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Methods for  the p repa ra t ion  and analys is  of te t rahydro-3~-carbol ines  and the i r  chemica l  
and phys icochemica l  p r o p e r t i e s  and pharmacolog ica l  s ignif icance a re  reviewed.  

T e t r a h y d r o - y - c a r b o l i n e s  and the i r  der iva t ives  have ant ihis tamine [1-14], ant i -anaphylact ic  [15, 16], 
ant iserotonin  [17, 18], antiphlogist ic  [19], an t idepress ive  [20], and antibradykinin [13, 21] action. Some of 
them display cholinolytic,  local  anesthet iz ing [1, 22-26], and ant iemet ic  [27, 28] activity; they a r e  also ca -  
pable o f reduc ing the  pe rmeab i l i t y  of skin cap i l l a r i e s  [26]. 

The ant ih is tamine  p repa ra t ion  Om er i l  (13 (3 -me thy l -9 -benzy l - l , 2 ,3 ,4 - t e t r ahyd ro -q / - ca rbo l ine  naphtha-  
l ene - l , 5 -d i su l fona te  salt), which is known in the Soviet Union as Diazolin, has found extensive p rac t i ca l  ap-  
pl icat ion [1-3, 7, 29-32]. 
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Dimebone (1D (or Dimeboline,  9 - [2 - (2 -me thy l -5 -py r idy l ) e thy l ] -3 ,6 -d ime thy l - l , 2 ,3 ,4 - t e t r ahydro -3 / -  
earbol ine) ,  for  which ant iemet ic  and pro tec t ive  action has been noted during radia t ion- induced d isease  of 
the skin [13, 32, 33], has shown pronounced ant ih is tamine action during clinical  tes t ing.  

The re  a r e  no rev iews  avai lable  on this p rob lem,  and methods for  the p repara t ion  of such s t ruc tu re s  
a r e  desc r ibed  b r ie f ly  only in a pape r  by Abramovich  [34]. The p re sen t  review encompasses  the l i t e ra tu re  
published through 1971. 

A sy s t em in which the posit ion of the ni t rogen a tom is designated by a Greek le t t e r  is most  f requent ly  
used  to name carbol ines  [35]. The mos t  widespread  sy s t em of number ing  is s i m i l a r  to that used for  c a r b -  
azole: 
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P r e c i s e l y  this  number ing  is r e commended  by the IUPAC rules  ( formula  A) [36]. Of course ,  m o r e  s t r ic t ly  
speaking one mus t  give the ni t rogen a toms lower  numbers  ( formula  B), but this p rocedure  is l ess  f requent ly  
adopted. In the Ring Index [37], G/-earbolines a re  cons idered  to be  pyrido[4,3-b]indoles ,  but these  names  
a r e  r a r e l y  used.  According to the P e r k i n - R o b i n s o n  sy s t em [38], the junction carbon a toms a re  also num-  
be red  ( formula  C). Some authors  have taken the indole ni t rogen a tom as the s ta r t ing  point for  number ing  
( formula  D). The si te  of the p iper id ine  ni t rogen a tom is s o m e t i m e s  designated by means  of a number  in-  
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s tead of l e t t e r s .  Finally,  in the "oxa-aza"  sys t em,  these  s t r u c t u r e s  can be cal led 3 ,9-d iazaf luorenes .  We 
have p re sen ted  this informat ion in view of the cons iderable  confusion in the l i t e ra tu re .  The IUPAC nomen-  
c la ture  is used  in the p re sen t  review.  

S y n t h e s i s  o f  T e t r a h y d r o - T - c a r b o l i n e s  

Most  methods for  the p repa ra t ion  of t e t r a h y d r o - T - c a r b o l i n e s  a r e  based  on the F i s che r  indole syn-  
t hes i s  or  on condensations of the appropr ia t e  indole with building on of the piper idine  r ing.  

Synthesis  on the Basis  of the F i s c h e r  Reaction.  Cyclization of a ry lhydrazones  of ~/-piperidone and 
its homologs under  the conditions of the F i s c h e r  reac t ion  leads to t e t r a h y d r o - T - c a r b o l i n e s ,  but (as usual  in 
th is  synthesis} the success  of the reac t ion  depends on the se lec t ion of the condensing agent. 

