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Methods for the introduction of phosphorus-containing groupings into indole and its derivatives 
and the chemical  p roper t i es  and biological activity of phosphorylated indoles are  examined. 

If one takes into account the large role that various indole derivat ives play in the organism and also the 
broad spect rum of the biological action of organophosphorus compounds, the interest  in compounds that com- 
bine indole and phosphorus-containing f ragments  becomes understandable.  Natural. psilocybin, 3-[2-(dimethyl-  
amino)ethyl]indol-4-ol dihydrogen phosphate e s t e r -  the active principle of "Mexican" fungi - h a s  high psycho- 
genic activity and may serve  as an example of this sor t  of combination. 

Since a ra ther  large amount of indole raw mater ia l  from the coking p rocess  has not yet found extensive 
and intelligent application, the economic factor  involved in the development of r e s e a r c h  in this area  is also 
understandable.  

A relat ively small  number of review papers  have been devoted to the phosphorylat ion of indole [1-8], 
although the f i rs t  communicat ion appeared in 1930 [9]. in the present  review, mater ia l  on phosphorylated 
(phos)indoles is presented with respect  to types that differ with respect  to the posit ion of the phosphorus-  
containing substituent in the indole ring and encompasses  publications that have appeared p r io r  to the second 
half of 1975. 

1 - P h o s p h o r y l a t e d  I n d o l e s  

The methods for the synthesis of 1-phosindoles can be divided into two groups:  syntheses based onmetal  
derivatives of indole and the Arbuzov rea r rangement  from P(III) es te rs .  

Nucleophilic substitution by metal derivatives of indoles of the halogens in compounds with a P - H a l b o n d  
opens up possibi l i t ies  for the synthesis of diverse 1-phosindoles. Diverse l -b is (d imethylamido)phosphoryla ted  
heterocyeles ,  including indoles of the I type, were obtained in 1961 [10]: 

0 
I r " 

I O__p LN(CH.L ] NO [ ~ z j  2 

Esters (IT) of phosphoric arld thiophosphorie acids were similarly synthesized [11]: 

! 

X----P (OR) 2 
11 

X=O~S 

[ndolylmagnesium halides (III) a re  more  convenient than indolylsodium. It is well known, of course,  
that 3-substi tuted indoles are  more  frequently formed when they are used [6]. The authors of the present  
review were able to obtain both 1- and 3-phosindoles [12]: 

~ N ~  +C'PR2 ~ ~ O  (2) 
I I 
MgHnl O-----pR 2 

gl| R =CH2CI~OC6H 5 
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An analysis of a se r ies  of studies [6, 13-16] makes it possible to assume that the degree of ionic cha r -  
acter  of the N - M g H a l  bond in indolylmagnesium halides depends on external factors ,  par t icu lar ly  on the polari ty 
of the medium. 

tV 

In the examination of the s t ruc ture  of the ambident indole anion IV by means of the prineiple of soft and hard 
acids and bases  [17], the react ion center  at the nitrogen atom ean be defined as "hard" and the C 3 atom can 
be defined as "soft." In this ease it is completely understandable why "hard" acid chlorides - b i s  (ehlorometh- 
yl)phosphine oxide and diphenyl chlorophosphate [Eq. (2)] -- attack the 1 position of indole. 

A second possible method for the synthesis of l -phosindoles  is the e lass ical  Arbuzov rear rangement  
[18]. Thus es te r s  (V) of P(III) acids underwent rea r rangement  on react ion with 9-haloacylcarbazoles  [19]: 

I I 
O=C(CH2) n Hal V O=C(CH2) n IPI (OR)2 

O 

The react ion of phosphites V with 1-ohloroacetylindole also proceeds via a react ion of the (3) type. In 
this ease 1-indolylacyl phosphonates and phosphinates were isolated in 53-67% yields [12]: 

I ON 
O~--CCH~ P~ , 

2 - P h o s p h o r y l a t e d  I n d o l e s  

The number of described compounds of this type is small,  and this is probably associated with the lower 
react ivi ty of the 2 position with respect  to electrophil ic reagents as compared with the remaining positions of 

the indole ring. 

