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Spiropyrans of the phenanthridine and indoline series containing phenylazo or benzoyl groups 
as substituents in the chromene ring were synthesized. These substituents facilitate the 
formation of deeply colored merocyanine forms in polar solvents. The presence of a phen- 
ylazo group causes the intense color of the cyclic forms of the spiropyranso 

The spiropyrans described in the literature are colorless in the cyclic form and display photochromic 
properties only on irradiation with UV light. It has been shown that intramolecular transfer of energy be- 
tween mutually perpendicular portions of the spiropyran molecule is possible [i]. In addition, it is known 
that although opening of the pyran ring occurs in the singlet excited state during direct excitation [2], photo- 
coloration can be sensitized by triplet energy donors, for example benzophenone [3] and acetephenone, and 
its derivatives [4]~ On the basis of these facts, an investigation of the properties of spiropyrans containing 
ehromophore groupings as substituents seems of interest. 

In the present paper we report the synthesis of spiropyrans of the phenanthridine and indoline series 
(I-VIII) containing a phenylazo group in the 6' position as an additional chromophore. 

~ CH3 CH 3 CH3 

l - IV V--VIII 

CHO 
/ 

H O - . ~  I. lll, V, VII, IX, XI X=H; 

v ~ N = N - - C G H : X ' P  I1, IV, VI, VIII, X, XII X = NO:~; 
I, II, V, VI, IX, X Y = H; 

tX-XII III, IV, VII, VIII, XI, Xll Y=OCH 3 

Phenylazosal ieylaldehydes IX-XII, obtained by azo coupling of salicylaldehyde and its 3-methoxy 
derivative with benzene- and p-ni t robenzenediazonium salts,  were used as the start ing compounds for the 
synthesis of sp i ropyrans  containing a phenylazo group. Bands charac ter i s t ic  for azo compounds are  p r e s -  
ent in the e lectronic  absorption spec t ra  of aldehydes IX-XII: an intense band of a 7r~rr* transit ion at 
,~ 335 nm, which is shifted bathochromical ly  under the influence of NO z and OCH 3 groups,  and a re la t ively 
low-intensi ty band of an n - r *  transit ion at N 435 nm, which is manifested as a shoulder on the more  in- 
tense band in the case of X-XII~ 

The phenylazosal icyla!dehydes reac ted  readi ly  in alcohol solution with 5,6-dimethylphenanthridinium 
methosulfate (in the presence  of piperidine) and 1,3,3- t r imethyl-2-methyleneindol ine,  and yellow or orange 
crystal l ine sp i ropyrans  I-VIII  were obtained in good yields. Their solutions in dioxane have the intense 
yellow color  charac te r i s t i c  for a romat ic  azo compounds {Fig. 1). The absorption maxima of the long- 
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T A B L E  1. A b s o r p t i o n  S p e c t r a  of  S p i r o p y r a n s  I -VI I I ,  XIII  

COi l3  - 

pound 

I 

II 

Ill 

IV 

V 

VI 

VII 

VIII 

XIII 

~max, nm(Ig8 or lge') 

in dioxane I in alcohol 

245, 266, 345, 367 
(4,62; 4,39; 4,31; 4,33) 
237; 270*; 293*; 342*; 405 
(4,57; 4,36; 4,20; 4,17; 4,40) 
242, 260", 385 
(4,61; 4,47; 4,36) 
268, 420 
(4,47; 4,37) 
247. 285, 360 
(4,22; 4,38; 4,10) 
242, 295, 4OO 
(4,34; 4,20; 4,29) 
248, 285, 380 
{4,33; 4,36; 4,17) 
245,285, 412 
(4,22; 4,51; 4,22 
247, 267*, 317 
(4,66; 4,56; 4,15 

240, 267", 295", 365, 565 
(4,25; 4,04; 3,88; 4,06; 2,83) 
242, 340, 397, 530--550* 
(4,35; 3,95; 4,09; 3,66) 
245, 265*, 390, 450*, 610 
{4,60; 4,53; 4,35; 4,11; 3,85) 
250, 265*, 320, 400. 510, 590 
(4,25; 4.20; 3,84; 3,84; 4,06; 4,07) 
245, 282, 358 
(4,10; 4,28; 4,14) 
243, 282, 400 
(4,20; 4,43; 4,26) 
242, 290, 380, 610 
(4,31; 4,14; 4,21; 3,62) 
242", 282, 415, 625 
(3,95; 4~14; 3,92; 3,09) 
245, 260", 320, 515 
(4,18; 4,12; 3,75; 2.85) 

