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React ion of 2 ,3 ,3- t r imethyl indolenine with ethylene iodohydrin gave 1-hydroxyethyl -2 ,3 ,3-  
t r imethyl indoleninium iodide, which gives 3a ,4 ,4- t r imethyloxazol idino [3,2-a]indoline on 
t r ea tmen t  with sodium carbonate  solution. Condensation of the la t te r  with 5 -n i t ro -  and 3- 
methoxy-5-n i t rosa l icy la ldehydes  gives,  respec t ive ly ,  N-hydroxyethyl  der iva t ives  of 6 ' -  
n i t ro -  and 6 ' -n i t ro -8 ' -methoxysp i ro ( indo l ine -2 ,2 ' -benzopyrans )  (V, VI), while condensa-  
tion with 3-ni t rosa l icyla ldehyde gives 4 ,4 -d ime thy l -3a - (2 -hydroxy-3 -n i t ros ty ry l )oxazo l id -  
ino[3,2-a]indoline (VII). Acylation of n i t rosp i ran  V and oxazolidinoindoline VII with meth-  
ac ry ly l  chloride in pyridine proceeds  at the f ree  hydroxyl  groups ,  while a mixture  of 
de r ivat ives  of 1-(/3 -methacry loxye thy l ) sp i ropyran  and 3a- (2 -me thac ry loxy-3 -n i t ro s ty ry l ) -  
oxazolidinoindoline is formed under  the same conditions f rom n i t romethoxysp i ropyran  VI. 
Acylation of V in acetone in the p resence  of sodium bicarbonate  gives 4 ,4 -d imethy l -3a-  
(2 -methac ry loxy-5-n i t ros ty ry l )  oxazolindo-[3,2-a]indoline.  The mechanism of the i som-  
e r i c  t rans format ions  of the var ious fo rms  that contain sp i ropyran  and oxazolidino-indoline 
rings was studied by means of e lec t ronic  spec t ra .  The photochromic p roper t i e s  of the 
sp i ropyrans  were  invest igated.  

Spiropyrans  that contain unsatura ted  groupings are  of in te res t  as monomers  for  the prepara t ion  of 
photochromic po lymers ,  but compounds of this type have rece ived  ve ry  l i t t le study [2-5]. An at tempt  to 
obtain 1 -methacry loxye thy l -3 ,3 -d imethy l -6 ' -n i t rosp i ro ( indo t ine -2 ,2 ' - [2H-1] -benzopyran)  is descr ibed  in 
a patent  [5], but ne i ther  the methods used to purify the product  nor  its ch a r ac t e r i s t i c s  are  given. The aim 
of the p resen t  investigation was the synthesis  of 1 -methacry loxye thyl  der iva t ives  of sp i ropyrans  of the in-  
doline s e r i e s .  

Heating of 2 ,3 ,3- t r imethyl indolenine  (I) with ethylene iodohydrin gave a quantitative yield of a qua te r -  
na ry  salt ,  towhich we assigned the 1-hydroxyethyl -2 ,3 ,3- t r imethyl indolenin ium iodide s t ruc tu re  (II). How- 
eve r ,  on t r ea tmen t  of the l a t t e r  with sodium carbonate  solution, we isolated 3a ,4 ,4- t r imethyloxazol id ino-  
[3,2-a]indoline (III) in 93.5% yield instead of the expected methylene base .  
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Fig.  1. PNt t  spec t r a :  1) IlI; 2) VHI; 3) X. 

Signals of methyl  groups  at  1.05, 1.20, and 1.33 ppm 
and a mul t ip le t  at 3.35 ppm (the cen te r  of the mult iplet) ,  
which co r r e sponds  to the methylene groups of the oxa-  
zolidine r ing,  a re  obse rved  in the PMR s p e c t r u m  of III 
(Fig. 1). The mult iplet  s t ruc tu re  of the s ignal  of the 
methylene chain of the condensed oxazolidine ring is in 
a g r e e m e n t  with the data in [6] on the PMR spec t r a  of 2- 
oxazoline.  The addition of t r i f luoroace t ic  acid does not 
change the fo rm of the spec t rum;  this indicates  the ab-  
sence of an OH group.  The absorpt ion  bands at  3200- 
3600 cm -1 that  a re  c h a r a c t e r i s t i c  for the s t re tching v i b r a -  
t ions of the OH group are  absent  in the IR s p e c t r u m  of HI. 

