
29Si chemical  shifts but also in the 1JCH and 2Jsi H constants,  which are  lower in the case  of I than in the case  
of II. The shift  in the resonance  of the 13C atom in the methyl  group of I, as compared  with II. to weak field is 
apparent ly due to the change in the th ree-d imens iona l  s t ruc tu re  of the si l icon atom (the si l icon atom in s i la-  
t r anes  has a t r igonal -b ipyramidal  configuration, whereas  in si lanes it has a t e t rahedra l  configuration). An in- 
d i rec t  conf i rmat ion of this is afforded by the shift to weak field of the signals of the alkyl substi tuent in the 13C 
NMR spec t ra  of a lkyl t r ich loros tannanes  during complexing [3]. 

We noted s imi l a r  changes in 1JcH, 2JSiH, and 5 (13C) during a compar i son  of the NMR spec t ra  of methyl-  
t r ie thoxys  ilane. 

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

The synthesis  of I and II was descr ibed  in [1] The measu remen t s  were  made f rom 10% solutions of the 
compounds in ch loroform (with te t ramethyls i lane  as the internal  standard) with a Tesla  BS 487C NMR spec-  
t r o m e t e r  equipped with an adapter  (developed in the Irkutsk Institute of Organic Chemist ry ,  Siberian Branch of 
the Academy of Sciences of the USSR) for  he te ronuc lear  IH-- (29Si) double resonance  [4] 
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S O M E  S U B S T I T U T I O N  R E A C T I O N S  IN A N U M B E R  O F  

P H O T O C H R O M I C  I N D O L I N E S P I R O C  H R O M E N E S  

N. P .  S a m o i l o v a  a n d  M. A. G a l ' b e r s h t a m  UDC 547.754' 814.07 : 542.944' 958 

The corresponding 5-subst i tuted compounds a re  fo rmed  in the halogenation, nitration, and 
diazo coupling of 1 ,3 ,3 - t r ime thy l -6 ' -n i t ro indo l ine -2 -  sp i re-2  ' - [2 H]chromene.  

A large  amount of r e s e a r c h  has been devoted to synthetic and photochemical  studies in the se r i e s  of pho- 
tochromic  sp i rochromenes ,  but ve ry  Iittle study has been devoted to the chemical  p roper t i e s  of these com-  
pounds, which a re  of importance in both a theoret ica l  and prac t ica l  respec t .  Continuing our  r e s e a r c h  on the 
reac t iv i t i es  of indol inespi rochromenes  [1], we accomplished the halogenation, nitration,  and diazo coupling of 
sp i rochromene  I. 

Ch. C113 CH a CB 3 

~ ~ N O ~  NO 2 

i Jla-d 

II a R=NO2; b R = B r :  c R=CI; d R =4-NO2CeH+N=N 

The ni t ra t ion of sp i rochromene  I by the action of ni t r ic  acid in acet ic  anhydride or  in concentra ted sul-  
fur ic  acid and by t rea tment  with sodium ni t r i te  in acet ic  acid and subsequent oxidation of the result ing ni t roso 
compound by a i r  oxidation lead smoothly to the corresponding 5-ni t ro-subs t i tu ted  sp i rochromene  (IIa). We 
conf i rmed the s t ruc tu re  of the sp i rochromene  by a l ternat ive  synthesis  f rom 5 - n i t r o - l , 3 , 3 - t r i m e t h y l - 2 - m e t h y l -  
eneindoline (V) and 5-ni t rosal icyla ldehyde:  
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1976; rev is ion  submitted November  22, 1976. 
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~~ ~'ca3 ca~ NO2~ ca3 on- NO2~C"" . a  

~N ~" "CH~ . . . . . .  " ~ / " ' ~ ' ~  H 3 ~ \N / \ 'GH2  

CH~ I CH 3 

III IV V 
Bromo-subs t i t u t ed  sp i roch romene  lib is f o r m e d  in good yie ld  in the b romina t ion  of I by the action of b r o -  

mine  in ch lo ro fo rm without a ca ta lys t  o r  in the p r e s e n c e  of a luminum b romide  o r  boron t r i f luor ide  e thera te ,  as 
well  as by reac t ion  with cupr ic  b romide  in ace toni t r i le .  The chlorinat ion of sp i roch romene  I by the action of 
chlor ine  in ch lo ro form o r  with cupr ic  chlor ide  in ace toni t r i le  leads smoothly to ch lor ine-subs t i tu ted  IIc. The 
resul t ing sp i roch r om enes  lib,c, we re  found to be identical  to genuine s amples  of the compounds [2]. 