The authors of the present  review isolated 2-phosindoles VI instead of the expected 3-substituted com-  
pounds in the condensation of phosphorylated acetals with arylhydrazines  under the conditions of the Fischer  
react ion [20, 21]: 

ROx ,, ~R'" 
,/P(CH2)n cH(OR )2 + H2NNH - - i , - .  

R O 
r- /OR~ 
| ( ~  CH(CH2) n P~ , / [ ~ ( C H 2  )n 1 /OR] 

L R - ~L'~-'~p~N'N H u J ~ LR'II ~ . ~ N  ~ H - P " R ' |  J 

" R ' " ~ ' ~ / ~  /OR (4) 
~N / "( CH2 )n_l i~=. " H R ~ 

Vl 

This fact was explained by in t ramolecular  r ea r rangement  of the initially formed "normal"  F ischer  r e -  
action products .  In t ramoleeular  r ea r rangement  was f i rs t  observed in the indole ser ies  in 1888 [22]. The 
mechanism of r ea r rangemen t s  of this sor t  has been discussed in detail in the case of alkyl-,  a ry l - ,  and acyl-  
indoles [23, 24]. The proposed mechanism also successful ly  explains react ion (4). 

Compounds of the VI type were obtained f rom the authentic 3 i somers  [25] by heating the lat ter  with an- 
hydrous zinc chloride in order  to prove the possibi l i ty of the occur rence  of secondary rea r rangements  in the 
phosindole se r ies .  2-Phosindoles differ f rom the 3 derivatives with respect  to their  higher melting points; 
the VNH and Vp= O absorption frequencies in their  IR spect ra  are  shifted to the long-wave region, and this is 
in agreement  with the data in [26]. 

Similar  i somer iza t ion  of diphenyl (3-indolyl)phosphine to diphenyl (2-indolyl)phosphine occurs  when the 
f o r m e r  is heated in polyphosphoric acid (PPA) [12]. The mechanism of the react ion in this case probably also 
does not differ f rom the mechanism proposed in [23, 24]. 

(2-Indolylmethyl)phosphonium iodide (VII), (2-tryptopholylmethyl)phosphoriium salts (VIII), and diethyl 
(2-indolylmethyl)phosphonate (IX) were subjected to react ion with aromat ic  aldehydes and 4-piperidone (X) in 
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order  to study the behavior  of phosphinomethylenes eoSain ing  indole f ragments  in Wittig react ions [27, 28]. 
In this case  it was observed that phosphonium salts  (for example, VII) react  with ketone X to give adducts: 

+ 

CH2P(C6Hs) 3 Vll H I- 

(CsHs) 3 
VII! i -  

-  .Lj. 
H �9 

~CH2 IPI (OC2H5)2 
IX. O 

(5) 

A react ion of the (5) type was not observed in the ease of phosphonate IX. The reason  for this, as Eenk- 
hoorn and co -worke r s  validly assume [27, 28], consis ts  in an increase  in the acidity of the NH group and a de- 
c rease  in the C - H  acidity of the methylene protons of phosphonate IX as compared with phosphonium salts 
VII and VIII. 

An interest ing method for the prepara t ion  of indoles with a phosphonimide grouping consis ts  in the re -  
duction of substituted # - (2-n i t robenzoyl ) -2 -n i t ros ty renes  With t r iethyl  phosphite (V) [29]: 

+ V 
R ~  N=P(OC2H5) 3 

H ~ ~ , ~  

3-  P h o s p h o r y l a t e d  [ n d o l e s  

Calculations of the e lec t ron density distr ibution in the indole molecule [30, 31] show that the 3 position 
is the most  react ive with respect  to electrophil ic reagents.  Most of the synthesized indoles, including also 
the phosphorus-containing compounds, are  the 3 derivat ives.  

3-Phosindoles can be divided into three  types with respect  to the posit ion of the phosphorus-containing 
substituent relat ive to the indole ring: compounds with a P - C  3 (indole) bond, phosskatoles,  and others.  The 
mater ia l  in this section is presented in this order .  