* Shou lde r .  
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A b s o r p t i o n  s p e c t r a  of  s p i r o p y r a n s  
in d ioxane :  1) V; 2) I; 3) VII:l; 4) IV. 

c h r o m e n e  r i n g  and s u b s t i t u e n t s  in t h e  8 '  p o s i t i o n  s t a -  
b i l i z e  the  m e r o c y a n i n e  f o r m s  [5]. The  f o r m a t i o n  of the  

l a t t e r  i s  a l s o  f a c i l i t a t e d  in p r o t o n - d o n o r  p o l a r  s o l v e n t s .  T h e s e  m e r o c y a n i n e  f o r m s ,  be ing  h igh ly  p o l a r ,  
u s u a l l y  have  s t r o n g  n e g a t i v e  s o l v a t o c h r o m i s m ,  i . e . ,  they  a r e  m o r e  h igh ly  c o l o r e d  in a l c oho l  so lu t ions  than  
in s o l v e n t s  of  low p o l a r i t y .  A p e c u l i a r i t y  of  the  p h e n y l a z o s p i r a n s  d e s c r i b e d  h e r e  i s  the  deep  c o l o r  of the  
a l coho l  so lu t i ons ,  a f e a t u r e  tha t  i s  u s u a l l y  c h a r a c t e r i s t i c  for  s o l v e n t s  of low p o l a r i t y .  The r e a s o n  fo r  th i s  
cannot  be the  change  in the  c h a r a c t e r  of the  s o l v a t o c h r o m i s m ,  s i n c e  the  add i t i on  of  benzene  o r  d ioxane  to 
a l coho l  s o l u t i o n s  of  the  p h e n y l a z o s p i r a n s  c a u s e s  a f u r t h e r  deepen ing  of  the  c o l o r .  D e e p e n i n g  of the c o l o r  
i s  a l s o  o b s e r v e d  when the a l coho l  so lu t i ons  a r e  he a t e d .  The deep  c o l o r  of a l c oho l  so lu t i ons  of the  p h e n y l -  
a z o s p i r a n s  i s  a p p a r e n t l y  a s s o c i a t e d  with  the sh i f t  of  the e q u i l i b r i u m  of  the s t e r e o i s o m e r i c  m e r o c y a n i n e  
f o r m s  to f a v o r  the m o s t  d e e p l y  c o l o r e d  t r a n s  f o r m .  The r e a s o n  for  th i s  m a y  be the g r e a t e r - t h a n - u s u a l  
d i f f e r e n c e  in the  e n e r g i e s  of the  s t e r e o i s o m e r i c  f o r m s  b e c a u s e  of  the  c o n s i d e r a b l e  s i z e  of  the  f r a g m e n t s  
a t t a c h e d  to the  c e n t r a l  bond.  

wave  band of I -VI I I  a r e  sh i f t ed  b a t h o c h r o m i c a l l y  by 
30-40 nm r e l a t i v e  to the a b s o r p t i o n  m a x i m a  of  the  

c o r r e s p o n d i n g  a l d e h y d e s .  