We also c a r r i e d  out the diazo coupling of sp i roch romene  I with the double sa l t  of p- n i t robenzenediazoni -  
um chloride and m e r c u r i c  chlor ide [3] and isolated the p -n i t ropheny lazo-subs t i tu ted  sp i ran  in high yield.  Con- 
s ider ing that e lec t rophi l ic  subst i tut ion reac t ions ,  including diazo coupling, a r e  d i rec ted  exclus ively  to the p a r a  
posi t ion re la t ive  to  the ni t rogen a tom,  i .e. ,  to the 5 posi t ion [4], and taking into account  the fact  that the diazo 
coupling of anil ines p roceeds  a l m os t  comple te ly  in the p a r a  posi t ion [5-7], we ass igned  the 5- (p-ni t rophenyl-  
azo ) sp i rochromene  s t ruc tu re  (lld) to the product .  

The reac t ion  of b romo-subs t i t u t ed  sp i roch romene  lib with cuprous  cyanide in the p r e s e n c e  of pyr id ine  at 
150-160~ leads to 5 -cyano-subs t i tu ted  s p i roch romene  lie: 

Br~ ~ C'~,'CH3 all3 CH3 
CuCN N C ~  

l ib l i e  

The or ienta t ion of the enter ing subst i tuents  and the ease  of the invest igated substi tut ion reac t ions  evi -  
dently make it poss ib le  to conclude that in the indicated t r ans fo rma t ions  the sp i roch romenes  r e a c t  in the 
c losed spi ro  form.  

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

1 ,3 ,3 -Tr ime thy l -5 ,6T-d in i t ro indo l ine -2 - sp i ro -2 ' - [2H]chromene  (IIa). A) A 1.61-g (5 mmole)  sample  of 
sp i roch romene  I was dissolved in 50 ml  of acet ic  anhydride at room t empera tu re ,  and 0.56 g (5 mmole)  of 57% 
ni t r ic  acid (sp. gr .  1.35) was added. The mix ture  was s t i r r e d  at  60" fo r  2 h, a f t e r  which it was poured into 
100 ml of 40% solution of sodium carbonate  and 100 ml of ch loroform.  The mix ture  was s t i r r e d  for  40 rain, 
a f t e r  which the organic  l aye r  was separa ted ,  and the aqueous l aye r  was ex t rac ted  with ch lo roform.  The c o m -  
bined ex t r ac t s  w e r e  evaporated,  and the res idue  was ch romatographed  with a column fi l led with a luminum ox- 
ide with succes s ive  elution with heptane, b e n z e n e - h e p t a n e  (1:1),  and ch lo roform.  The ch lo ro fo rm f rac t ion  
was evaporated,  and the res idue  was c rys t a l l i zed  f rom heptane to give 0.8 g (43%) of sp i roch romene  IIa with 
mp 208-210 ~ and R f (in a thin l aye r  of A1203) 0.048 (heptane), 0.35 (benzene), and 0.73 (chloroform).  According 
to the data in [4], this compound had mp 175-177~ Found: C 62.0; H 4.7; N 11.2%. CI~HI?N~O 5. Calculated:  
C 62.1; H 4.7; N 11.4%. 

B) h 1.61-g (5 mmole)  sample  of sp i roch romene  I was dissolved in 100 ml  of glacia l  acet ic  acid, a f t e r  
which 0.69 g (10 mmole)  of sodium ni t r i te  was added at  r oom t empera tu r e ,  and the mix ture  was s t i r r e d  for  30 
min. It was  then poured into water ,  and the aqueous mix tu re  was ex t rac ted  with benzene.  The ex t rac t  was  
f i l t e red  through a thin l aye r  of a luminum oxide, and the f i l t r a te  was worked up to give 1.6 g (87%) of s p i r o -  
ch romene  IIa with mp 208-210" (from heptane). 