A convenient and promis ing  method for the synthesis of compounds of the f i rs t  type is nucleophilic sub- 
stitution at the phosphorus atom by means of indolylmagnesium halides ([II). This sor t  of react ion was the 
f i rs t  example of the synthesis  of phosindoles [9]: 

lit MgHal 

Tri (3-indolyI)phosphine oxide CKI) was s imi la r ly  obtained subsequently by the use of phosphorus oxychloride 
in place of phosphorus t r ichlor ide  [32] : 

XI 
t ~  P(O)OH 

Di(3-indolyl)phosphinic acid (XII) was detected along with phosphine oxide XI. Its format ion was explained by 
the initial generat ion of di(3-indolyl)chlorophosphinate,  which was hydrolyzed to acid XII during isolation. 

Diverse 3-phosindoles - p h o s p h i n e s  XIIIa, phosphinites XIIIb, phosphonites XIIIc, phosphine oxides XIVa, 
phosphinates XWb, and phosphonates XWc - can be obtained by react ion of the products  of indolylmagnesium 
halides III with t r i -  and te t racoordinated phosphorus acid chlorides [33]: 

CIPRR" 
~ - P R R '  " ~" I " ~ - E - -  P R R' C}PRR' ill O ~- (7) 

H N 

XIII a - c  •  a - c  
XIII~XIV a. R;R';Ap; b R=AIkTR'=OAIK;C R ;RI=OAIk 

The C 3 atom - the "soft" center  of the indolylmagnesium halide - is attacked by the relat ively "soft" chlorides 
of P(III) and P(TV) acids. This is probably an acceptable explanation of the occurrence  of react ions (7) in the 
indicated direction. 
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A relat ively simple method for the prepara t ion  of (2-methyl-3-indolyl)phosphonic acid dichloride (XVI), 
which consis ts  in the react ion of 2-methylindole (XV) with phosphorus pentachloride,  has been proposed [34]: 

O 

CH 3 v ~N ~ -CH 3 
H 

XV XVl 

Powers [34] assumes  that dichloride XVI is formed as a result  of electrophilic attack of PC14 + on indole XV. 
However, the method of isolation of XVI is ra ther  "peculiar ,"  since it includes a step involving t rea tment  of 
the acid chloride with potass ium carbonate and aqueous alkali. This "peculiari ty" is augmented to an even 
g rea te r  extent when one examines another paper by the same author [35], in which hydrolysis  of XVI with aque- 
ous potass ium carbonate solution led to cleavage of the phosphorus-containing fragment  f rom the 3 position of 
indole and isolation of start ing indole XV. Of course,  it is well known that the calculated amount of water  [38] 
or  ice-cooled hydrochlor ic  acid [39] is used in the prepara t ion  of organodiehlorophosphonates by the K i n n e a r -  
P e r r e n - C l a y  method [36, 37] to decompose the complex consisting of phosphorus trihalide,  alkyl halide, and 
anhydrous aluminum halide. However. it is well known that the chlorides of phosphorus acids are  extremely 
sensitive to t r aces  of mois ture  [40]. 

Powers  [35] feels that the above-indicated loss of a substituent f rom the 3 position is a general  react ion 
for 3-phosindoles.  He has proposed a hydrolysis  mechanism consisting in the convers ion of dichloride XV[ to 
tautomerie  indolenine XVII in alkaline media or  to indolenine salt XVIII in acidic media; X'VII and XVIII then 
lose phosphorus:  

H 3 
,2co~ F.~"'-.-----L p cj. i 

X V I - - - I  XVII H XV 

L H J 
XVIII 

It should be noted that cleavage of a substituent f rom the 3 posit ion of phosindoles has not beenobserved 
in a number of studies [41-43]. 

In all likelihood, the production of phosindoles by means of PC15 can hardly be classified, in general ,  with 
convenient methods for the phosphorylat ion of indole. The formation of only the (2-indolyl)acyl chloride was 
observed in the react ion of indole-2-earboxyl ie  acid with PC15 [44]. Ethyl indole-2-carboxylate  was converted 
to corresponding 3- and 6-chloro derivat ives  on t rea tment  with PC15 [45]. 

