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he ld  at  5-7*,  and 1.29 g (0.0053 mole)  ac id  ch lo r ide  
in 40 ml  benzene  added.  The whole was then s t i r r e d  
fo r  50 min  more ,  and the r e a c t i o n  p roduc t s  pou red  
onto ice  p lus  HC1. The p r e c i p i t a t e  was f i l t e r e d  off, 
and washed  with wa te r ,  when compound I was obta ined .  
The o r g a n i c  l a y e r  of the f i l t r a t e  was washed  with 
wa te r ,  the so lven t  d i s t i l l e d  off, the r e s i d u e  t r e a t e d  
with 2% NaOH, the m i x t u r e  f i l t e r ed ,  and the f i l t r a t e  
ac id i f i ed  to g ive  N - c a r b a z o l y l a c e t i c  acid,  y ie ld  0.3 g 
(25%). The NaOH- inso lub l e  r e a c t i o n  p roduc t  was 
d r i ed ,  and along with compound I, exhaus t ive ly  ex-  
t r a c t e d  w i t h b e n z e n e .  The e x t r a c t w a s  c h r o m a t o g r a p h e d  
on A1203, u s ing  benzene ,  when c a r b a z o l e  was i so la ted ,  
y i e ld  0.18 g (20%), mp 236-238  ~ (ex xy lene) .  Unde-  
p r e s s e d  mixed  mp with authent ic  c a r b a z o l e .  The 
r e s i d u e  r e m a i n i n g  a f t e r  e x t r a c t i o n  was CF condensa te ,  
an in fus ib le  a m o r p h o u s  powder  (when hea ted  above 
360* i t  g r a d u a l l y  c h a r r e d )  of ve ry  low so lub i l i t y  in 
org~mic so lven t s  (pyr id ine ,  n i t robenzene ,  ani l ine ,  e tc) .  
T h e r e  was  N-H va lence  v ib r a t i ons  abso rp t i on  band 
[5]. Yie ld  of CF condensa t e  0.42 g (60% on the ac id  
c h l o r i d e  d e c o m p o s e d ,  as  c a l cu l a t ed  on the f r a g m e n t  
C12HsNCH2). The gas  m i x t u r e  co l l ec t ed  dur ing  the 
r e a c t i o n  was  ana lyzed  with a VTI-2  gas  a n a l y z e r ,  
y i e ld  of CO 84.2 ml (NTP), 71%. 

IR s p e c t r a  w e r e  r e c o r d e d  with a IKS-14 s p e c t r o -  
p h o t o m e t e r :  a) fo r  the 3600-3100  cm -1 and 2 0 0 0 -  

700 cm -1 r e g ions  a va se l i ne  mul l  was used  (L iF  and 
NaC1 p r i s m s ) ,  in the 3100-2800  cm -1 region ,  t ab le t s  
with KBr  (L iF  p r i s m ) .  
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A new and original method of synthesizing difficultly accessible 

i/CH,CHR'O \ ~  
1-hydr~ila~anes N--CH2CHR"O--SiH, is developed. It is based on 

\CH2CHR'"O / 
transesterifieation of the appropriate borauanes in the presence of 
aluminum alkoxide catalyst. The method is used to prepare four 
compounds of the type stated, only one of which (R' =R" =R" =H) 
was previously known. 

Up to the p r e s e n t  the only  known r e p r e s e n t a t i v e  
of 1 - h y d r o s i l a t r a n e s  wi th  a S i - -H  bond, is  s i l a t r a n e  
i t s e l f  (Ia), which was  p r e p a r e d  by r e a c t i n g  t r i e t h a n o l -  

am.ine with t r i e t h o x y s i l a n e  (II) [2]: 
I l 

N(CIt2CH2OH)3 + (C2HsO)3SiH --. N(CH2CH~O)zSiH+3C~HsOH 
' [I la 

However  th is  r eac t ion ,  fo r  which the r e a c t i o n  con-  
d i t ions  a r e  not  g iven  in the l i t e r a t u r e ,  i s  c o m p l i c a t e d  
by s ide  r e a c t i o n  of the t r i e t h a n o l a m i n e  with the 
Si - -H bond, r e s u l t i n g  in qui te  a low y i e ld  of I a  
(22%) [3]. 

