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Curt ius  r e a r r a n g e m e n t  of azides of 3- indolyla lkanoic  acids gave 3-indolyl  i socyana tes ,  which 
were  conver ted  to u reas  by the action of ammonia  and amines .  Urethanes  were  obtained by 
a lcoholys is  of 3- indolyl  i socyanate ,  and 1- (3- indoly l ) -2-aze t id inone  was obtained by reac t ion  
with d iazomethane.  Hydro lys i s  of 3- indolyl  i socyanate  and hydrogenolys is  of its benzylure thane  
gave 3-aminoindole  hydrochlor ide ,  which was c h a r a c t e r i z e d  by synthes is  of the monoace ty l  
der iva t ive .  

3-Indolyl  i socyana tes  (IV-VI) were  obtained by Curt ius  r e a r r a n g e m e n t  of azides  of 3- indolylalkanoic  
acids (I-III) .  

~ ( C H 2  n)~-C< O (Cfl2)nC<: 3 r --~ 
NHNH 2 llNO~ 

It H H 

VII-IX I-Ill IV-VI 

l,lu n=0; II, V, VIII n=l;  IIl, Yl, IX n=2 

The r e a r r a n g e m e n t  of azides  I - I I I  was p rev ious ly  used only for  the p repa ra t ion  of der iva t ives  of i so -  
cyanates  I V - V I -  urethane [2-, N, N-d imethy l -3 - indo ly lace tamide  [3], and t ryp tamines  [4, 5]. I socyana tes  wer, 
were  not obtained in individual form,  apparent ly  because  of the difficulty involved in isolation of V and VI 
f rom solution. 

Manske and Robinson [6], who did not i so la te  i socyanate  VI a f t e r  heating azide III in benzene,  obtained 
t e t r ahydroca rbo l ine  by bubbling hydrogen chlor ide  into the reac t ion  mix ture .  

We obtained i soeyana tes  IV-VI in 84-95~ yields by heating azides I - I I I  in benzene for  2-5 h, and V and 
VI were  isola ted by vacuum evapora t ion  at no higher than 15~ When the benzene was evapora ted  at  h igher  
t e m p e r a t u r e s ,  ins tead of i socyanates  V and VI we obtained subs tances  that did not have individual mel t ing  
points .  

The absorpt ion  bands of the - N  = C = O group in the IR s p e c t r a  of IV-VI lie at  2265-2300 cm -1 [7], 
and the absorpt ion  band of the indole NH bond l ies  at 3400-3450 cm -1. The absence  in the PMR spec t ru m 
[in (CD3)2S = O + CC14 (1:2)]  of indole 3 -H signals  at  6.4 ppm [8] and the p r e s e n c e  of a 2-H doublet at 7.5 
ppm, which is conver ted  to a s inglet  with the s a m e  chemica l  shif t  a f t e r  CD3OD is added to the solvent,  
conf i rms  the 3 - indoly l - subs t i tu ted  s t ruc tu re  of i socyanate  IV. 

The m a x i m u m  peak in the m a s s  s pec t rum of IV is the molecu la r  ion peak (M +) with m / e  158, the 
subsequent  f ragmenta t ion  of which is c h a r a c t e r i z e d  by the following f r agmen t  ions: 158, 157, 130,129,  

*See [1] for communica t ion  CVII. 
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TABLE 1. Azides I - I I I  and X 

C o m -  
p o u n d  

I 
II 

III 
X 

rap, ~ C 

142--144" 

s2=835 
109--110 

IRspectra, em-I 
C=O N~ 

1680 2160 
1720T 2145~ 
1705 2160 
1680,1760 2165 

! Yield, 
NHindole i % 

3250* l 96 3490T 
3440 85 

- -  96 

*According to [2], this compound has mp 144 ~ and indole NH ab-  
sorpt ion  at 3250 cm -1. 
Tin CCI 4. 
tAccord ing  to [6], this compound has mp 83 ~ 

128, 117, 116, 115, 103, 102, 90 and 89. 

M + - H  (M_H)+ 
158 157 

1 
( M - C O l  § ~ m/e t29 

130 " 1 
I-HCN m/e Io2 

.m/e =on 

I -HEN 

m/e 18 

The max im um  peak in this m a s s  s pec t r a  of V and VI is the peak  of a f r agmen t  ion with m a s s  130. 
The molecu la r  ions of V and VI (with m a s s  172 and 186, respect ive ly)  a re  the second l a r g e s t  peaks  in the 
spec t r a .  The f ragmenta t ion  is cha r ac t e r i z ed  by the following ion peaks:  V 172, 130, 129, 128, i17, 116, 
115, 103, 102, 90, and 89, VI 186, 130, 129, 128, 117, 116, 115, 103, 102, 90, and 89. 

Azides I - I I l  were  obtained f rom the hydrazides  of indo le -3-carboxyl ic  acid (VII), 3- indolylacet ic  acid 
(VIII), and 3-indolylpropionic acid (IX). A z i d e l i s  s table  at r oom t e m p e r a t u r e .  Azide II can be s tored  with- 
out decomposi t ion only in e ther  or  benzene solution at 0% In the absence of a solvent,  azide III undergoes  
slow decomposi t ion at r oom t e m p e r a t u r e .  

The absorpt ion band of an N 3 group l ies  at 2145-2160 cm -1 in the IR s p e c t r a  of azides I - I I I .  