The prepara t ion  of diethyl (2-phenyl-3-indolyl)phosphonate (XX) f rom 1-hydroxy-2-phenylindole (XIX) 
and tr iethyl  phosphite (V), which presumably  proceeds  via a homolytic mechanism,  has been described [46]: 

+ ~ ~ 1 ~ ~ ~  
()H H ~ 5 

XIX XX 

-Isatin (XXI) adds dial]~] phosphites ~XI I )  to the carbonyl oxygen atom in the 3 position to give 2-oxo-3- 
hydroxyindolyl phosphonates [47]. 

OH 

,~"~-. ---~~ ~... ~ P,, OR' >~ 

R 
XX: XXII 

The oxygen in the 2 posit ion does not undergo reaction, since it has amide charac te r .  In the case of t r i -  
ethyl phosphite, isatin (XXI) underwent react ion to the extent of a ratio of 1 : 2 to give a compound with an oxy- 
phosphorane s t ruc ture :  

, O R  I , 
R O-.p~ OR 

O ~ ~ O  

o2 �9 
R R 
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The product  CKXIII) of the react ion of 1-e thyl -2-oxo-3-methyleneindole  with triphenylphosphine dihalide 
is a 3-phosindole [48]. 

The nitrat ion of a t r iphenyl(1-methyl-3-indolyl)phosphonium salt with nitric acid at 0 ~ led to the c o r r e -  
sponding 6-nitro derivat ive {XXW) [49]: 

-oP(C6Hsh ~~_(%Hs)s 
O2NA~..~,.. N) t 

C2H5 CH 3 
XXlll XXIV 

Skatole der ivat ives  occupy a significant posit ion among 3-phosindoles.  The react ion of quaternar ized 
Mannich bases  with P(III) derivatives was found to be a convenient method for the prepara t ion  of phosskatoles.  
T rans fe r  of the onium function from nitrogen to phosphorus presumably  occurs  in these react ions [50]. For  
example, skatyl t r imethylammonium iodide CKXV) forms skatyl phosphate XXVI when it is heated with tr iethyl 
phosphite W) [25]: 

+ - ~ CH2P(OC2H5)31 CH 2 (OC:,H5)::, (8) CHzN(CH3)3I + V ~  ! ..._ 

~ - ~ N  / , --C2HsI 

XXV R R R XXVl 
N-Methylskatyltr iphenylphosphonium iodide is obtained via a mechanism s imi la r  to that of react ion (8) 

[50]: 

-+- P (C6H5) 3 CH 2 C6H5) 3 
XXV _ N (CH3)3 

R =CH 3 

One ester  group was saponif ied to give acid ester  ~ V l I  in  the course of severa l  t rans fo rmat ions  of 
phosphonate XXVI, par t icu la r ly  in the case of hydrolysis  with aqueous alkali: 

[ ~  C H:,P~. OH 
~) OC2H$ 

i~1 XXVtl 

The hydrolysis  of d ies ter  XXVI in acidic media led to destruct ion of the molecule.  Saponification of both es te r  
groups of XXVI to give skatylphosphonic acid XXVI[I occurs  during alkaline hydrolysis  under p r e s s u r e  at high 
t empera tu re  [41]. Veldstra  and van der  Westeringh [41] were unable to effect acid hydrolysis  of phosphonate 
X.~v'I, since, in the i r  opinion, it is unstable in acidic media. It has been reported in a patent [51] that acid 
XXVIII is obtained when dies ter  XXVI is heated in a mixture of acetic and hydrochloric  acids:  

XXVItl 

Convenient methods for the synthesis  of hydroxy-  and aminoskatyl phosphonates have been developed on 
the basis of formylindoles XXIX. Thus hydroxyskatyl  phosphonates XXX were formed in 60-65~ yields in the 
react ion of the la t ter  with dialkyl phosphites XXII in the presence  of catalytic amounts of t r ie thylamine in 
acetonitr i le  [52] or  dimethylformamide (DMF) [53]: 

OH 

-t- ( ~ )~' 

I i 
R R 

XXII XXX a~ b 
x x x a  7 b; a R=H~b R=COCH 3 

(9) 

The alkaline hydrolysis  of dies ter  XXX under mild conditions made it possible to obtain a hydroxyskatyl-  
phosphonic acid monoes ter .  Phosphonate XXX readily forms alkoxides. The lat ter  were converted to the co r -  
responding ethers  and es te r s  by react ion with alkyl and acyl halides [53]. 