R3 
I 

R~ 11 I 
O R 2 

Thus glacia l  ace t ic  acid and boron t r i f luor ide  e thera te  a r e  unsuitable for  the cycl izat lon of 1,2,6- 
t r ime thy l -4 -p ipe r i done  and t ropinone phenylhydrazones  [39]. The indolization of 1 -me thy l -4 -p ipe r idone  
phenyl-  a n d p - t o l y l h y d r a z o n e s p r o c e e d s  success fu l ly  under  the influence of dilute sulfur ic  acid [29, 40, 41], 
while a ry lhydrazones  of 1 ,3 -d imethy l -  and 1 ,2 ,5 - t r ime thy l -4 -p ipe r idones  were  only res in i f ied  under  these  
conditions. The condensation of p-e thoxycarbonylphenylhydraz ine  and 1 - (p -e thoxyca rbony lpheny l ) - l -n -  
butylhydrazine with 1 -me thy l -4 -p ipe r idone  p roceeds  to give high yields  in concent ra ted  hydrochlor ic  acid, 
but the carbe thoxy group is saponified [42]. T r i ace toneamine  p-e thoxycarbonylphenylhydrazone undergoes  
60-70% hydro lys i s  on t r e a t m e n t  with hydrochlor ic  acid, and only 5% indolization is obse rved  [43]. The yield 
of the cor responding  t e t r a h y d r o - 7 - c a r b o l i n e  was r a i s ed  to 30% when a solution of HC1 in absolute alcohol 
was used.  

A 7-10% solution of hydrogen chlor ide in alcohol should be cons idered  to be the mos t  un iversa l  con- 
densing agent [41, 43]. It was p r e c i s e l y  in this manner  that  Robinson and Thorn ley  in 1924 [44] obtained 
2 ,2 ,4 ,4 ,9 -pen tamethy l -1 ,2 ,3 ,4 - t e t r ahydro-  T -ca rbo l ine  f rom methylphenylhydrazine and N-ace ty l t r i ace tone -  
amine .  When they used  unsubsti tuted phenylhydrazine,  they obse rved  only qual i ta t ively the fo rmat ion  of a 
t e t r a h y d r o - T - c a r b o l i n e  without a subst i tuent  at tached to the indole ni t rogen a tom.  Unsubsti tuted t e t r a h y d r o -  
T-ca rbo l ine  was obtained by reduct ion of T -ca rbo l ine  in alcohol [44]. 

While p - subs t i tu ted  phenylhydrazines  r eac t  without complicat ions  in these  syntheses  [42, 45, 46], two 
i s o m e r i c  t e t r a h y d r o - T - c a r b o l i n e s  a re  obtained in the case  of m-ha lophenylhydrazones  [14]: 

Ha! 

CH2CeH5 I I 
CH2CGH~ CH2C~H ~ 

However ,  only one i s o m e r  was i so la ted  in the condensation of 3-( t r i f luoromethyl}phenylhydrazine with 4-  
piper idone or  1 -me thy l -4 -p ipe r idone  [46, 47], but the posi t ion of the CF3 group was not accura te ly  e s t ab -  
l ished.  In analogy with the synthes is  of a s i m i l a r  t e t r ahyd roca rbazo l e  [48], it can be a s sumed  that  this  
group is in the 7 posi t ion (I1D, although accord ing  to [49] the cycl izat ion of pyruvic  acid m - t r i f l u o r o m e t h y l -  
phenylhydrazone gives main ly  the 4 - t r i f luo romethy l  der iva t ive  (IV}. 

H H H 

!1! IV V 

Only the 7 i s o m e r  (V} was also i so la ted  in the synthesis  f r o m  m-a lkoxyphenylhydrazones  [46, 50]. 
The posi t ion of the subst i tuent  was es tab l i shed  by means  of the method used  for  t e t r a h y d r o c a r b a z o l e s  [51- 
53] - dealkylat ion of different  V gives the s a m e  7 -hydroxy te t r ahydro -~ -ca rbo l ine .  A roundabout path was 
used for  the synthes is  of the 5-a lkoxy der iva t ives  [46]: 
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In the cycl izat ion of o-subs t i tu ted  phenylhydrazones ,  one should reckon with the poss ibi l i ty  of an o ma-  
lous indolization [54], which m a y  lead not only to the 8-subst i tu ted  der iva t ive  but also to the 6-subst i tu ted 
der iva t ive .  

The use  of a - subs t i t u t ed  phenylhydrazines  makes  it poss ib le  to obtain 9-subs t i tu ted  t e t r a h y d r o - 7 -  
carbol ines .  This  route was used  to synthes ize  9-pyr idyle thyl  der iva t ives  of the II type [55-59] and s ev e ra l  
o ther  compounds [60-65]. Labeled Dimebone (ID was synthesized in high yield via the usual  scheme  f rom 
labeled 1-(~4C-methyl}-4-piperidone [66]. 