C ~ .  C H 3 

, -  

IV 
The fact  mentioned above compel led  us to turn 

again to the p rob lem of the s t ruc tu re  of the sa l t  in o rde r  
to choose between s t r u c t u r e s  II and IV. For  this purpose  we studied the IR spec t r a  of the sa l t  and of 2 ,3,3-  
t r imethyl indoleninium chlor ide ,  which we obtained for  compar i son .  It  was found that  the absorpt ion bands 
a t  2300-2600 c m  -1 that  a re  c h a r a c t e r i s t i c  for  the NH + s t re tch ing  v ibra t ions  [7] a re  absent  in the s p e c t r u m  
of the sal t ,  while they are  quite intense in the s p e c t r u m  of t r imethyl indoleninium chlor ide .  In addition, an 
intense band at  3300 c m  -1, which can be ass igned  to the s t re tching v ibra t ions  of OH groups t ies  up in 
hydrogen bonds, is obse rved  in the s p e c t r u m  of the sa l t .  When the hydrogen of the OH group is r ep laced  
by  deu te r ium,  the absorpt ion band a t  3300 cm -1 d e c r e a s e s ,  and a band at  2450 c m  -1, which is re la ted  to OD 
s t re tching v ibra t ions ,  a p p e a r s .  Consequently,  the qua t e rna ry  sa l t  that  we obtained has s t ruc tu re  II. 

When IH r eac t s  with 5 -n i t r o -  and 3 -me thoxy-5 -n i t rosa l i cy la ldehydes ,  the oxazolidine ring opens and 
hydroxyethyl  de r iva t ives  of sp i ropyrans  (V, VI) a re  fo rmed  in good yie lds .  On the other  hand, reac t ion  of 
HI with 3-n i t rosa l icy la ldehyde  p roceeds  without c leavage of the r ing and leads to s tyrene  der iva t ives  (VII) 
in the t r ans  fo rm.  In the l a t t e r  ca se ,  subsequent  t r ans fo rma t ion  of VII to a sp i ropyran  does not occur ,  ap-  
pa ren t ly  because  of the fo rmat ion  of an in t r amolecu la r  hydrogen bond between the OH and NO 2 groups .  

~ ~  CH3 
_ _  ~ ~ C I I ~  

NO~ ~ '~ 1 . o  NO, 

V, VI VII 

V R=H;  VI R=OCH 3 

Signals at 5 1~20 and 1.30 ppm, which are  re la ted  to the two methyl  groups  of the >C(CH3) 2 grouping,  
a re  obse rved  in the P1VIR s p e c t r a  of sp i ropyrans  V and VI (the spec t rum of VI a lso  contains a s ignal  at 
3.82 ppm,  which c o r r e s p o n d s  to the OCH 3 group).  The s ignals  of the two methylene groups  have the c h a r -  
an te r i s t i e  t r ip l e t  shape with 6 3.42 and 3.74 ppm and a s p i n - s p i n  coupling constant  (J) of 6 Hz. The s ig -  
nals of the protons in the 3'  and 4'  posi t ions  at about 6 ppm (the p r ec i s e  a s s ignment  of the l ines of the AB 
s p e c t r u m  is difficult because  of the super impos i t ion  of s ignals  f r o m  the a roma t i c  protons)  have a s p i n -  
spin coupling constant  of 10.5 Hz; this a t t es t s  to the i r  cis  or ienta t ion re la t ive  to the double bond [8]. The 
in te rva ls  of change in the shif t  of the s inglet  f r o m  1.78 to 2.56 ppm at  t e m p e r a t u r e s  f r o m  +60 to -60  ~ (for 
V) and f r o m  1.84 to 2.00 ppm at  + 60 to -40  ~ (for VI) conf i rm the p r e s e n c e  of a weakly  a s soc ia t ed  OH group.  