We have deve loped  a qui te  new and o r i g i n a l  method  
of p r e p a r i n g  s i l a t r a n e  and i t s  C - d e r i v a t i v e s  con-  
ta in ing  the Si---H bond [4, 5]. I t  i s  b a s e d  on the a l -  
uminum a l k o x i d e - c a t a l y z e d  t r a n s e s t e r i f i c a t i o n  of the 
r e a d i l y  a c c e s s i b l e  c o r r e s p o n d i n g  b o r a t r a n e s  (III) 
[6] by t r i e t h o x y s i l a n e  (II), the equa t ion  be ing  

C,2CNR'O /' I c.~cHwo i 
/ \ +  a,(oR)~ , / \ r  

N--CH~CHR"O- -B + ( C 2 H ~ O ) 3 S I H - - ~ N - - C H 2 C H R " O - - S i H  + 
\ / \ / 

CH2CHR"'O CH2CHR'"O 

I I I  I I  I 

* F o r  P a r t  X s e e  [1]. ~ II(OC2H~)~, 
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w h e r e  R' ,  R'% R r~= H o r  an o r g a n i c  group,  and R = 
= a lky l .  Unl ike  t r i a l k a n o l a m i n e s  III does  not g ive  
r i s e  to s e i s s i o n  of the S--H bond e i t h e r  in the s t a r t i n g  
II, o r  in the I f o r m e d .  

Synthes i s  is  e f fec ted  by 3 - h o u r s  boi l ing  in xy lene  
so lu t ion  of a m i x t u r e  of the a p p r o p r i a t e  b o r a t r a n e  
and 50% e x c e s s  t r i e t h o x y s i l a n e  in the p r e s e n c e  of a 
c a t a l y t i c  amount  of an a luminum a lkoxide ,  e . g .  
AI(OEt)a. The r e s u l t a n t  I c r y s t a l l i z e s  s t r a i g h t  out  
of the solut ion,  o r  i s  i s o l a t e d  f r o m  i t  a f t e r  d i s t i l l i n g  
off the so lven t .  Y ie ld s  a r e  64-94% theory .  

CH 2 
,% /k % 

R' R CH / ItCR ~ 

\oq_!__o/ 
o 

I 
a) R'=R"~R'"=It ;  b) R'~eHa, R"=R"'=Id; 
c) R'=R"=CHa, R'"=H; d) R'=R"=R'"=CHa. 

In the a b s e n c e  of the r e a c t i o n  ca t a ly s t ,  f o r m a t i o n  
of I p r o c e e d s  r a t h e r  m o r e  s lowly,  the r e a c t i o n  t ime  
is  i n c r e a s e d  to 50 hours ,  and the y i e ld  of I is  s o m e -  
what  l o w e r e d  (in the c a s e  of Ia  to 80%). 

The tab le  be low g ives  m e l t i n g  poin ts ,  y i e ld s ,  and 
a n a l y t i c a l  da t a  fo r  the I compounds  p r e p a r e d  in the 
above way.  1 - H y d r o s i l a t r a n e s  a r e  whi te  f i b r o u s  
c r y s t a l l i n e  s u b s t a n c e s ,  r e m i n d i n g  one of g l a s s  w o o l .  

They a r e  r e a d i l y  so lub le  in p o l a r  o r g a n i c  s o l v e n t s  
and wa te r ,  which h y d r o l y z e s  them c o n s i d e r a b l y  f a s t e r  
than S i - s u b s t i t u t e d  o r g a n y l  and o r g a n o s i l a t r a n e s .  