An a t tempt  to cycl ize  1 - (2 -cyanoe thy l ) - l -pheny lhydraz ine  with 1 -me thy l -4 -p ipe r idone  did not give the 
cor responding  t e t r a h y d r o - ~ - c a r b o l i n e ,  but 1 -phenyl -3-pyrazo l idonimine  (IX), i .e. ,  the product of cyc l i za -  
t ion of the s ta r t ing  hydrazine,  was i so la ted  instead of it [67]. 

i 
c~ff 5 

Ix 

Yamamoto  [19, 68], in the ea se  of the synthesis  of 9 - (p -ch lo robenzoy l ) -3 -me thy l -6 -me thoxy- l , 2 ,B ,4 -  
t e t r ahydro -~ / - ca rbo l ine  (X), showed the fundamental  poss ib i l i ty  of obtaining 9 - a c y l t e t r a h y d r o - ? - c a r b o l i n e s  
f rom acylphenylhydr  az ine s: 

C H 3 0 - - ~ I ~ - - N H  2 + O = ~ N - - C H  3 
COC6H4CI -p 

Phenylhydrazine  analogs were  also used in this reac t ion .  

[ . ~ \ _ ~ N / C t l 3  

I cOc6lt4CI-p 

X 
For  example ,  f o u r - r i n g  s t ruc tu r e s  of the 

py r ro lo  [1,2,3-f, g]- and pyr ido [1,2,3 ,-f ,  g]-  7 - ca rbo l i ne  s e r ie  s were  synthesized f rom 1-aminoindol ines  and 
1- aminot  et r ahydr  oquinolines [69]: 

O 
II 

A=CH2;  CH2CH 2' 

The s t ruc tu re  of the piper idine  component  is of substant ia l  impor tance  in this  synthes is .  The indole 
synthes is  fo r  1 ,2 ,5 - t r ime thy l -4 -p ipe r idones  could be. c a r r i e d  out only with a ry lhydraz ines  without a second 
subst i tuent  a t tached to the ni t rogen a tom [29]. In addition, the synthesis  was unsuccessfu l  with n i t rogen-  
subst i tuted phenylhydrazines  when t r i aee toneamine  was used  [43 ]. This  is explained by the r eady  hydrolys is  
and s t e r i c  hindrance .of such hydrazones  [43]. The s t r u c t u r e s  of the subs tances  that  were  obtained by this 
path r equ i re  spec ia l  ver i f icat ion,  pa r t i cu l a r ly  if t he re  was a subst i tuent  next to the carbonyl  group of the 
p iper idone.  The p r o c e s s  for  such a - s ubs t i t u t ed  piper idones  occurs  with skele ta l  i somer iza t ion  to give 
1 ,2 ,3 ,4- te t rahydropyr imido[3 ,4-a] indoles  [70-73] (see scheme  on top of next page).  In the opinion of some 
inves t iga tors  [72-74], indolenines XI a r e  ini t ial ly f o r m e d  and then r e a r r a n g e  to t e t r ahydropyr imido[3 ,4 -a ] -  
indoles with c leavage of the C4-C4a bond in the manner  of the r e v e r s e  Mannich reac t ion .  Indolenines XI 
t h e m s e l v e s  cannot be i so la ted  or  detected,  but it was found that  t e t r a h y d r o - T - c a r b o l i n e s  a r e  r e a r r a n g e d  
to pyr imido  indoles XII (R = Br) under  the influence of N-bromosucc in imide  [75]. The r e v e r s e  t rans i t ion  
f r o m  XII to t e t r a h y d r o - ~ - c a r b o l i n e s  was a lso  accompl i shed  by reduction with l i thium aluminum hydride [75]. 
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CH~--N~O + "NH2NHC~ N ~CIl T 
"CH~ ~ / ~  

CH~ 

CH~ 

XI 

~--"~-~/Cl'l~. ~CI13 ] ~--",~__N/\N/CHS 

Cfl~ J XII 

R=H,, CH~, COOC2H5; R~fH, CH~, CHaO , COOH, el ,  COOC2H5 

The reaction proceeds without anomalies in the case of unsymmetrical  ~ ,fl '-disubstituted y -p iper -  
idones, and the two possible isomers can be isolated [76]: 

The use of4-piperidoneketal  (4,4-diethoxypiperidine) in place of 4-piperidone is also known [20]. 

The preparation of te t rahydro-y-carbol ines  with an unsubstituted piperidine nitrogen atom is fraught 
with difficulties due to the instability of the starting 4-piperidone. This was successfully overcome by 
using 1-benzyl-4-piperidone, which is readily condensed with various arylhydrazines to give 3-benzyl- 
te trahydro-Y-carbolines.  Debenzylation of the latter gives unsubstituted te t rahydro-y-carbol ines .  Si- 
multaneous dehydrogenation occurs when the 3-benzyl derivatives are  heated with Pd/C, and this gives com- 
pletely aromatized structures [77]. 