The s p e c t r u m  of VH, like the s pec t rum of III, contains s ignals  at  1.20 and 1.48 ppm, which a re  c h a r -  
ac t e r i s t i c  for  methyl  groups ,  and a signal  at 3.7 ppm, which co r r e sponds  to the methylene groups  in the 
oxazolidine r ing .  The signal of the OH group at 11.11 ppm is p rac t i ca l l y  independent of the solution t e m -  
pe ra tu re  (up to 60 ~ and concent ra t ion .  This  indicates  the p r e sence  of a s t ruc tu re  with an i n t r amolecu l a r  
hydrogen bond. S imi la r  conclusions are  drawn in [9] on the bas i s  of the PMR spec t r a l  data  for o - n i t r o -  
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Fig.  2. Absorption spec t ra  in pyridine 
(l l c m ) :  1) V , c  5 . 0 6 . 1 0  -~ M ( f r e s h l y  
p repared  solution); 2) V, c 5.0 �9 10 -5 M 
(solution s tored for  24 h); 3) VII, c 
5.06 �9 10 -5 M; 4) VI, c 5.01 - 10 -5 M 
(freshly p repared  solution) ; 5) VI, c 
5.01 �9 10 -5 M (after i r radia t ion for  30 
sec with 303-313 nm light); 6) VI, c 
5.02 �9 10 -5 M (solution s tored for 24 h). 

phenols.  The planar  s t ruc ture  of the H-chelate ring is ap-  
parent ly  a large s te r ic  hindrance to the existence of the cis 
form,  and VII is therefore  found in the t rans  form.  The s ig-  
nals of the H a and Hfl protons of the t rans fo rm are si tuated 
at 6.42 and about 725  ppm with J = 16 Hz. 

The s t re tching vibrat ions of the hydroxyl group in the 
IR spec t rum of sp i ropyran  V, suspended in minera l  oil, ap- 
pear  at 3400 cm -I as a broad absorption band, which is c h a r -  
ac ter i s t ic  for  OH groups tied up in in termolecular  hydrogen 
bonds. When this substance is dissolved in benzene, the hydro-  
gen bonds are  rt~ptured, and the band of a free hydroxyl group 
appears  at 3600 cm -1 in place of the band at 3400 cm -1. The 
absorption band of s t re tching vibrations of the OH group is 
found at 3220 cm -1 in the IR spec t rum of VII (in minera l  oil). 
Its position and intensity do not change in the spec t rum of a 
benzene solution of the compound. The OH group in this case 
apparent ly has different cha rac t e r  (phenolic hydroxyl group) 
than in sp i ropyran  V (alcoholic hydroxyl  group). 

The merocyanine forms of sp i ropyrans  V and VI are in- 
tensely colored crysta l l ine  substances that are l ight - insens i -  
tive [sic]. In both polar  and nonpolar solvents they form 
colored solutions that gradual ly  become decolor ized under the 
influence of visible light or in the dark.  An exception to this 

is a solution of VI in alcohol, in which the equil ibrium is shifted markedly  to favor the colored form.  The 
rate of dark decolor izat ion of colored solutions of VI in other solvents (acetone, dioxane, and chloroform) 
is less  than the ra te  of decolor izat ion of cor responding  solutions of V. The co lo r l ess  solutions become 
colored on i r radiat ion with UV light (a new absorption band in the visible region with ~ max 545 nm ap-  
pears  in the spec t rum of an alcohol solution of V). 

In con t ra s t  to V and VI, VII is not photochromic in solution in hexane, benzene,  and e ther  (solutions 
in these solvents are yellow). We were able to observe the photochromism of VII only in alcohol solution 
at -20 to -30  ~ . The mechanism of this p rocess  seems to be as follows. When the compound is dissolved 
in alcohol, the oxazolidine ring is cleaved, and the co lored  merocyanine fo rm is generated (a solution of 
VII in alcohol is violet).  At low tempera tu res  this form is converted,  under the influence of visible light, 
to the corresponding photochromic sp i ropyran ,  which can be conver ted to the co lored  form under  the in- 
fluence of UV light or by heating. 