Aminoskatyl phosphonates XXX[ were obtained in 50-60~,c yields via the scheme [54, 55] 

O 
II , .  

C'~"~r'-----:r- C H -- P ( OR )4 (10) 
XX,X + X• +- HNR"R'" " ~ , ~ , , , , J  I~R"R" " 

XXX a-• R XXXI 
XXX a R"=R"~=H ~ b R"--HtR"I:AI~.; e R"=R" :AIK 
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The cor responding  [mines  or  p roducts  of the addition of the amine  to the aldehyde group, which on subsequent  
reac t ion  with phosphite  XXII a re  conver ted  to phosphonates  XXXT. a r e  initially formed,  depending on the nature  
of the amine .  

Pyrazo ly l - subs t i tu t ed  skatyl  phosphonates  we re  obtained as a r e su l t  of the addition of phosphite  XXH to 
a conjugated s y s t e m  [56]: 

O = P(OR' )2 

~1,.~.~.. N ~J HO/I'~.N/N 
H t 

C 6H4 R 

- ~ C H ~  --TI- C H3 + XXII 
O:::~N ,-N 

H C6H 4 R 

One can a lso  include 3- indolylmethylenephosphine [57] 

~ C H---~P (C6H5} ~ 

CH 3 

and products  of F i sche r  cycl izat ion (XXXIII) of l -phenyl-2 ,3-benT.ophosphor inan-4-onc [58] and l -phenylphos-  
phor inan-4-one  (XXXII) among the phosska to les  [59]: 

H 5C ~;'PL,v~ 0 -.F H 2 N N H . ~  R = H s C I s ~ ~  R 

H 
XXXll XXXll[ 

It has been shown in a number  of pape r s  [60-62] that the b iosynthes is  of t ryptophan occurs  in m a n y m i c r o -  
o rgan i sms  through (3-indolyl)glyceryl  phosphate  (XXXIu The synthes is  of phosphate  XXXIVhas beenworked  
out by reduct ion of diphenylI2.3-dioxo-3-  (3-indolyl)propyl] phosphate (XXXV), obtained in turn  f rom 3-diazo-  
pyruvolyl indole  [63], with po tass ium borohydr ide :  

~ C  --C--CH,,N~ r /~ ' :y~--~-  C-- C-- C H20 p (O CsH5)2 
IJ It " " 4 -  H O P ( O C B H 5 )  2 ~ I II II II II II II ~ N  ~j 0 0 0 ~I,.~..~.~N.,P 0 0 0 

H H XXXV 

K B H 4 ~ CH (OH)CH(OH )CH20 IPI:OH) 2 

H XXXIV 

The alkylating abili ty of quatern ized  1VIannich ba se s  has been  used for  the p r e p a r a t i o n  of [3 -ke to-3- (3-  
indolyl)propyl] phosphonates  (XXXVI) [42]: 

R" + - R" ~ C C H 2 C H t N ( C H . )  2 Ha! ~ C C H . C H . P ( O R ) .  (11) 
~J..~L.J ~ ~,,, o +v ~ l II~I.~/U...N#II 0" " ""o " 

~' R' XXXV, 
The m e c h a n i s m  of reac t ion  (11) is s i m i l a r  to that p resen ted  in Eq. (8). Acid e s t e r  XXXVII is fo rmed  by a lka-  
line hydrolys is  of d i e s t e r  X~AXVI and is conver ted  to dibasic acid XXXVIII by acid hydrolys is .  In this case  it 
was noted that alcohol ROH, which is l ibera ted  during the hydrolys is ,  a lkyla tes  the ni trogen atom when R' =H: 

H I 
R':H, R=C2H 5 XXXVII C2H5 X.XXVIII 

Acid XXXVIII ex is t s  in lactol  f o r m  X:XXIX in the solid s ta te .  