Synthesis on the Basis of Iadole Structures.  Amino alcohol XIII, which readily gives gramine deriva- 
tive XIV, is formed on condensation of 2-1ithio-l-methylindole with diethylaminoacetone. Selective methyla- 
tion gives quaternary salt XV, which quantitatively liberates trimethylamine on rapid heating in aqueous 
solutions and cyclizes to te t rahydro-y-carbol ine  XVI [78, 79]. The lat ter  is aromatized on heating to give 
1,9-dimethyl-T-carboline ethiodide (XVID: 

~ o .  ~ (c~"~)2 c.2o + (C~3~2NH 

I o I I 
CH 3 CH 3 CH 3 

XIII 

~(CH3)2 i(CHa)3 l 

,~-,~._._.~C H 2 ~I(CoH~) 2 Clio 

I 1 I I 

@ 

N/'C2 Hs ~ [ ~ ~  "~/C2H5 ~ / ' ~  / cH2C6Hs 

"~" "~" T l J Ctl3/:oH CH~ ' -  CH~ CH 3 CH 3 . 

XVI XVII XVIII 

At 225% model compound XVIII splits out a benzyl group to give the same T-carboline (XVII). 

At 220 ~ spir~cyclic salt XIX is converted to dihydro-y-carbol ine XX. When attempts are made to 
aromatize it, the C4-N 3 bond is cleaved to give intensely colored salt XXI, the reduction of which with so- 
dium borohydride gives enamine XXiI. 
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XIX XX 
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�9 

~ c  n ~  NaBH4 ~ C H 2  

, ,_ 
CH~ CH 3 CH~ CH s 

XXII XXI 

For  the synthesis  of nonquaternized 1-hydroxyte t rahydro-~, -carbol ines  [78, 80], the react ion of 1- 
substi tuted 2-1ithioindoles with ethylbenzylaminoacetone is ca r r i ed  out, the benzyl group is removed  by hy-  
drogenation, and the resul t ing  base is cycl ized by the action of formaldehyde: 

/c'~c~ ~ N( c"2c~ 
+ CHs--C--CH2--N\ 

I I 
R R CH 3 

N/c~Hs CH~O ~ HN--C2H~ 

I O/H\CH3 I I R R CH 3 

R=CIt~, C,:,Hs, CH2CH 2, N(C~Hs) ~ 

Several  condensed s t ruc tu res  that include yet another cyclohexane [78, 80] or  pyridine ring [78-82] were 
s imi la r ly  obtained. 

An in teres t ing  variant  of this method is the react ion of 1,2-dimethylindole with 2 moles of fo rmalde-  
hyde and 1 mole of methylamine to form 3 ,9-d imethyl - l ,2 ,3 ,4- te t rahydro-~ , -carbol ine  [83]: 

CH~ CH~O 
I 

CH 3 CH 3 

However,  the (~-methyl group is not sufficiently active, and the react ion gives a low yield (20%) of product .  
An at tempt to c a r r y  out the analogous eyclizat ion of amine XXIII with formaldehyde did not give XXIV: 

XXIII XXIV 

The condensation of 2-(2-aminoalkyl) indoles with aldehydes and ketones [84] proceeds  more  successful ly .  
This method is l imited by the low degree  of access ib i l i ty  of the s tar t ing amines.  It was recent ly  used for 
the synthesis  of 4 ,4 -d ime thy l - l , 2 ,3 ,4 - t c t r ahydro -~ -ca rbo l ine  [85]. 

R' R" 

~ ~ f f  NH 
+ R'R'CO ~ " "  " ' ' ' / "  " 1  R �9 

CH2--~--NN2 

The synthesis  of t e t r ahyd ro -~ -ca rbo l i n e s  [86], which is based on the r edu~ ive  condensation of ~ -  
(o-ni t roaryl)  ketones,  has been descr ibed .  Thus the enamine obtained f rom l -methy l -4 -p ipe r idone  is a ry l -  
ated with 2 ,4 -d in i t roch lo robe~ene  and then hydrogenated over  Pd/C.  This method was used to synthesize 
6 - amino -3 -me thy l - l , 2 , 3 ,4 - t e t r ahyd ro -  y -  carboline in 64% yield: 
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2-(Bromoacetyl ) indole  can be conver ted  to  t e t r a h y d r o - T - c a r b o l i n e  XXV through the pyr idinium sal t  
a f t e r  reduct ion with l i thium a luminum hydr ide  [87]: 

0 0 OH 
XXV 

In th is  case ,  the pyr idinium cation apparent ly  a t tacks  the 3 posi t ion of the indole r ing.  

