
H 5.00; C1 11.77. 

2 - Methoxycarbony1-4- chlorobenzopyrylium hexachloroantimonate 
(VIIa). To a solution of the dichloro compound I (from 2.04 g of 2- 
methoxycarbonylchromone) in 100 ml  of dry benzene was added 
2.98 g (0.01 mole) of SbCl~. The resulting precipitate was filtered, 
washed with benzene and then with ether to give 5.2 g (93.7%) of the 
salt VIIa, decomp. 180 ~ C. IN spectrum (in off): 1760 (ester C-=O), 
1625 and 1590 cm -1 (double bonds of the benzene and pyran rings). 
Found, %: C143.99, 43.96; Sb 21.62, 21.69. Calculated for CnHsC17028b , 
%: CI 44.48; Sb 21.82. 

2-  Ethoxycarbonyl-4- chlorobenzopyrylium hexachlomant imonate  
(VIIb). To a solution of the dichloro compound VI (from 1.09 g of 
2-ethoxycarbonylchromone) in 20 ml  of dry benzene was added 1.49 g 
(5 raM) of SbC1 a while dry hydrogen chloride was passed in at the 
same t ime.  The precipitate was filtered off to give 1.6 g (56%) of the 
salt VIIb, mp 177 ~ C (decomp. ,  from dichloroethane). Found, % 
C1 43.43; Sb 21.62. Calculated for C12H10C17OaSb , %: C1 43.38; Sb 
21.28. The IR spectrum (in oil) shows bands at 1760, 1625, and 1690 
c m  " t  ' 
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