OH O 
R'~,,~. JCH H 11 , "~"~:r"~-r~. 2C 2C- P--OH r ~ " ~  C CH~OP(OR )~ 

L- o I "o" ""o " 

I~' XXXiX R XL 

Keto phosphates  XL, obtained by reac t ion  of 3-hydroxyacetyl indoles  with phosphorus  acid chlor ides ,  
have been desc r ibed  [64]. 

The synthes is  of d ie thyleneimides  (XLI) of phosphoric  and thiophosphoric  acids was rea l ized  during a 
s ea rch  for  subs tances  that have rad ia t ion-pro tec t ion  [65] and cytosta t lc  [66] act ivi ty  [67, 68]: 
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R _ _ . ~ y _ _  NH 2 PXCl 3 ~ y - - N  HPCl2 HN'~ ~ "~',-~--',- Y-- N H P ( N~ '~ 
.R. .~N,~ ~ N(C2H5)3 j,, R - ~ J  ~ \  "1 '2 

H H XLI H 

I I 
R : H;OCH3~CH 3vF,CI 'aBP; X:O,S,~ Y=(CH2) n(13 = I - 4 ) ~ - - C H - - C O O C H  3 f--CH2"- 'CH--CH 3 

The preparation of phosphorus-containing formylindole acylhydrazones has been reported [69]. Replace:  
meat of the oxygen atom by a phosphorus atom, as a result of which 4- (3-indolyl)phosphorines (XLII) are formed, 
occurs  when 3-indolylpyrylium salts are treated with tris  (hydroxymethyl)phosphine in absolute pyridine in a 

nitrogen atmosphere [70]: 

R R R 

' | r'~ P(CH2OH)2 
,qi~'+ o o 

~[~ ~ R  ,. R .:..,,,F. /j~/j...R_.tT v P(CH2OH) 3 ~ I 

-:... '-..~J CIO~" N'; 
i i 

�9 '" R I R~ XLII 

Sheinkmaa and co -workers  have developed methods for the introduction of s ix -membered  nitrogen-con- 
taining heterocvcles  in the indole ring in the presence  of phosphorus acid chlorides [71-74]. 

N-Phosphorylisoquinolinium salts,  which hetarylated indole even at room temperature,  were found to 
be the most  active compounds, l>yridine and, particularly,  quinoline were found to be considerably l e s s  active. 

\~.lq -J'- 

+cPR  CI- 
I" a-- R'R" 

0 L O J 
XLHI 

~ ' - ~ . . ~  N / 0 / / P  R ' R' 
H H 

X L I V  

D e r i v a t i v e s  w i t h  P h o s p h o r u s - C o n t a i n i n g  S u b s t i t u e n t s  

in  t h e  B e n z e n e  R i n g  o f  I n d o l e  

In connection with the high physiological  activity of psi locybin [75-78], it was natural to anticipate the 
synthesis of substances with a s imilar  structure. 

A number of studies in this direction were made by Suvorov and co-workers  [79-84]. Thus the develop- 
ment of a method for the protection of the amino group of serotonin (XLV) [80] made it possible  to se lect ively  
introduce a phosphorus-containing substituent in the 5 position of indole [79]. The trityl protective group was 
removed by treatment of phosphorylation product XLVI with 50~ acetic acid, as a result of which O-substituted 
and unsubstituted serotonin phosphates (XLVII-XLIX) were formed: 

RO,,. 
r.;>- .'-,:T----m- C H2C H 2 N H TF ~ , ~ / ~ - O ~ c H , ) C H 2 N  HTP 

+ C I P ( O R ~ .  n ~ .  O , !1 I I  " t !t fi 

h H 
XLV X L V I  

RO,~ 

. ~ C:,-13COOI.4 " ~"~"'J"~ NH "" H2~ pd / c  

- O \  XL'~ h XLVll b 

l,- RO/'~-- O ' ~  + CH2CH2NH3 

N 
XLVHI 
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C6HsC H~2:/~--O~ C: H2C H2N H Tr ... 