When I - IV ,  VII,  and  VIII  a r e  d i s s o l v e d  in a l coho l  
or  a r e  hea t ed ,  the c o l o r  d e e p e n s  s h a r p l y  ( ) 'max 560-  
620 nm); th i s  i s  due to  open ing  of the p y r a n  r i n g  and e s -  
t a b l i s h m e n t  of  e q u i l i b r i u m  be tween  the c y c l i c  and m e r o -  
cyan ine  f o r m s  (F ig .  2). Th is  e q u i l i b r i u m  i s  a p p a r e n t l y  
e s t a b l i s h e d  qu i te  r a p i d l y ,  s i n c e  the s p e c t r a  of a l coho l  
so lu t i ons  d id  not  change  on s t o r a g e  in the  dark~ The p o -  
s i t i on  of  the e q u i l i b r i u m  in t h e s e  s y s t e m s ,  which  m a y  
s i m u l t a n e o u s l y  con ta in  s e v e r a l  s t e r e o i s o m e r i e  m e r o -  
cyan ine  f o r m s ,  i s  qu i t e  d i f f i cu l t  to e s t i m a t e .  Howeve r ,  
t ak ing  into  a c c oun t  the  high a b s o r p t i o n  i n t e n s i t y  n e a r  
600 nm, one can  a s s u m e  a c o n s i d e r a b l e  sh i f t  of the e q u i -  
l i b r i u m  to f a v o r  the  open f o r m s ,  e s p e c i a l l y  fo r  p h e n a n -  
t h r i d i n e  d e r i v a t i v e s .  The " a p p a r e n t  m o l a r  e x t i n c t i o n s "  
(e ' )  for  a l c oho l  so lu t i ons ,  which  w e r e  o b t a i n e d  by r e -  
f e r r i n g  the e x p e r i m e n t a l  op t i c a l  d e n s i t i e s  to the  o v e r a l l  
c o n c e n t r a t i o n  of the compounds ,  a r e  p r e s e n t e d  in Tab le  i .  

The e a s e  of opening  of the  p y r a n  r i n g  in the  p r e s -  
ence  of a p h e n y l a z o  g roup ,  which  h a s  a c c e p t o r  c h a r a c t e r  
(O-p 0.64), i s  not  u n e x p e c t e d ,  p a r t i c u l a r l y  in  a l c oho l  s o -  
lu t ions .  I t  i s  known tha t  a c c e p t o r  s u b s t i t u e n t s  in the 
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Fig. 2. Absorption spectra of spiropyrans in alcohol: 
1) v ;  2) I; 3) vi i i ;  4) IV. 

In addition to the synthesis  of the phenylazospirans,  we also obtained XIII, which contains a benzoyl 
group in the 6 T position. 

OH OH 
t/C H2 CI =- ~ C H O  

COC~Hfi COC6Hs 

~ ' ~  CH 3 

N 

c o c 6 e  s 

XIV X.V X l l l  

The 5-benzoylsal icylaldehyde (XV) necessa ry  for this synthesis was obtained in good yield, in con- 
Wast to the patent r epo r t  [6], by chloromethylation of p-hydroxybenzophenone with subsequent oxidation of 
XIV with urotropin.  It should be noted that 3,5-di(chloromethyl)-4-hydroxybenzophenone is readi ly formed 
when the chloromethylat ion of p-hydroxybenzophenone is ca r r i ed  out under somewhat more  severe  condi- 
tions than those used in the preparat ion of XIV. 

Compound XIII was isolated as color less  c rys ta ls .  A solution of it in dioxane is color less ,  but a so-  
lution in alcohol has an absorption maximttm at 515 nm (log e '  2.85) but is less intensely colored than so-  
lutions of the phenylazospirans.  The lower intensity of the color of XIII is in agreement  with the weaker 
acceptor  effect  of the benzoyt group (ap 0.46) as compared with the phenylazo group and, to a grea ter  ex-  
tent, the p-ni t rophenylazo group. 

The photochemical  proper t ies  of I-XIII will be repor ted  later.  

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

The UV spect ra  of solutions in dioxane, alcohol, and chloroform (c 10-5-10 -t  M, 1 -10-cm cuvette) 
were recorded  with an SF-8 spectrophotometer .  The IR spectra  of KBr pellets of the compounds were r e -  
corded with an IKS-22 spec t rometer .  Only the mos t  charac te r i s t i c  strong* and modera te - in tens i ty  bands 
at 970-1700 em -t  are  indicated for the IR spectra .  