Due to the p r e s e n c e  of the Si---H bond, they r e a c t  
r e a d i l y  with b r o m i n e  and iodine ,  whi le  in the p r e s e n c e  
of c a t a l y s t s  they r e a c t  r e a d i l y  with o r g a n i c  compounds  
conta in ing  ac t ive  hyd rogen  (a lcohols ,  phenols ,  c a r -  
boxy l i c  a c i d s ) .  U n s u c c e s s f u l  a t t e m p t s  w e r e  made  to 
r e a c t  compounds  I with o le f ins ,  in the p r e s e n c e  of 
e h l o r o p l a t i n i c  ac id  c a t a l y s t  o r  u l t r a v i o l e t  l ight .  

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

T r t e t h o x y s t l a n e  s t a r t i n g  m a t e r i a l  was  an i n d u s t r i a l  
p roduc t ,  which  was  p u r i f i e d  by  d i s t i l l i n g  through a 
co lumn ,  bp 131-133  ~ nD 2~ 1.3772. 

B o r a t r a n e s  (Ill)  w e r e  p r e p a r e d  by the method 
which we p r e v i o u s l y  deve loped  [6], us ing  a z e o t r o p i c  
d i s t i l l i n g - o f f  of w a t e r  f r o m  a m i x t u r e  of e q u i m o l -  
e c u l a r  amounts  of the a p p r o p r i a t e  t r i a l k a n o l a m i n e  
and b o r i c  ac id  in i s o a m y l  a lcohol  so lu t ion .  A de -  
s c r i p t i o n  of the b o r a t r a n e  s y n t h e s i s  is  g iven be low.  

A f l a sk  was f i t ted  with a w a t e r - s e p a r a t i n g  t rap  
and re f lux  condense r ,  and c ha rge d  with 14.9 g (0.1 
mole)  t r i e t h a n o l a m i n e ,  6.2 g (0.1 mole)  b o r i c  acid,  
and 75 ml i s o - A m O H .  The m i x t u r e  was r e f luxed  
unt i l  a l l  the w a t e r  had s e p a r a t e d  in the t r a p .  The 
t h e o r e t i c a l  amount  (5.4 ml)  of w a t e r  s e p a r a t e d  
a f t e r  1 h r  30 min .  On cool ing  whi te  c r y s t a l s  of 
b o r o t r a n e  came  down, and w e r e  f i l t e r e d  off with 
suct ion,  washed  and v a c u u m - d r i e d ,  y ie ld  14.3 g (91%), 
mp 237-238*.  

In the s a m e  way i s o p r o p a n o l d i e t h a n o l a m i n e  and 
b o r i c  ac id  gave a 90% y ie ld  of 3 - m e t h y l b o r a t r a n e .  
It was  i s o l a t e d  f r o m  the r e a c t i o n  p r o d u c t s  a f t e r  

d i s t i l l i n g  off the i so -AmOH,  and was  pu r i f i ed  by 
r e c r y s t a l l i z i n g  f r o m  benzene ,  mp 196 .5-197 .5  ~ 

3, 7 - D t m e t h y l b o r a t r a n e  was ob ta ined  in 59% y ie ld  
f r o m  d i i s o p r o p a n o l e t h a n o l a m i n e  and b o r i c  ac id .  A f t e r  
r e c r y s t a l l i z i n g  f r o m  b e n z e n e - p e t r o l  e t h e r  i t  had 
nap 168-169" .  

3, 7, 1 0 - T r i m e t h y l b o r a t r a n e  was  ob ta ined  in 88% 
y ie ld  f r o m  t r i s i o p r o p a n o l a m i n e  and b o r i c  acid,  mp 
150-151 ~ (ex n -hep tane ) .  