P r o p e r t i e s  o f  T e t r a h y d r o - ~ , - c a r b o l i n e s  

T h e r e  is p rac t i ca l ly  no informat ion regard ing  the  spec t ra l  c h a r a c t e r i s t i c s  of t e t r a h y d r o - y - c a r b o l i n e s  
in the l i t e r a tu re .  According to our  data, r e g a r d l e s s  of the c h a r a c t e r  of the substi tuent  in the 6 posit ion, the 
s t re tch ing  vibrat ions  of the NIT group in the IR spec t r a  of 9 H - t e t r a h y d r o - y - c a r b o l i n e s  appear  at 3480 cm-~; 
this  is a lso  cha rac t e r i s t i c  for  o ther  compounds of the indole s e r i e s .  

The UV spec t r a  of t e t r a h y d r o - y - c a r b o l i n e s  [88] differ  cons iderably  f rom the spec t r a  of indoles [89]. 
The f i r s t  shor t -wave  and mos t  intense band l ies  at 225-228 nm and p rac t i ca l ly  does not exper ience  any 
effect  of the subst i tuents  in the 6 posi t ion.  The second l e s s  intense band with a r e so lved  fine s t ruc tu re  
undergoes  a ba thochromic  shift  in the s e r i e s  6-CH3, 6-Br ,  6-OCH 3 ( f rom 285 to 306 nm).  Similar  r e g u l a r -  
i t ies  a re  obse rved  in 5-subst i tu ted  indoles [89-91]. The only di f ference  is the p r e s e n c e  of a low-intens i ty  
m a x i m u m  in the 350-360-nm region in the case  of t e t r ahydro -~ / - ca rbo l ines .  Protonat ion at the piper idine  
ni t rogen a tom does not change the UV spec t rum,  but the use  of a s t ronge r  protonat ing agent such as con- 
cen t ra ted  sulfur ic  acid leads  to protonat ion not only at N 3 but a lso  at C4a, and the spec t rum becomes  c h a r -  
ac t e r i s t i c  fo r  the indolenine s y s t em  [92]. 

N/CH3 

!! 

A H ++l! 
.,//"~. i~N/ 

The posi t ion of the s ignals  of the 4-H protons at 3.6 ppm, which is due to the deshielding effect  of the 
piper idine  ni t rogen atom and of the 3-indolyl  group, is ex t r eme ly  cha rac t e r i s t i c  for  the PMR spec t r a  of 
t e t r a h y d r o - ~ - e a r b o l i n e s  [93]. These  s a m e  fac to r s  cause  a drawing toge ther  of the s ignals  of the 1-H and 
2-H protons ,  which appea r  at 2.5 ppm.  An investigation of the PMR spec t r a  of pyr idyle thyla ted  (at the in-  
dole ni t rogen atom) t e t r a l~ydro -y -ca rbo l ines  in t r i f luo roace t i c  acid [88] demons t ra ted  the p r e s e n c e  in them 
of c h a r g e - t r a n s f e r  complexes  (CTC) fo rmed  due to the in teract ion of the e lec t ron-donor  indole and e lec t ron-  
accep to r  (par t i cu la r ly  in the protonated form) pyridine s y s t e m s .  The appearance  of the ~ - H  signal of p y r i -  
dine at anomalous ly  s t rong field (5 7.76 ppm instead of 9.3 ppm for  the model  compound 2 -me thy l -5 -v in y l -  
pyridine) ,  which is caused by shielding of it by the v - e l e c t r o n  s y s t e m  of the indole r ing,  s e rved  as a bas i s  
for  this  assumpt ion .  

R ~ / C H 3  
H 

C H 3 ~ / C H 3  

CH2- -CH2~- -CH3 

The p r e sence  of a CTC was conf i rmed  by an invest igat ion of the r e s i s t ance  of these  compounds to e lec t ron  
impac t  [88], which i n c r e a s e s  in the o rde r  R =H, Br,  OCH~, CH~. The intensif icat ion of the donor c h a r a c t e r  
of the subst i tuents  in this  s e r i e s  leads to enr ichment  by the e lec t rons  of the indole s y s t e m  and consequently 
to s t rengthening of the complex.  The s tabi l i ty  of the mo lecu l a r  ion d e c r e a s e s  in the s a m e  o rde r  for  9H- 
t e t r a h y d r o -  ~ -ea rbo l ine  s [94]. 
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In an investigation of the mass  spec t ra  of t e t r ahydro -7 -ca rbo l ines ,  we have shown that the major  
p rocess  in the dissociat ive ionization of them under the influence of electron impact is retrodiene disinte- 
gration of the carboline sys tem with loss of a nitrogen atom (together with the substituent) and the C 2 atom 
(with the substituent) : 

L F I 

In most  cases ,  this p rocess  gives the maximum ion (F1) in the spectrum, regard less  of the substituent in 
the benzene ring. The remaining fragment ions, which are  formed both by disintegration of the maximum 
ion and by disintegration of the molecular  ion via other paths, do not exceed 2-5% of the maximum. 