VII  _ " m - -  

~ / , ~ - ~  ~," NO 2 h v~ ~-~'1" 
I 

HOCH2CH 2 HOCH2CH 2 
NO 2 

A di rec t  conf i rmat ion of this assumption is offered by the following exper iment .  If an alcohol solu-  
tion of VII is evaporated and the res idual  l i l ac -co lo red  substance is dissolved in ether ,  one obtains a blue 
solution that retains its photochromic proper t ies  for  three to four decolor iza t ion-color ing  cyc les .  The 
solution becomes  yellow after  loss of its photochromic proper t ies .  In the case descr ibed,  the m e r o c y a n -  
ine form is gradual ly  i somer ized  to nonphotochromic compound VII. The fact  that yellow oxazolidine fo rm 
VII is produced during synthesis  in alcohol solutions is apparent ly associa ted with the fact  that this form 
in solution is in equil ibrium with the merocyanine form but precipi ta tes  because of its lower solubility in 
alcohol.  

To synthesize the methacryloxyethyl  der ivat ives  we t reated V-VII with methacry ly l  chloride in 
pyridine.  The acylation of V was also ca r r i ed  out in acetone in the presence  of sodium bicarbonate .  In 
the acylation of V and VII in pyridine we obtained, as expected, the corresponding der ivat ives  of sp i ro -  
pyran (VIII) and (hydroxystyryl)oxazolidino-indoline (IX). 
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T r e a t m e n t  of sp i ropyran  VI under  s i m i l a r  conditions gave (according to PMIR and IR spect roscopy)  
a mix ture  of approx imate ly  equal  amounts of sp i ropyran  and (hydroxystyryl)oxazolidinoindoline der iva t ives ;  
we were  unable to separa te  this mix ture .  Acylation of V in acetone gives  only X In low yield (17~ and 
p r i m a r i l y  unchanged V is r e c o v e r e d .  

To c la r i fy  the above-noted  pecu l ia r i t i es  in the acylat ion,  we studied the e lec t ron ic  s p e c t r a  of V-VII  
in pyridine,  acetone,  and acetone sa tu ra ted  with hydrogen chlor ide .  As seen  f rom Fig. 2, an absorpt ion 
band at  about 475 nm is p r e s en t  in the absorpt ion s p e c t r u m  of a pyridine solution of VII, which contains an 
oxazolidine ring; this band is absent  in the spec t rum of a hexane solut ion.  The appearance  of an a b s o r p -  
tion band at 475 nm can be explained by the format ion  of a complex  of the p y r i d i n e - p h e n o l t y p e .  The spec-  
t r u m  of VI contains two bands at 370 and 475 nm.  The f i r s t  band is r e l a t ed  to the fo rm with a sp i ropyran  
s t ruc tu re ,  while the p resence  of the second band a t tes t s  to the format ion  in solution of a complex of the 
oxazolidine fo rm with pyr id ine .  This f o r m  is p rac t i ca l ly  absent  in the pyridine solution of V. When so lu-  
tions of V and VI are  s to red  in the dark ,  an inc rease  in the absorpt ion band at 455-475 nm is obse rved  in 
24 h or  when they are  i r r ad ia t ed  with UV light. This indicates  the buildup in solution of the fo rm with the 
oxazolidine r ing .  The development  of a complex of the p y r i d i n e - p h e n o l  type is undoubtedly the pr incipal  
r ea son  for  the format ion  of compounds that  contain an oxazolidine r ing.  Thus the in te rconvers ions  of the 
var ious  f o r m s  in pyridine solutions of V and VI can be re f lec ted  by means  of the following scheme:  