C) A 1.61-g (5 mmole)  s ample  of s p i r o c h r e m e n e  I was dissolved in 30 ml  of concent ra ted  H2SO o and the 
solution was cooled to 0 ~ and t r ea t ed  with 0.56 g (5 mmole)  of 57% ni t r ic  acid (sp. gr .  1.35). The mix ture  was 
s t i r r e d  at  5~ fo r  i h, a f t e r  which it was  poured ove r  ice, and the resul t ing prec ip i ta te  was r emoved  by f i l t r a -  
tion and washed  with water .  The solid was t r ea t ed  with 100 ml  of a 40% solution of sodium carbonate  and 100 
ml of ch loroform,  and the mix ture  was  worked up as in method A to give 1.1 g (60%) of IIa with mp 208-210 ~ 
(from heptane). 

D) A 1.67-g (10 mmole)  sample  of 5-n i t rosa l icy ia ldehyde  was added with s t i r r ing  to a solution of 2.18 g 
(10 mmole)  of 5 - n i t r o - l , 3 , 3 - t r i m e t h y l - 2 - m e t h y l e n e i n d o l i n e  (V) and 10 ml  of ethanol, a f t e r  which the mix tu re  
was ref luxed fo r  3-4 h. It was  then cooled, and the p rec ip i t a te  was sepa ra t ed  and c rys t a l l i zed  f r o m  heptane to 
give 3 g (82%) of sp i roch rom ene  I Ia  with mp 208-210~ 
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1 , 3 ~ 3 - T r i m e t h y l - 5 - b r o m o - 6 , - n i t r o i n d o l i n e - 2 - s p i r o -  2 ' - [2H]chromene  (lib). A) A 1.66-g (5.1 mmole)  sample  
of s p i r o c h r o m e n e  I was  d i sso lved  in 40 ml  of ch lo ro fo rm,  0.8 g (5 mmole)  of b romine  was added to the solution 
with heating, and the mix tu re  was  s t i r r e d  at  60" f o r  2.5 h. Sodium carbonate  (35 g), 120 ml  of ch loroform,  and 
150 ml  of w a t e r  were  added, and the mix tu re  was s t i r r e d  until the p rec ip i t a te  had d isso lved  complete ly .  The 
organic  l aye r  was separa ted ,  washed  with water ,  and f i l t e red  through a luminum oxide. The f i l t r a te  was evapo-  
ra ted,  and the res idue  was c rys t a l l i zed  f r o m  heptane to give 1.72 g (84%) of s p i r o c h r o m e n e  lib with mp 154 ~ 
(152 ~ according  to [2]7. React ion under  the s a m e  conditions in the p r e s e n c e  of 2.67 g (10 mmole)  of anhydrous 
A1Br 3 gave  1.95 g (95%) of lib with mp 154 ~ and R f  (Silufol) 0.36 (benzene) and 0.48 (chloroform).  The product  
was  identical  to an authentic s ample  obtained by the method in [2]. Found: C 56.6; H 4.5; B r  19.5%. ClsHI?Br- 
N20~. Calculated:  C 56.9; H 4.3; B r  19.9%. 

B) A 1.66-g (5.1 mmole)  s ample  of s p i r o c h r o m e n e  I was dissolved in 40 ml  of ca rbon  te t raeh lor ide ,  
0.88 g (5 mmole)  of N-b romosucc in imide  (NBS) was added, and the p rec ip i t a ted  succinimide was separa ted .  The 
solution was f i l t e red  through a luminum oxide, and the f i l t r a t e  was evapora ted .  The res idue  was c rys t a l l i zed  
f r o m  heptane to give  1.91 g (95%) of s p i r o c h r o m e n e  I]b with mp 154 ~ 