This type of fragmentat ion is also retained when the hydrogen atom attached to the indole nitrogen 
atom is replaced by a pyridylethyl  grouping, but the 1~ 2 ion formed in this case has reduced stability and 
dissociates  fur ther  at the f l - C - C  bond of the pyridylcthyl  group with the loss of 106 units and the fo rma-  
tion of a stable F 3 fragment .  In addition to this,  one observes the formation of ion 1~ 4 from the molecular  
ion by cleavage of the f l - C - C  bond of the pyridylethyl group and subsequent formation of an F 3 ion: 

�9 +. 

.I $. 

,t ]-CH2=NCII ~ t 
- I -i +. j c.~ N c.~ 

i 
R ~ ' ~ " " - ~ - - - ~ . C  H 2 i R, ~ ,.C.2 

I" II F t -c.~%,~N-C,o. Y" i ' r - - F  

This sequence for  the formation of the F 3 ion is confirmed by the corresponding metastable t ransi t ions.  

When one or  two substituents a re  present  in the 4 position of the carboline system,  the fragmentation 
changes sharply, and disintegration proceeds p r imar i ly  with the loss  of a radical  (or one of the rad ica l s )  
to give the maximum F 5 ion, which then loses a nitr i le or  protonated nitri le molecule to give ion F6. 

R~ R2 R ~ 

~---~. 

t l  R 4 ~1 R ~ H 

R' and  (or) R: . / i i  F5 F6 

Thus the fragmentat ion of 4-subst i tuted t e t r ahydro -T-ca rbo l ines  differs markedly f rom the d issocia-  
tive ionization of 2-  and 3-subst i tuted derivatives;  this provides a possibili ty to distinguish i somer ic  c a r -  
bolines f rom one another by mass  spec t romet ry .  

Te t r ahydro -T-ca rbo l ines  are s t rong stable bases  that form readi ly crystal l izable  salts and meth-  
iodides [41, 44]. 

Reduction of t e t r ahydro -T-ca rbo l ines  with zinc dust in hydrochloric  a c id - a l coho l  in the presence  
of m e r c u r i c  chloride gives 1 ,2 ,3 ,4 ,4a ,9a-hexahydro-T-carbol ines  in 65-70% yields [95]. An interesting 
neuroleptie and ant idepressant  - carbidine (XXVI) [96] - h a s  been discovered among them: 

c li~ . . . , ~ ' ~ _ _  J ' \  N~ C i.~ ~ cl h .~-.. i~'-..N...C% 

H I I  |1 

XXVI 
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Polyalkylated s t ruc tures ,  l ike hexahydro-~-ca rbo l ines ,  give products  of reduct ive destruct ion [97-99 ]; for  
example, p r imar i l y  2- (2-methyl-2-aminopropyl) -2 ,3-dihydroindole  (XXVIID is fo rmed  f rom 2 ,2 ,4 ,4- te t ra -  
m e thy l - l , 2 , 3 , 4 - t e t r ahyd ro -7 -ca rbo l i ne  (XXVII), while the corresponding hexahydrocarbol ine (XXIX) is ob- 
tained in only 3% yield [97]. 

CH 3 CH 3 

I i! II I ~ c .  3 

XXVII 

HCH3 CH3 

~ + ~ x . N . . ~ _ _ c . ~ _ ~ .  ~ 
H CH 3 

XX|X XXVIII 

The only product  in the reduct ion of 2 ,2 ,3 ,4 ,4 -pen tamethy l - l ,2 ,3 ,4 - te t rahydro-~-carbo l ine  under the same 
conditions is 2-(fl -methylaminoisobutyl) indoline [99]. The rat io  of react ion products  depends on the a r -  
rangement  of the alkyl substi tuents.  A dec rease  in the branching in the 4 position increases  the yield of 
normal  react ion product .  Replacement of the methyl  group in the 4 position by a phenyl group does not sub- 
stantial ly affect the course  of the reduction, which also leads to two react ion products  [84]. If the re  is no 
substituent in the 2 or  4 position, the only product  is the corresponding hexahydro-7 -ca rbo l ine .  

Alkylation and acylation at the indole ni t rogen atom is hindered in te t rahydro-~/ -carbol ines .  Thus 
they could not be acylated at N 9 by heating with acet ic  anhydride [43, 67]. To introduce a carbamide group, 
it was n e c e s s a r y  to t r e a t  the sodium derivat ive of 3 -me thy l - l , 2 , 3 ,4 - t e t r ahyd ro -~ -ca rbo l i ne  with carb-  
amoyl chloride [29]. 