by,, k,T pyridine 
A~ ~ B .... >C,  

k2T, hv~ 

where A is the s ta r t ing  f o r m  with a sp i ropyran  s t ruc tu re ,  B is the co lored  merocyanine  fo rm,  and C is the 
f o r m  with an oxazolidine r ing .  The concentra t ions  of f o r m s  A and C are  de te rmined  by the ra t io  of the 
ra te  constants  of the e l e m e n t a r y  reac t ions  r e p r e s e n t e d  by the scheme .  As has  a l ready  been noted above, 
the introduction of an OCH 3 group into the 8' posi t ion leads to a dec r ea se  in the ra te  of dark  deco lo r i za -  
tion of the solut ions .  This may  apparent ly  explain the fact  that  the ra te  of buildup of the fo rm with the 
oxazolidine ring in the cast, of VI is substant ia l ly  g r e a t e r  than ra te  of buildup of the analogous fo rm in the 
case  of V.  In the acylat ion of V, f o r m  C is p rac t i ca l ly  absent ,  and the only reac t ion  product  is sp i ropyran  
VIII .  However ,  in the acylat ion of V, a react ion  product  containing (according to the IR spect ra)  about 90~c 
of VIII  and about 10~c of X was obtained 24 h a f t e r  dissolving the compound in pyr id ine .  

The absorpt ion s p e c t r a  of solutions of V and VII in acetone sa tu ra ted  with hydrogen chloride (Fig. 3) 
have an absorpt ion band at 420 nm, which co r r e sponds  to sa l t  XI. This fact  is evidence that  both the s p i r o -  
pyran  and oxazolidine r ings  a re  opened in acid media .  Thus it can be a s sumed  that  acylat ion of V in 
acetone p roceeds  via the following scheme:  

CH 3 ~ - ~  02 ~ N02-I 
! c.~ c ~ ! 

HCl RCOCl 
" -H C'~" X 

HOCHgCH2 [ HOCH2CH 2 J 
XI 

It  is not at  all  c l e a r  to us why acylat ion will lead only t~ phenol de r iva t ives  under  these condit ions.  
However ,  it is impor tan t  to note that  the r e su l t  is a ssoc ia ted  with the p r e sence  of f ree  hydrogen chlor ide  
in the reac t ion  mix tu re .  Sodium bicarbonate  is apparent ly  a l e s s  effect ive r eagen t  that  t ies  up the hydro -  
gen ch lor ide .  This conclusion is conf i rmed  by the fact  that  a product  containing about 66~c VIII and about 
34% X (according to the IR spect ra)  is fo rmed  in the acylat ion of V in the p re sence  of one mole of t r i e thy l -  
amine ,  when the reac t ion  p roceeds  under  homogeneous condit ions.  It should be pointed out that  the c o r r e -  
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Fig. 3. Absorption spec t ra  in acetone 
(l l c m ) :  1) V , c  6.9 "10 -~ M;2)  VII, 
c 6.9 �9 10 -5 M; 3) VII, c 2.76 - 10 -5 M 
(solution sa turated with HC1); 4) V, c 
2.3 �9 10 -~ M (solution sa tura ted  with 
HC1). 
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Fig. 4. IR spec t ra :  1) V (in minera l  
oil); 2) VIII (in CC14); 3) VII (in min-  
e r a l  oil); 4) IX (in CC14) ; 5) product  
of acylation of VI. 

sponding o-ace toxyary lv inylpyry l ium sal ts  [10] are  formed in 
the acylation of sp i ropyrans  with acetic anhydride in the p r e s -  
ence of perch lor ic  acid.  

The s t ruc ture  of acyl der ivat ives  VIII-X was conf i rmed 
by the spec t ra l  data. The PMR spec t rum of VIII (Fig. 1), like 
the spec t ra  of V and VI, contains signals at 6 1.18 and 1.30 
ppm, which are  cha rac te r i s t i c  for gem-methy l  groups,  and t r ip -  
lets at  3.51 and 4.34 ppm, which cor respond  to methylene groups.  
The presence  of a methacry ly l  group is conf i rmed by the p r e s -  
ence of methyl proton signals (1.92 ppm) and protons of a t e r m -  
inal = C H  2 group (5.57 and 6.10 ppm). The cis configuration of 
the 3 ' -H  and 4 ' -H  protons relat ive to the double bond is con-  
f i rmed  by the J constant  (10.5 Hz). 