C) A mix tu re  of 0.32 g (1 mmole)  of s p i r o c h r o m e n e  I, 0.45 g of cuprous  b romide ,  and 50 m l  of ace toni -  
t r i l e  was heated at  80 ~ fo r  10 rain, a f t e r  which 20 g of sodium carbonate ,  70 ml of ch lo roform,  and 100 ml of 
w a t e r  we re  added, and the mix tu re  was worked up as desc r ibed  above to give 0.35 g (87%) of sp i roch romen e  IIb 
with mp 154~ 

D) Boron t r i f luor ide  e thera te  (3 ml) was added to 3.22 g (10 mmole)  of a solution of sp i roch romen e  I in 
80 ml  of ch lo ro fo rm,  during which a yel low prec ip i t a t e  fo rmed .  Bromine  [1.6 g (10 mmole)]  was then added with 
heating and St irr ing,  a f t e r  which s t i r r ing  was continued fo r  1 h. Sodium carbonate  (50 g), 150 ml of ch loroform,  
and 200 ml  of w a t e r  were  added, and the mix tu re  was s t i r r e d  until the solid had d isso lved  complete ly .  The o r -  
ganic l aye r  was washed with w a t e r  and worked  up as descr ibed  above to give 3.71 g (92.5%7 of sp i roch romene  
Iib with mp 154 ~ 

1 , 3 , 3 - T r i m e t h y l - 5 - c h l o r o - 6 ' - n i t r o i n d o l i n e - 2 - s p i r o - 2 ' - [ 2 H ] c h r o m e n e  (lie). A) A 3.22-g (10 mmole)  
s amp le  of sp i roch rom ene  I was  d isso lved  in 80 ml  of ch loroform,  and chlor ine  was bubbled into the mix tu re  at  
60~ until the i nc r ea s e  in weight was  0.71 g, a f t e r  which the mix tu re  was s t i r r e d  at  60 ~ f o r  2.5 h. It was then 
cooled, and the p rec ip i t a t e  was s e p a r a t e d  and washed with a sma l l  amount  of ch lo ro fo rm to r emove  unchanged 
s p i r o c h r o m e n e  I. Ethanol (10 ml), 40 g of sodium carbonate ,  and 150 ml of wa te r  we re  added to the prec ip i ta te ,  
and the mix tu re  was heated gent ly  with s t i r r ing ,  a f t e r  which it was ex t rac ted  with ch lo roform.  The ex t rac t  was  
washed with w a t e r  and f i l t e red  through a luminum oxide, and the f i l t r a te  was evapora ted .  The res idue  was c r y s -  
ta l l ized f r o m  heptane to give 2.9 g (81.2%) of s p i r o c h r o m e n e  lic with mp 154-155~ (155 ~ according to [2]7. The 
p roduc t  was  identical  to a genuine sample  obtained by the method in [2]. 

B) Sp i rochromene  IIc, with mp 154-156~ was obtained in 83% yie ld  by the action of cuprous  chlor ide on 
s p i r o c h r o m e n e  I, as  desc r ibed  in the p r epa ra t i on  of s p i r o c h r o m e n e  lib (method C). 

1 , 3 , 3 - T r i m e t h y l - 5 -  (p -n i t ropheny lazo ) -6 ' -n i t ro indo l ine -2 - sp i ro -2 , -  [2 H]chromene (IId). A 2 .5-g  (5.5 
mmole)  s ample  of the double sa l t  o f  p -n i t robenzenediazonium chloride and m e r c u r i c  chlor ide [3] was added to 
1.5 g (4.6 mmole)  of s p i r o c h r o m e n e  I in 30 ml  of acetone,  and the mix ture  was s t i r r e d  fo r  30 min, a f t e r  which 
it was poured  into 200 ml of water ,  and the p rec ip i t a te  was separa ted ,  washed with water ,  and c rys t a l l i zed  
f r o m  heptane to give 1.93 g (89%7 of s p i r o c h r o m e n e  rid with mp 257~ The produc t  was obtained as o range -  
red  powder  that was quite soluble in alcohol and acetone to give a red solution, which turned yellow when it was  
acidified. No photochromic  p r o p e r t i e s  could be observed .  Found: C 63.5; H 4.4; N 14.6%. C25H21NhO 5. Calcu-  
lated: C 63.7; H 4.5; N 14.8%. 