In 1966, Hahn and co-workers  [67] were  unable to cyanoethylate this carbol ine.  They were  appar-  
ently unfamil iar  with the studies of Kamzolova, Kucherova, and Zagorevskii ,  who in 1964 had a l ready shown 
that cyanoethylation of such s t ruc tu re s  proceeds  with a Rodionov catalyst  [43, 100]. 

CH2CH~CN 

The alkylation of t e t r a h y d r o - 7 - c a r b o l i n e s  was studied in o rd e r  to obtain 9-alkylaminoalkyl  der ivat ives  
of pharmaeologieM in teres t  [29, 47]. Fo r  this,  the sodium derivat ive was alkylated in xylene, toluene, or 
d imcthylformamide with alkylaminoalkyl halides [20, 29]. Compounds XXX with a piperazine res idue were  
s imi la r ly  obtained [101]: 

CI(C H~)a - -N/~N--R  2 ~ / " ~ N / R  t 

H I I 
Na (~H213 

N 

I 
112 

XXX 

Quaternary  salts  at the piperidine ni t rogen atom a re  fo rmed  with benzyl chloride [29 ]. However,  benzyla-  
~ion at the indole ni trogen atom is suecessful  when a suspension of sodium in dimethylformamide is used 
[102]. Alkylation with 2-(ehloromcthyl)pyridine also proceeds  successful ly  to give the corresponding 9- 
(pyr idy lmethyl ) te t rahydro-  3, - earbol ine [60]. 

The addition of 2- and 4-.dnylpyridknes under  the influence of sodium metal  proceeds  readi ly  f o r t e t r a -  
hydro-3 , -carbol ines  with different  alkyl groups in the 3 position [103]. 

N / R  "~" Na 

. , @ 
CH2--CH2-- ~ 

If the alkyl substituent is in the 6 position, the format ion of an anion due to dissociat ion of the N - H  bond is 
hindered.  3-Vinylpyridines do not add under  such conditions [104]. However, if a polar  apro t ic  solvent (di- 
methyl  sulfoxide, for  example) is used,  the react ion proceeds  even for  a lky l t e t rahydro-T-ca rbo l ines  under 
the influence of sodium meta l  o r  sodium cthoxide [105]. 
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While the acylat ion and alkylat ion of the acidic indole nitrogen proceed  through the format ion  of an 
anion and requi re  the p r e s e n c e  of s t rong  bases  (NaOC2Hs, Na, Nail, NaNH 2) and polar  aprot ic  solvents  (of 
the DMF and DMSO type),  these  reac t ions  for  the basic  piperidine ni t rogen atom proceed  readi ly  in the 
p r e s e n c e  of weak bases ,  which act  as a hydrogen halide accep tor .  Thus the action of fl -ch loropropionyl  
chlor ide in dioxane on 2 ,2 ,4 ,4 ,9 -pen tame thy l t e t r ahydro -y -ca rbo l ine  in the p r e sence  of po tass ium carbonate  
smooth ty  gives the cor responding  acyl  der iva t ive  (although the ni t rogen a t o m  is  shielded by methyl  groups),  
which was subsequently conver ted  to the fl -p iper id inopropionyl  der iva t ive  by success ive  t r e a t m e n t  with 
piper idine and ammonium hydroxide [106]. 

/ ' / ~ _ _ ~  N--C--(CH2)~CI 
... 2+ Ntl~OH 

1 

CH3 Cll3 0 
\ li 

~;" ,~,r,r,r,r,r,r,r,r~ N -- C -- CI12)~ I " 

Ell3 

Acylation with cyc lopropaneearboxyl ic  acid chloride was accompl ished  in the p r e sence  of piperidine [20]. 
The reduct ion of this  acyl  der iva t ive  demons t r a t e s  one of the  paths for  the p repa ra t ion  of 3 -a lky l t e t r ahydro-  
7 - c a r b o l i n e s .  

I t  

The d i rec t  alkylat ion of t e t r a h y d r o - 7 - c a r b o l i n e s  in DMF in the p r e s e n c e  of po tass ium carbonate  is also 
known. Thus,  under  t he se  conditions, it was poss ib le  to alkylate  the piper idine  ni t rogen atom of 4 - (p - f luoro-  
phenyD-4 ,4 -e thy lened ioxy- l - ch lo robu tane  [20, 107]: 

" DMF ~ ' . ~ / ~ n / V  �9 0 o 
1 I 

H2C--CII 2 

There are not examples of alkylation or acylation of 3H,9H-tetrahydro-T-carbolines (for which these 
reaotions at both nitrogen atoms might have been followed) in the literature. 