As in the spec t ra  of III and VII, two signals f rom the p ro -  
tons of gem-methy l  groups at 1.16 and 1.42 ppm and signals at 
3.61 ppm, which are cha rac te r i s t i c  for the oxazolidine ring, are 
observed in the PMR spec t rum of X (Fig. 1). The t rans  con-  
figuration of the 3 ' -H  and 4 ' -H  protons relat ive to the double 
bond is conf i rmed by the J constant  (16 Hz). The signals at 
2.07 ppm are re la ted to the methyl protons,  while the signals 
at 5.85 and 6.43 ppm are re la ted to the protons attached to the 
double bond of the methacryly l  group.  

The IlL spec t ra  of acyl der ivat ives  VIII and IX are p r e -  
sented in Fig.  4. The band at 1730 cm -1 should be assigned to 
the s t re tching vibrat ions of the carbonyl  group in the f i r s t  case,  
while the band at 1760 cm -~ should be assigned to the carbonyl  
s t re tching vibrat ions in the second case .  Thus there is a poss i -  
bility for the analysis  of the relat ive percentage of these sub-  
s tances by IR spec t roscopy  if a mixture of them is formed in 
the react ion.  The spec t rum of this so r t  of product  of the r e a c -  
tion of sp i ropyran  VI with methacry ly l  chloride is presented in 
Fig. 4. It is also interest ing to note that the absorption bands 
in the region charac te r i s t i c  for the vibrations of the benzene 
ring (1500-1600 cm -1) undergo a marked  change in intensity on 
acylation of VII; the absorption band at 1600 cm -1, which is 
usually the most  intense band in this region when conjugation is 
p resen t  [11], dec reases  considerably .  This is not observed in 
the acylation of V - the rat io of the intensities of the absorption 
bands at 1500-1600 cm -1 remains  unchanged. 

Acylsp i ropyran  VIII is a white substance that is nonphoto- 
chromic  in the crys ta l l ine  state.  Solutions of VIII in benzene, 

ethyl acetate,  e ther ,  and other solvents have c lea r ly  expressed  photochromic and dark p roper t i es .  When 
solutions of VIII in toluene are i r radia ted  with UV light, they become blue (an absorption band with A max 
600 nm appears) .  The co lor  d isappears  rapidly after the action of the light is ceased because of dark 
eycliz ation. 

The copolymeriza t ion of VIII with methyl methacryla te  and the proper t ies  of the photochromic poly-  
mer  will be descr ibed in the next paper  of this s e r i e s .  

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

The PMR spec t ra  were measured  with an RC-60 spec t rome te r .  Carboy te t rachlor ide  (III) and 
deuterochloroform (V-VIII, X) were used as the solvents .  Solutions of V and VI were allowed to stand in 
light at room tempera ture  for about 1 h to decolor ize  them pr io r  to recording of the spec t ra .  The chem-  
ical shifts were measured  on the 5 scale relat ive to te t ramethyls i lane  as the internal s tandard;  the accu-  
r a c y  in the measu remen t  of the shifts was :e 0.05 ppm, while the accu racy  in the measu remen t  of the s p i n -  
spin coupling constants  was • 0 2 Hz. The IR spec t ra  were recorded  with a UR-10 spec t romete r .  The UV 
spec t ra  were r ecorded  with a Unicam SP-700 spec t rophotometer .  
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3a,4 ,4-Tr imethyloxazol id ino[3,2-a] indol ine  (III). A mixture  of 1 g (6.3 mmole)  of 2 ,3 ,3 - t r ime thy l -  
indolenine (I) and 1 A g (8.1 mmole)  of ethylene iodohydrin was heated  a t  95-100 ~ for  3 h. The resul t ing  
solid was washed s e v e r a l  t imes  with benzene and dr ied  in a vacuum des i cca to r  to give 2.08 g (100%) of 1- 
( f l -hydroxyethyl ) -2 ,3 ,3- t r imethyl indolenin tum iodide (ID as white c r y s t a l s  with mp 162-163 ~ ( f rom alcohol).  
Found,%: C 47.5; H 5.4; I 38.6; N 4.7. C13H18INO. Calculated,%: C 47.1; H 5.4; I 38.3; N 4.2. 