HTs._ 
"~'- ~N v "N, " 

H H 
XLIX 

XLV a R'=Hib R~=Na XLVI a R=C2Hs; b R=CH2C6Hs;C R=C6H4NO2-4 
XLV{I a R=CBH.~; ~ b R=C6H4NO2--4 XLVIII a. ~=CH2C6H5}b R=CBH4NO2 -/-, 

5-Phosindol ines  and 5-phosindoles  were  obtained when 1-benzyl-5-1ithioindoline (L) was used [81-84]. 
In addition to the pr incipal  reac t ion  products  - dimethyl  1-benzyl-5- indol inylphosphonate  (LT) - t r i s  (1-benzyl-  
5-indolyl)phosphine oxide (LID was isolated f rom the reac t ion  of indoline L with dimethyl  chlorophosphate.  
The fo rmat ion  of LIT was explained by reac t ion  of indoline L with the e s t e r  groups  of the chlorophosphate;  this 
p robably  r equ i re s  m o r e  detai led proof .  

o 

+ - - ' -  L-.. J + I L-.. / o v - . ,  \ v - ~  ] 
CH2CsHsJ cH2cs~s. \ CHz%H~/~ 

L LI 53~ LII 137301. 

The indoline s y s t e m  was conver ted to the indole sy s t em by refluxing LI in xylene over  10% pal ladium 
on carbon  in a s t r e a m  of hydrogen:  

(CH30)2 P ~  (CH3O) 2 

CH2CBH 5 H 
LIII 14"/o LIV 38al0 

The yield of indole LTTI was r a i sed  to 33~ by dehydrogenat ion of indoline LT with chlorani l .  

B i o l o g i c a l  A c t i v i t y  of  P h o s i n d o l e s  

Most of the l i t e r a tu re  on this  topic has been  devoted to the p rob l em assoc ia ted  with the affect  ofpsi locybin,  
which, in doses  of 0.08 m g / k g ,  p roduces ,  in humans,  l ively hallucinations usual ly of a p leasan t  (more r a r e l y  
frightening) c h a r a c t e r  [77 , 78]. 

The fungicidal,  insect ic idal ,  and a sca r i c ida l  act ivi ty of 1-indolyl amidophosphonates  I is in fe r ior  to that 
of many compounds used for  these  pu rposes  [10]. 

Data on the toxici ty of phosca rbazo l e s  with r e spec t  to warm-b looded  an imals  have been p resen ted  [19]. 

Dialkyl skatylphosphonates  XXVT have been studied as analogs of natural  me tabo l i t e s  [41]. The re  is an 
indication that  acid XXVIH and its sa l t s  have been found to be antagonists  of heteroauxins  [51]. 

The an t imicrobia l  act ivi ty of hydroxyskatyl  phosphonates  XXX has been repor ted  [53]. 

Dialkyl{5-indolyl) phosphonates  [81] have ex t r eme ly  low serotoninl ike  act ivi ty  (they a r e  in fe r ior  to 
serotonins  by a f ac to r  of m o r e  than 10,000 with r e spec t  to the i r  spasraogenic  activity) and ant iserotonin  p rop-  
e r t i es ,  but they do not have a ehol inomimet ic  effect.  

P rob l ems  involving the phosphatase  act ivi ty of 3-indolyl and 5 -b romo-3- indo ly l  phosphates  in t i s sue  
were  elucidated in [85]. 

4 -Ch lo ro -5~bromo-3- indo ly l  phosphate  has been detected in b iochemica l  subs t r a t e s  [86]. 

The s t ruc tu re  of a s t r ep tomyc in  metabol i te ,  which includes t ryptophan and a phosphate  grouping, was 
recent ly  es tabl ished [87]. 

1 ,  

2. 
3. 
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