Rozan t sev  and Shapiro [108] isola ted a long-l ived f r ee  rad ica l  - 2 , 2 , 4 , 4 - t e t r a m e t h y l - l , 2 , 3 , 4 - t e t r a ,  
hydro-  7 - c a r b o l i n e  3 - oxyl (XXXI) - in the catalyt ic  oxtdat ion of 2 ,2 ,4 ,4 - t e t r amethy l -  1 ,2 ,3 ,4- te t rahydro-  7 -  
carbol ine  (XXVID with hydrogen peroxide  in the p r e s e n c e  of sodium tungsta te .  

- ~ "  v " C t l ~  I t  - - 3  

XIVII . ll}~l XXXII 

~ [ ~  CH3 CHa 

v ,.~ v ~CH 3 
I CII2--CiI2--CN 

Reduction of th is  rad ica l  gives 3 - h y d r o x y - 2 , 2 , 4 , 4 - t e t r a m e t h y l - t , 2 , 3 , 4 - t e t r a h y d r o - 7 - c a r b o l i n e  (XXX]]3, 
which is again oxidized to XXXI by a i r  oxygen. Hydrogenation of XXXI over  Raney nickel  gives the s t a r t -  
ing XXVII. Cyanoethylation of XXXI p roceeds  without involving the f r ee  valence [109]. 

Calculation of the N - O  f r agmen t  in such rad ica l s  by the Hfickel MO method and investigation of the 
ESR spec t r a  and dipole momen t s  have shown that  of the two poss ib le  resonance  s t ruc tu res ,  s t ruc tu re  A 
with an unpai red  e lec t ron  on the ni t rogen a tom makes  the ma jo r  contribution [110]. 

)N--O >~--0" 
A B 

The ~ m a x  band at  240 nm (~ 1500) in the UV spec t rum of rad ica l  XXXI co r r e sponds  to a lr--* ~* t r a n s i -  
tion, but Rozantsev  and Shapiro ass ign  the 2,ms x band at 460 nm (c 10) to an n--* ~* t rans i t ion  caused by ex-  
ci tat ion of the unshared  pa i r  of py2 e lec t rons  on the oxygen a tom with t rans i t ion  to a v* molecu la r  orbi ta l .  
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The most  in tense  ion peaks in the mass  spec t ra  of s imi la r  N-oxides are  (M-NO) +, (M-NO-CH3)  +, 
[M-NO-CH(CH~)] +, and (M-NO-CH3-C2H4)+;  this is evidence for  p r e f e r r e d  disintegrat ion via an imin-  
oxyl f ragment  [111]. 

Other radica ls  were  s imi la r ly  obtained f rom polyalkylated t e t r a h y d r o - 7 - c a r b o l i n e s  [109], and the i r  
antioxidant p roper t i e s  were  investigated [112]. 

A n a l y t i c a l  M e t h o d s  f o r  t h e  I n v e s t i g a t i o n  

o f  T e t r a h y d r o -  7 - c a r b o l i n e s  

In connection with the use of antihistamine prepara t ion  in medicine,  t e t r ah y d ro -T-ca rb o l i n e s  [pri-  
ma r i l y  Diazolin (D] have also been subjected to analytical  study. Microcrys ta l l ine  tes t s  and color  r e ac -  
tions that make it possible to distinguish it f rom other  antihistamine prepara t ions  have been descr ibed  for  
it [113-116]. Thus I r eac t s  with m e r c u r i c  chloride to give cha rac te r i s t i c  c rys ta l s  in the form of rose t tes  
and somet imes  dense needles,  but it r eac t s  with ammonium thiocyanate to give rose t tes ;  the sensi t ivi t ies  
of the methods are  0.25 and 0.57, respec t ive ly  [113, 114]. 

Of in te res t  is a combination of a t he rmomie roscop ic  method with a spec t rophotometr ie  method that 
makes  it possible to not only accura te ly  de termine  the melt ing point but also to investigate the absorpt ion 
spec t rum near  the melt ing point [117]. 

A yellow colorat ion with bromine  water ,  which is appreciable even for  a 0.05% solution, is ch a r ac t e r -  
is t ic  for  Diazolin [115]. The reac t ion  with fuming ni t r ic  acid, during which a gelatinous precipi ta te  that 
loses its ye l low-green color on heating and reacqu i res  it on cooling is formed,  is of cer ta in  analytical  
value [115]. 

A combination of paper  and th in - l aye r  chromatography with development with formal in  and sulfuric 
acid or with a modified Dragendorff  reagent [116] is used in the analysis  of mix tures  of an t ih i s tamineprepa-  
ra t ions .  According to our data, convenient solvent sys tems for  aluminum oxide and paper ,  respect ively ,  
a re  ch loroform : absolute alcohol (8 : 1) and butanol : acet ic  acid:  water  (10 : 1 : 10); these  sys tems make it 
possible  to distinguish d iverse  t e t r a h y d r o - 7 - c a r b o l i n e s .  
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