A 2-g (6.3 mmole)  sample  of II was dissolved in 60 ml of wate r ,  and the solution was f i l te red  and 
t rea ted  with 0.6 g (5.6 mmole)  of anhydrous sodium carbonate  in 15 ml  of wa te r .  The resul t ing  emuls ion  
was ex t r ac t ed  with e the r ,  and the ex t r ac t  was dr ied  with anhydrous magnes ium sulfate .  The e the r  was 
vacuum evapora ted ,  and the res idue  was eh romatographed  with a column filled with bas ic  act ivi ty  II/III 
aluminum oxide and elution with b e n z e n e - h e x a n e  (1 : 1) to give 1.14 g (93.5%) of III with bp 137-138 ~ (20 
ram) and mp 44 ~ {from light pe t ro l eum e ther ) .  Found,%: C 76.9; H 8.4; N 7.3. C13H17NO. Calculated,~c: 
C 76.8; H 8.4; N 6.9. 

1 - ( /~-Hydroxyethyl ) -3 ,3-d imethyl -6 , -n i t rosp i ro( indol ine-2 ,2 , - [2H-1]benzopyran)  (V). A mixture  of 
2.03 g (10 mmole)  of III and 1.67 g (10 mmole)  of 5-ni t rosa l icyla ldehyde was ref luxed f o r E . 5  h in 30 ml  of 
alcohol,  a f te r  which it  was allowed to stand overnight .  The prec ip i ta te  was sepa ra t ed  and washed with 
alcohol to give 2.97 g (84.5%) of V as da rk  c h e r r y - r e d  c ry s t a l s  with mp 163-165 ~ [from b e n z e n e - h e x a n e  
(1:2)]  and R f *  0.36 (orange spot) .  UV s pe c t rum (alcohol), Amax,  nm (e):  268 (15,900), 342 (8600). 
Found,%: C 68.4; H 5.7; N 7.8. C20H20N204 . Calculated,ffc: C 68.2; H 5.7; N 8.0. 

1-(~ -Hydroxye thyl)-3,3-dimethyl-6'-nitro-8, -methoxyspiro (indoline-2,2 ' -  [2H-1]benzopyran) (VI). 
This compound was similarly obtained from 2.1 g (10.4 mmole) of Ill and 2.05 g (10.5 mmole) of 3-meth- 
oxy-5-nitrosalicylaldehyde in 50 ml of alcohol. The yield of dark-green crystals with a metallic luster 
and mp 205-206 ~ ( f rom alcohol) was 3.4 g (86%). UV spec t rum (methanol),  ~ m a x ,  (D): 285 (0.388), 373 
(0.541), 550 (0A9), c 3.82 �9 10 -5 M, l 1 c m .  Found,Z: C 66.2; H 6.1; N 7.6. C21H22N2Os. Calcula ted ,~:  
C 66.0; H 5.8; N 7.3. 

4 ,4 -Dimethy l -3a- (2-hydroxy-3-n i t ros ty ry l )oxazo l id ino[3 ,2-a ] indol ine  (VII). This compound was 
s i m i l a r l y  obtained f rom 2.18 g (10.7 mmole)  of III and 1.77 g {10.7 mmole)  of 3 -n i t rosa l icy la ldehyde  in 32 
ml  of alcohol.  The yield of yellow c r y s t a l s  with mp 169-169.5 ~ [from b e n z e n e - h e x a n e  (1 : 6)] was 3.38 g 
(89.5%). UV spec t rum,  hmax,  nm (~): 240 (28,200), 370 (3900) (hexane); 240, 350,435,  550 (alcohol). 
Found,%: C 68.4; H 5.6; N 7.6. C20H20N20 4. Calculated,W: C 68.2; H 5.7; N 7.6. 