1,3,3- T r i m e t h y l - 5 - c y a n o - 6 , - n i t r o i n d o l i n e - 2 - s p i r o - 2 , -  [2 H]chromene (He). Two drops of pyridine was 
added to a thoroughly ground mix tu re  of 0.8 g (2 mmole)  of sp i roch romene  lib and 0.3 g (3.3 mmole)  of cuprous  
cyanide,  a f t e r  which the mix tu re  was  heated at  150-160~ fo r  6 h. It was  then cooled and ex t rac ted  with chlo-  
ro fo rm,  and the ex t r ac t  was  evapora ted  to a sma l l  volume.  The res idua l  mix ture  was ch romatographed  with a 
column fi l led with a luminum oxide with elution by heptane (fraction A), b e n z e n e - h e p t a n e  (1 : 1) (fraction B), 
and ch lo ro fo rm (fraction C). Workup of f rac t ions  A and B gave  0.3 g of unchanged sp i roch romene  IIb. F r a c -  
tion C was evapora ted ,  and the res idue  was c rys t a l l i zed  f rom heptane to give 0.4 g of crude product  with mp 
105-107~ F o r  final purif icat ion,  the product  was ch romatographed  on a pla te  with a thin fixed l aye r  of s i l ica  
gel  (elution with benzene);  the pr inc ipa l  spot was ex t rac ted  with ch loroform,  and the ex t r ac t  was worked up to 
give 0.15 g (21.5%) of s p i r o c h r o m e n e  lie with mp 148-150~ and R (Silufol) 0 1 (benzene)and 0 21 (chloroform) S , . �9 

IR spec t rum:  2200 cm -1 (C-~N). The product  was obtained in the f o r m  of l ight-yel low c r y s t a l s  that were  quite 
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soluble in ordinary organic solvents. The solutions displayed ordinary photochromic propert ies.  Found: 
C 69.1; I-I 5.2; N 12.1%. C20HITN303. Calculated: C 69.2; H 4.9; N 12.1%. 

2,3,3-Trimethyl-5-nitroindolenine {l'II). A mixture of 7 g (45.7 mmole) of p-nitrophenylhydrazine and 5 
ml (46.5 mmole) of methyl isopropyl ketone was heated on a water  bath for 1 h, after which 100 ml of concen- 
trated HC1 was added, and the mixture was refluxed for 4 h. It was then filtered, and the fi l trate was made al- 
kaline with sodium carbonate and extracted with benzene. The extract  was dried with potassium hydroxide and 
evaporated, and the residue was recrystal l ized from alcohol to give 4 g (43%) of a product with mp 128-129 ~ 
Found: C 64.5; H 5.6%. ClIHI2N202. Calculated: C 64.7; H 5.9%. 

1,2 ,3 ,3- Tetramethyl-5-nitroindoleninium Iodide (IV). A mixture of 4.1 g (20 mmole) of indolenine III and 
6 g (42 mmole) of methyl iodide was refluxed for 2 h, after  which it was evaporated, and the residue was c rys -  
tallized from alcohol to give 3 g (43%) of IV with mp 210 ~ Found: C 41.2; H 4.7; N 7.7%. C12HlsIN~O 2. Calcu- 
lated: C 41.6; H 4.4; N 8.1%. 

1,3,3-Trimethyl-5-nitro-2-methyleneindoline (V). A 3-g (8.7 mmole) sample of IV was added to an ex- 
cess of 40% aqueous sodium hydroxide solution, and the mixture was extracted with ether. The extract  was 
evaporated, and the residue was crystal l ized from heptane to give 1.5 g (79%) of indolineVwithmp 92-95 ~ Found: 
C 65.6; H 6.3; N 12.9%. C12H14N202. Calculated: C 66.0; H 6.5; N 12.8%. 
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