5-(Phenylazo)sal ieylaldehyde (IX). A 100-ml portion of a solution containing 0.1 mole of benzene- 
diazonium chloride and 0.1 mole of HC1 was added to a solution of 12.2 g (0.1 mole) of salicylaldehyde in 
100 ml of 4 M KOH in the course  of 30 rain. The brown precipi tate  (18 g) was removed by filtration, washed 
with a small  amount of water,  and dissolved in 100 ml of 0.1 M h o g  by heating; the solution was filtered, 
and the f i l t rate was t reated with charcoal  and acidified to pH 5 with acetic acid. The yellow precipitate of 
IX was removed  by fil tration and crys ta l l ized  twice f rom aleohol (1 : 50) to give 7.3 g (33%) of IX as light- 

* The most  intense bands are  underlined; the broad component bands (br) are  also noted. 
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yellow c ry s t a l s  with mp 127-129 ~ [7]. UV spec t rum,  Xmax, nm (log e), in chloroform:  264 (4.01), 335 (4.38), 
435 (2.97); in 0.1 M NaOH in alcohol: 242 (3.96), 390 (4.36). IR spec t rum:  1670, 1480, 1380, 1290, 1160 
(br) cm -1. 

5- (p-Ni t rophenylazo)sa l icyla ldehyde (X). This compound was s imi l a r ly  obtained. P r i o r  to separa t ion 
of the prec ip i ta te ,  the reac t ion  m a s s  was acidified to pH 3-4 with acet ic  acid.  The resu l t ing  yellow p r e c i p -  
i tate was c rys t a l l i zed  f rom benzene (1:30) and toluene (1: 10) to give X in 80% yield as orange c ry s t a l s  
with mp 189-192 ~ [8]. UV spec t rum,  kmax,  nm (log ~), in ch loroform:  272 (4.07), 360 (4.45), 445 (3.18)*; 
in 0.1 M NaOII in alcohol: 245 (4.48), 275 (4.18),* 416 (4.34),* 470 (4.52). IR spec t rum:  1665, 1525, 1480, 
1345, 1290, 1175, 1100 cm - i .  The product  was only slightly soluble in boiling alcohol (1 : 370). 

3-1Viethoxy-5-(phenylazo)salicylaldehyde (XI). A total of 30 mt  of a solution containing 0.05 mole  of 
benzenediazonium chloride and 0.05 mole  of HC1 was added at 35-40 ~ to a solution of 7.6 g (0.05 mole) of 
3 -methoxysa l icy la ldehyde  and 72 g (1.8 mole) of NaOtt in 800 ml  of water ,  and the mix tu re  was s t i r r e d  for 
1.5 h. It  was then diluted with 800 ml  of water ,  cooled, and acidified to pH 4 with acet ic  acid. It  was then 
f i l te red  to give 7.5 g of XI. Crys ta l l iza t ion  f rom alcohol (1: 50) gave 6.8 g (53%) of XI with mp 148-150 ~ 
[9]. UV spec t rum,  kmax,  nm (log e), in ch loroform:  275 (4.11), 345 (4.18), 440 (3.03)*; in 0.1 M NaOK in 
alcohol: 255 (3.90), 270 (3.86),* 405 (4.31). IR spec t rum:  1645 (br), 1465 (br), 1395, 1320, 1285, 1270 (br), 
1120, 965 cm -1. 

3 -Methoxy-5- (p-n i t rophenylazo)sa l icy la ldehyde  (XII). This compound was s i m i l a r l y  obtained in 54% 
yield as o r a n g e - r e d  Crys ta ls  with mp 224 ~ [ f rom toluene (1 : 50)]. I t  was only slightly soluble in boiling a l -  
cohol (1: 500). UV spec t rum,  kmax,  nm (log e), in ch loroform:  275 (4.36), 310 (4.21), 390 (4.51), 450* 
(over laps  the p reced ing  band); in 0.1 M NaOH in alcohol: 245 (4.01),* 265 (4.08), 410 (4.06),* 495 (4.44). 
IR  spec t rum:  1650, 1515, 1460 (br), 1390, 1340, 1270 (br), 1125 cm -1. Found: C 56.2; H 3.9; N 14.2%. 
C14HilN3Os. Calculated: C 55.8; H 3.6; N 14.0%. 