1-  {~ -Me thac ry loxye thy l ) -3 ,3 -d ime thy l -6 , -n i t ro sp i ro ( indo l ine -2 ,2 ' -  [2H-1 ]benzopyran) (VIII). A 7-g 
(67 mmole)  sample  of me thac ry ly l  chlor ide was added dropwise  with v igorous  s t i r r ing  in the cour se  of an 
hour to a cooled (to 3-4 ~ f r e s h l y  p r e p a r e d  solution of 1.89 g (5.4 mmole)  of V in 30 ml of d ry  pyr id ine ,  
during which the intense rose  color  gradual ly  d i sappeared  and a prec ip i ta te  appeared .  S t i r r ing  was con-  
tinued for  another  3 h at 15-18 ~ a f t e r  which the mixture  was cooled with ice and t rea ted  ca re fu l ly  with 20 
ml of cold wa te r .  The mix ture  was poured into 0.5 kg of ground ice,  and the p rec ip i ta te  was r emoved  by 
f i l t ra t ion,  "dried in a vacuum des i cca to r ,  and dissolved in benzene.  The benzene solution was c h r o m a t o -  
graphed with a column fil led with hydra ted  s i l ic ic  acid in benzene.  The yield of white c r y s t a l s  of VIII with 
mp 111-112" [from b e n z e n e - h e x a n e  (1:10)]  was 1.35 g (60~c); the substance became  blue at  105 ~ and the 
mel t  was blue; Rf  0.95 (orange spot) .  UV spec t rum (ethyl acetate) ,  )~ max,  nm (~): 269 (16,000), 335 
(9500). Found,W: C 68.5; H 5.6; N 6.6. C24H24N20 5. Calcula ted ,Z:  C 68.6; H 5.7; N 6.7. 

4 ,4 -Dimethy l -3a - (2 -methacry loxy-3-n i t ros ty ry l )oxazo l id ino[3 ,2 -a ] indo l ine  (IX). This compound was 
obtained as in the case  of VIII f rom 0.95 g (2.7 mmole)  of VII and 3.5 g (33 mmole)  of me thac ry ly l  chloride 
in 15 ml  of pyr id ine .  After  ch roma tog raphy  (which gave a l ight-brown oily substance):  the reac t ion  p rod -  
uct was t r i tu ra ted  with 10 ml  of alcohol,  and the solid was sepa ra ted  and washed with 3-4 ml of cold a l co -  
hol to give 0.49 g (43.5%) of beige c r y s t a l s  of IX with mp 115-116 ~ (from alcohol) .  Found,~:  C 68.7; H 5.6; 
N 6.3. C24H24N2Os. Calculated,W: C 68.6; H 5.7; N 6.7. 

4,4-Dimethyl-3a-(2-methac ryloxy-5-nitrostyryl) oxazolidino- [3,2-a ]indoline (X). A 1.06-g (3 mmole) 
sample of V was dissolved in 30 ml of absolute acetone and 0.28 g (3.3 mmole) of sodium bicarbonate was 
added; 0.35 g (3.3 mmole) of methacrylyl chloride in 3.5 ml of absolute acetone was then added dropwise 
with stirring at 10 ~ in the course of 25 min. The mixture was then refluxed for 15 min, after which 100 
ml of water, 50 ml of acetone, and sodium bicarbonate (to pH 7) were added, and themixture was extracted 

*The Rf  values  were  obtained with pla tes  of the Silufol UV254 type with b e n z e n e - e t h e r  (7 :3) .  The spots 
were  cb lored  by i r rad ia t ion  with UV light. 
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with e ther .  The ether  was evaporated, and the residue was chromatographed with a column filled with 
hydrated silicic acid in benzene. The solvent was vacuum evaporated, and the dark-yellow oily residue 
was tr i turated with a small amount of alcohol. The solid was separated and washed with cold alcohol to 
give 0~21 g (17~c) of yellow crystals  of X with mp 138-138.5 ~ (from alcohol) and Rf  0.74 (yellow spot). UV 
spectrum (alcohol), ~ n ~ x  235 nm (~ 21,300). Found,~c: C 68.6; H 5.8; N 6.6. C24H2r Calculated,~c: 
C 68.6; H 5.7; N 6.7. 
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