S l l a t r a n e  (Ia),  A f l a sk  f i t t ed  with a r e f l ux  c on dense r ,  
was  c h a r g e d  with 7.83 g (0.050 mole)  b o r a t r a n e ,  12.30 
g (0.075 mole)  t r i e t h o x y s i l a n e ,  0.06 g AI(OEt)a, and 
400 ml  xy lene .  The m i x t u r e  was hea ted  to boi l ing,  when 
the b o r a t r a n e  did  not  d i s s o l v e  in the xy lene .  However ,  
a f t e r  hea t ing  fo r  1 h r - 1  h r  30 min ,  a l l  the  b o r a t r a n e  
d i s s o l v e d .  The m i x t u r e  was  hea ted  fo r  1 h r  30 min  
longer ,  then f i l t e r e d  hot,  and cooled  to r o o m  t e m p -  
e r a t u r e .  Minute  f i b r o u s  c r y s t a l s  of Ia  c a m e  out, w e r e  
f i l t e r e d  off, washed  with p e t r o l  e ther ,  and vacuum-  
d r i ed ,  mp 250 .5-252 .5  ~ y ie ld  8.26 g (94%). Af t e r  
r e c r y s t a l l i z i n g  f r o m  xy lene  i t  had mp 256-258* (the 
l i t e r a t u r e  g ives  [2] 253-256~ When the r e a c t i o n  was  
run  s i m i l a r l y ,  but  wi thout  adding AI(OEt)3, a l l  the 
b o r a t r a n e  d i s s o l v e d  only  a f t e r  50 h r s  hea t ing ,  and 
the y i e ld  of Ia,  mp  256-258% was 81%. 

3, 7, 1 0 - T r i m e t h y l s i l a t r a . n e  (Id). A m i x t u r e  of 1.99 
g (0.01 mole )  3, 7, 1 0 - t r i m e t h y l b o r a t r a n e ,  2.46 g 
(0.015 mole)  t r i e t h o x y s i l a n e ,  0.06 g Al(OEt)a, and 

Com- 
pound 

number 
Ia 

Ib 

le 

'" .. Id 

R' R" 

I4 t I 

CHa H 

CHa CHa 

CHa CHa 

Mp ~ (re- 
R'" crystallizing 

solvent) 

I I 256--258 
(xylene) 

I t .'207 --208 
(xylene) 

11 158--160 
(xylene) 

CII: 115--116 
(n-heptane) 

1 - H y d r o s i l a t r a n e s  (I) 

Formula 

C~lhaNOaSi 

C7t-I~sNOaSi 

CsH 17N O3Si 

CgHIgNOaSi 

Found, % 

c i 7N4~9 Si 
41.5C 37 77~ 15,731580 

44.41 21 ~ 14.56 2 H 
,t7 21 35 13 85 

13.67 
49.81 77 12.80 

12.~5 

Calculated, % 

C |! N St 

41.12 7,48 7.99 16.03 

44.42 7.99 7.40 14.82 

47.26 8.43 6.89 13.81 

49,7-t 8.81 6.44 12.92 

yield, 
% 

94 

87 

78 

64 
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80 ml  xy lene  was d i s t i l l e d  off, and p e t r o l  e t h e r  added 
to the so lu t ion  a f t e r  cool ing .  A white  p r e c i p i t a t e  of 
Id fo rmed ,  and was  worked  up as  d e s c r i b e d  fo r  Ia .  
Yie ld  of Id 1.39 g (64%). A f t e r  r e c r y s t a l l i z i n g  f rom 
n -hep t ane  i t  had mp 115-116 ~ 

3-Methylsllatrane (Ib) and 3, 7-dimethylsilatrane 
(Ic). These were prepared similarly to Ia, from 
3-methyl- and 3, 7-dimethylboratrane respectively. 
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Cyclization of amides of cx-carbamido-~-(indan-1.3-dione-2-yl) 
hydrocinnamic acid gives 1-aryl-2-carbamido-1, 2, 3, 4-tetrahydro- 
4-azafloren-3, 9-dionc. Alkaline and acid hydrolysis of these 
compounds are investigated. 