5 -Methy l -6 ' - (phenylazo)sp i ro (5 ,6 -d ihydrophenan thr id ine-6 ,2 ' - [2H]-chromene)  (I). A 0.96-g (3 mmole)  
sample  of 5 ,6-dimethylphenanthr idinium methosulfa te  (XVI) and 0.68 g (3 mmole)  of IX were  dissolved in 
70 ml  of refluxing alcohol,  and 1.8 ml  (18 mmole)  of piperidine was added. The solution became da rk -  
brown, and a yellow prec ip i ta te  fo rmed  in a few minutes .  The mix tu re  was ref luxed for  30 rain, cooled, 
and f i l tered.  The solid was washed with alcohol to give 1.1 g (85%) of I. Two c rys ta l l i za t ions  f rom ben- 
zene (1 : 20) gave I as s t rongly e lec t r i f ied  yel low plates  with mp 220 ~ (darkened f rom 217~ The product  
was insoluble in water ,  soluble in ch loroform,  e ther ,  and dioxane, and slightly soluble in alcohol in the 
cold. The g reen i sh -ye l low color  deepened to green  when an alcohol solution was heated, and the initial 
color  was r e s t o r e d  when the solution was cooled. IR spec t rum:  1650 (w), 1600, 1470, 1445, 1340, 1320, 
1260, 1105, 1090, 975 cm - i .  Found: C 80.8; H 5.2; N 9.8%. C28H21N30. Calculated: C 80.9; H 5.0; N 10.1%o 

5-Methyl -6 ' - (p -n i t rophenylazo)  sp i ro(5 ,6-d ihydrophenanthr id ine-6 ,2 ' - [2H]-chromene)  (II). This c o m -  
pound was s i m i l a r l y  obtained using an approx imate ly  fourfold amount of alcohol because of the lower so l -  
ubility of X. Compound II, with mp 232 ~ [darkened f rom 227~ f r o m  toluene (1 : 100)], was obtained in 80% 
yield. The product  was insoluble in pe t ro leum ether ,  only slightly soluble in e ther  and alcohol,  and less  
soluble in the r emain ing  organic solvents .  A yellow (in the cold) solution in benzyl alcohol became c r i m -  
son-co lored  on heating and r ema ined  this color  on cooling. IR spec t rum:  1650 (w), 1610, 1595, 1520, 1470, 
1440, 1430, 1405, 1345 (br), 1260, 1105, 1090, 975 cm -1. Found: C 72.8; H 4.4; N 11.9%. C28I-I20N403 . Cal-  
culated: C 73.0; H 4.3; N 12.1%. 

5-Methy•-6'-phenylaz•-8'-meth•xyspir•(5•6-dihydr•phenanthridine-6•2'-[2H]-chr•mene) (III). This 
compound was obtained in 67% yield by the method used to p r e p a r e  I. I t  was i so la ted  as  a yellow p r e c i p -  
i ta te  f rom the green react ion  m a s s .  Recrys ta l l i za t ion  (1 : 330) f rom b e n z e n e -  pe t ro leum ether  (3 : 7) gave 
a product  with mp 192o5 ~ (it turned green at  190~ The cold yellow solution in alcohol became green on 
heating and r ema ined  green af ter  cooling. A solution in ch lo ro form was l ight -green.  IR spec t rum:  1655 
(w), 1605, 1575, 1465, 1440, 1385, 1280, 1250, 1120, 1100, 980 cm -I .  Found: C 78.5; H 5.5; N 9.6%. 
C29H23N302. Calculated: C 78.2; H 5.2; N 9.4%. 

5 -Methy l -6 ' - (p -n i t ropheny laz  o)-8 ' -me thoxysp i ro (5 ,6 -d ihydrophenan thr id ine -6 ,2 ' - [2H]-chromene)  (IV). 
This compound was obtained in 81% yield by the method used to p r e p a r e  II (the heat ing t ime was 2.5 h). 
The orange product  had mp 210-212 ~ Two crys ta l l i za t ions  f rom benzene (1 : 500) gave a product  with mp 
216 ~ (darkened f rom 190~ Solutions in CCI o CHCI~, and dioxane were  yellow, while a solution in acetone 

* Here  and e l sewhere ,  the shoulders  and points of inflection a re  noted. 
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was yel low but became c r i m s o n - c o l o r e d  when water  was added. IR spec t rum:  1640 (w), 1605, 1570, 1515, 
1470, 1455, 1380, 1345, 1290, 1265, 1125, 1100 , 980 cm -1. Found: C 71.4; H 4.9; N 11.2%. C2aH22N404. 
Calculated: C 71.0; H 4.5; N 11.4%. 

1 ,3 ,3 -Tr ime thy l -6 ' - (pheny lazo ) sp i ro ( indo l ine -2 ,2 ' - ]2H-ch romene)  (V). A 0.26-g (1.5 m m o l e ) s a m -  
ple o f f r e s h l y  dis t i l led  2 -me thy lene ' l , 3 ,3 - t r i rne thy lene indo l ine  (XVII) was added to a hot solution of 0.34 g 
(1.5 mmole)  of IX in 40 ml  of alcohol.  The solution was green,  and a yellow prec ip i t a te  fo rmed  af te r  30 
rnin (refluxing).  The mix tu re  was cooled and f i l te red  to give 0.55 g (97%) of V, which had mp 180-182 ~ af -  
te r  two c rys t a l l i za t ions  f rom benzene (1 : 10). The product  was soluble (on heating) in CC14, acetone,  di-  
oxane, and pe t ro l eum ether ,  only sl ightly soluble in alcohol,  and quite soluble in ch loroform.  All of the so -  
lutions were  yellow, and only the solution in benzyl alcohol became b lue-green  on boiling. IR spec t rum:  
1660, !610, 1575, 1480, 1415, 1320, 1250, 1110, 1080, 1015, 975 cm -t .  Found: C 78.5; H 5.9; N 10.4~o. 
C~sH~aN30. Calculated: C 78.7; I-I 6.0; N 10.8%. 

1 ,3 ,3-Tr i rne thyl -6  ~-(p-nitrophenylazo) spiro(indoline-2,2 r - [2H]-chromene)  (VD. A 0.43:g (2.5 mmole )  
sample  of XVI was added to a hot solution of 0.68 g (2.5 mmole)  of X in 300 ml  of alcohol,  and the mix tu re  
was ref luxed for  5 h. I t  was then cooled and f i l te red  to give 1.04 g (98%) of an o r a n g e - r e d  prec ip i ta te  of 
VI, which was washed with alcohol.  The product  was soluble in benzene,  ch loroform,  and CCI 4 and in hot 
alcohol,  p e t r o l e u m  ether ,  and dioxane. All of the solutions were  yellow, except  that  a boiling solution in 
benzyl alcohol was ye l lowish-green .  The product  had mp 201 ~ [darkened at  198~ f rom alcohol (1 : 1000)]. 
IR spec t rum:  1660, 1610, 1575, 1520, 1480, 1460, 1340, 1280, 1260, 1105, 1020, 970 cm -i .  Found: C 70.6; 
H 5.6; N 13.0%. C25tt22N403. Calculated: C 70.4; H 5.2; N 13.1%. 

1 ,3 ,3 -Tr ime thy l -6 ' - pheny lazo -8 ' - rne thoxysp i ro ( indo l ine -2 ,2 ' - [2K] -eh romene )  (VII). This compound 
was obtained by the method used to p r epa re  V and was c rys t a l l i zed  f rom alcohol (1 : 50) to give VII with 
rnp 209-210 ~ (turned green  at  190 ~ in 70% yield. Yellow solutions in ehlorobenzene,  ch loroform,  and a I -  
cohol turned green  on refluxing.  IR spec t rum:  1660 (w), 1610, 1580, 1480, 1460, 1385, 1360, 1275 (br), 
1120, 1015, 970 em -1. Found: C 76.2; H 6.5; N 9.9%~ C26H25N302. Calculated: C 75.9; H 6.1; N 10.2~0. 

1•3•3•TrimethyI•6'•(p•nitr•pheny•az•)•8'•meth•xyspir•(ind••ine•2•2'•[2H]••hr•mene) (VIII). This 
compound was obtained by the method used to p r e p a r e  VI (the heating t ime was 2.5 h) and was c rys t a l l i zed  
f r o m  benzene (1 : 50) to give VIII  with mp  198 ~ (turned g reen  at ~ 192 ~ in 65% yield. IR spec t rum:  1660 
(w), 1610, 1520, 1490, 1470 (br), 1340~ 1280, 1120, 1020, 970 (w) em -I. Found: C 68.1; H 5.5; N 12.0~0. 
C2~H24N40 t. Calculated: C 68.4; H 5.3; N 12.3%o 