Condensa t ion  of an a m i d e  amino  group  with a 
c a r b o n y l  g roup  has  been  but  l i t t l e  s tud ied  [ 1 - 3 ] .  
C y c l i z a t i o n  of this  k ind can give new types  of h e t e r o -  
c y c l i c  compounds .  We have  shown [4] that  conden-  
sa t ion  of 2 - a r y l i n d e n i n d a n - 1 ,  3 - d i o n e s  with ma lon ic  
d i a m i d e  g ives  a m i d e s  of a - c a r b a m i d o - f i - ( i n d a n - 1 ,  3-  
d i o n e - 2 - y l ) h y d r o c i n n a m i c  a c i d s  ( I a - e ) .  The r e s u l -  
tant  a m i d e s  I r e a d i l y  undergo  c y c l i z a t i o n  in ac id  
solu t ion ,  g iv ing  1 - a r y l - 2 - c a r b a m i d o - 1 ,  2, 3, 4 - t e t r a -  
h y d r o - 4 - a z a f l u o r e n - 3 ,  9 - d i o n e s  ( I I a - e )  

I R l II Rl 

a ) R ] ~ R ~ H ;  b) Rj~NO~, R~=-H; c) Rj OCH~, R2=H; 
d)Rl=CI,  R2=H; e)RI---H, R2= CH3 

In the c a s e  in ques t ion ,  condensa t i ons  be tween  
a m i d e  and c a r b o n y l  g roups  a r e  f a c i l i t a t e d  by the 
s t e r i c  p r o x i m i t y  of the indandione  c a r b o n y l  group 

to the amido  group,  as  wel l  as  by the p o s s i b i l i t y  
of f o r m a t i o n  of an u n s t r a i n e d  6 - m e m b e r e d  r i ng  in 
II .  As was shown for  the e x a m p l e s  of N, N ' - d i s u b -  
s t i tu ted  I compounds ,  an i m p o r t a n t  r o l e  in t he i r  
cyc l i z a t i on  is  p layed  by the nuc leoph i l i c i ty  of the 
n i t rogen  a tom of the a t t ack ing  amido  g roup .  Thus,  
in g e n e r a l  I (R1 = H 1, R2 = CGHs) w h e r e  the b a s i c i t y  

of the n i t rogen  a tom is much d e c r e a s e d  due to the 
p r e s e n c e  of N-pheny l  g roups ,  is  not c y c l i z e d .  At  
the s a m e  t i m e  the N, N L d i m e t h y l  d e r i v a t i v e  Ie c y -  
c l i z e s  m o r e  r e a d i l y  than the N - s u b s t i t u t e d  I ( in-  
duc t ive  ef fec t  of N - m e t h y l  g roups ) .  IR and UV 
s p e c t r a  da ta  c on f i rm  the s t r u c t u r e  of compound II.  

The compounds  II p r e p a r e d  w e r e  submi t t ed  
to a lka l ine  and ac id  h y d r o l y s i s .  Unl ike  4 - a z a f l u o r -  
enones  [5, 6], subs t i t u t ed  t e t r a h y d r o - 4 - a z a f l u o r e n -  
3, 9 - d i o n e s  a r e  r e a d i l y  c l e a ve d  by a lka l i  a t  the 3 - -4  
bond.  The end p r o d u c t  of a lka l i ne  h y d r o l y s i s  is  c~- 
( 3 - a m i n o i n d - 2 - e n -  1 - o n e - 2 - y l ) - b e n z y l m a l o n i c  ac id  
(III), which i s  d e c a r b o x y l a t e d  when hea t ed  in d i e t h y l -  
ene g lyco l .  D e c a r b o x y l a t i o n  is  a c c o m p a n i e d  by i n t r a -  
m o l e c u l a r  acy l a t i on  of the f r e e  amino  group,  with 
r i ng  c l o s u r e  and f o r m a t i o n  of 1 - p h e n y l - 1 ,  2, 3, 4-  
t e t r a h y d r o - 4 - a z a f l u o r e n - 3 ,  9 -d ione  (IV). 

I! 

c coo)  CO2o, 
0 CsH 5 

I I I  C6H5 IV 