3-Chloromethyl-4-hydroxybenzophenone (XIV). A 4.56-g (0.06 mole) sample of dimethoxymethane 
was added to 3.96 g (0.02 mole) of p-hydroxybenzophenone in i00 ml of concentrated HCI and 4 ml of con- 
centrated H2SO4, and the mixture was heated at 70 ~ for 30 rain. It was then cooled, and the precipitate was 
removed by filtration and washed with water until it was neutral to give 4.4 g (90~0) of XIV with nap 146- 
150 ~ Two crystallizations from benzene (1:20) gave 3.36 g of XIV with rnp 157 ~ The product was soluble 
in CCI 4 and alcohol. PMR spectrum: 5 (CH 2) 4.29 pprn (in dfoxane). IR spectrum: 3100 (br), 1640, 1600, 
1570 (br), 1320, 1280 (br), ii00 era-i~ Found: CI 14.0%. Ci4HIICIO 2. Calculated: CI 14.4~. 

4-Hydroxy-3 ~ 5-di(ebloromethyl) benzophenone. A mixture of 2 g ( 0.01 mole) of p-hydroxybenz ophenone; 
3.8 g (0.05 mole) of dimethoxymethane, 50 ml of conc entrated HC1, and 2 m l of concentrated H2SO 4 was heated at 
70 ~ while gaseous HCI was passedthrough it for 4.5 h. The precipitate was removed by filtration and washedwith 
water until it gave a neutral reaction. This procedure yielded 2.2 g (76%) of colorless crystals. Crystallization 
from petroleum ether (1: 50) gave a product with mp 122-124 ~ PMR spectrum: 5 CH 2 4.12 ppm (singlet, 
4H, in dioxane). IR spectrum: 3250 (br), !635~ !6q0, 1325, 1270 (br), 1230, 1230~ 1180, 1140, 1120 
cm -I. Found: Cl 23.8%. CI~H22C1202. Calculated: Cl 24.3~0. 

5-Benzoylsalieylaldehyde (XV). A mixture of 4.3 g (17 mmole) of XIV and 6.0 g (42 rnmole) of hexa- 
methylenetetramine in 43 ml of glacial acetic acid was refluxed for 4 h, after which 65 ml of 7% hydro- 
chloric acid was added and the mixture was refluxed for another 1.5 h. The hot solution was filtered and 
cooled to give 1.45 g (37%) of XV with mp 86-90 ~ Reerystallization from hexane (i : 35) gave 0.8 g of XV 
with mp 89-92 ~ [6]. UV spectrum (in chloroform), Xmax, nm (log ~): 282 (4.i4), 330 (3.49). IR spectrum: 
3400, 1645 (br), 1600 (br), 1480, 1445, 1320, 1280, 1220, 1180, 1120 cm -I. 

5-Methyl-6'-benzoylspiro(5,6-dihydrophenanthridine-6,2'-[2H]-ehrornene) (XIII). A 0.5-rnl (5 rnmole) 
sample of piperidine was added to a hot solution of 0.57 g (2.5 mmole) of XV and 0.8 g (2.5 rnrnole) of XVI 
in 25 rnl of alcohol. The solution became red, and a light-colored precipitate formed. After 15 rain, the 
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prec ip i ta te  was r e m o v e d  by f i l t ra t ion and washed with alcohol to give 0.92 g (89%) of XIII.  R e c r y s t a l t i z a -  
tion f rom benzene (1 : 40) gave co lo r l e s s  c r y s t a l s  with mp  228-229 ~ Solutions in aprot ic  organic solvents  
were  co lo r l e s s ,  a solution in benzyl  alcohol at  r o o m  t e m p e r a t u r e  was yellow, while a solution in ethanol 
became c r i m s o n  on heat ing and r ema ined  c r imson  a f te r  cooling. IR spec t rum:  1648, 1603, 1482, 1470, 
1445, 1375, 1320, 1290, 1265 (br),  1220, 1180, 1120, 1095, 980 cm -1. Found: C 84.4; H 5~ N 3.3%. 
C29H21NO 2. Calculated: C 84.1; tt 5.1; N 3.4%. 

i. 

2. 
3. 
4. 
5. 
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