In o rde r  to s impl i fy  the synthes is  of der iva t ives  of the i socyanates ,  we obtained the azide of N - c a r -  
be thoxyindole-3-carboxyl ic  acid (X) d i rec t ly  f r o m  indole -3-carboxyl ic  acid through its  mixed anhydride with 
ethyl ch loroearbonate  and sodium azide.  We were  unable to obtain the N-unsubst i tuted azide by this method.  

o ~ - h , . _ _ ~ _ ( .  N CO c.cooc...c... N coN3  
~ . ~ . N  ~ Na% 

COOC.~H s COOC~H 5 

X XI 

Like N-unsubst i tuted azides I - I I I ,  azide X is r e a r r a n g e d  to i socyanate  XI, which readi ly  fo rms  the 
N-ca rbe thoxyurea  (XII) and N-unsubst i tuted u rea  XIII by subsequent  alkaline hydrolys is  of the l a t t e r .  

Urea s  XII, XIII and XIX-XXVI were  obtained f rom isocyanates  IV-VI and XI and a number  of aliphatic 
(XIV-XVI) and a romat ic  (XVII-XVIII) amines .  

'RLR2NH 
XIV-XVlll 

IV-VI, XI 
[~(CH~)nN H CO N RJR~ 

I 
R 

"XII, XIII, XIX-XXIV 

XIV, XII n= 0, R=COOC~Hs, RX=R2=CH3; XIV, XIII n=0, R=H, RI=R2=CH3; XV, XIV n= 0, R=RZ=R2=H; 
XVI, XX n=0, R=H,R I=R 2=CISH3T;XVII,XXIn=0,R=R I=H,R 2=CsH s;XVII,XXIIn=I,R=R ~=H,R 2= 
CsHs; XVII, XXIII n=2, R=RI=H, R2=C6H5; XVIII, XXIV n=0, R=RI=H, R2=3,4-CI2CsH3 

Alcoholysis  of i socyanate  IV with alcohols XXV-XXVII gives ure thanes  XXVIII-XXX: 
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TABLE 2. I socyana tes  IV-VI and XI 

Corn- mp, ~ IR spectra, cm-X Yield, % 
pound c=o N=C=O NHindole 

IV 
v 

vI 
xI 

52--53 
70--72 
76~78 
44--45 1750 

2300 
2265 
2280 
2270, 2290 

3400 
3420 
3450 

Based  on hydraz ide  VIII. 

95 
84* 
84 
88 

ROH 
XXV-XXVII ~ N H C O 0 ~  

IV XXVIII-XXX 

/ N - - C = O  

CH2N2 , ~ J [ ~ ' ~  CH2--CH 2 
H 

XXXI 
XXV, XXVIII R = CsH s; XXVI, XXIX R = CH(CH3) 2; XXVII, XXX R = CHsC6H s 

The absorp t ion  band of ca rbonyl  groups  l ie  at  1680-1700 cm -1 in the IR s p e c t r a  of ure thanes  XXVIII- 
XXX, the NH band is found at 3270-3300 cm -1, and the indole NH band l i e s  a t  3380-3400 cm -1, 

As in the case  of phenyl i socyana te  [9], i socyana te  IV is conver ted  to a l a c t a m  (XXXI) Under the in-  
fluence of an e the r  solut ion of d iazomethane ,  but  the y ie ld  is  lower  (~ 5% ). The absorp t ion  band of a c a r -  
bonyl group l ies  at  1730 cm -1 in the IH s p e c t r u m  of l a c t am XXXI in CHC13 and this is  in agreement  with 
the l i t e r a t u r e  data  for  f i - l ac tams  [10]. The m a x i m u m  peak in the m a s s  s p e c t r u m  of XXXI is the m o l e c u l a r  
ion peak with m a s s  186. The PMH spec t rum conta ins  s igna ls  of two CH 2 groups  as t r i p l e t s  at 3.0 and 3.6 
ppm. 

Hydro lys i s  of i socyana te  IV with hydroch lo r i c  acid  in t e t r a hyd r o f u r a n  (THF) gives 3-aminoindole  
hydroch lo r ide  (XXXII). 

IV 

XXX 

HC1, THF 

H2/Pd 

+ 

~ ~  NH~]CI (CH3CO)20 CH3COO Na ~ NHCOCH3 

H fl 
XXXII XXXIII 

In c o n t r a s t  to the other  amines  of the indole s e r i e s ,  the l i t e r a t u r e  does not contain informat ion 
r e g a r d i n g  the p r e p a r a t i o n  of this  amine  except  for a paper  by Madelung [11], who obtained the amine by 
reduct ion  of the sodium s a l t  of i son i t ro so indo le  and ident i f ied  i t  as the hydroch lo r ide  and ace ty l  de r iva t ive  
from. the r e s u l t s  of e l e m e n t a r y  ana ly s i s .  The phys ica l  constants  that we obtained for  amide  XXXIII a r e  
in a g r e e m e n t  with those  obtained by  Madelung.  

Hydroch lo r ide  XXXII was a l so  obtained by  hydrogeno lys i s  of u re thane  XXX over  P d / C .  We were  
unable to i so la t e  and ident i fy the amine  in the fo rm of the f ree  ba se  because  of i ts  ins tab i l i ty .  

The NH 3 deformat ion  v ib ra t ions  in the IR s p e c t r u m  of hyd roch lo r ide  XXXII l ie  a t  1620 cm -1, the 
NH 3 s t r e t ch ing  v ib ra t ions  a r e  found at 2640 cm -1, and the indole NH absorp t ion  l i es  at  3350 cm -1. The 
PMB s p e c t r u m  does not contain an indole 3-H s ignal  at 6.4 ppm but does contain an 2-H s ignal  as a doublet  
at  7.5 ppm. 

U r e a s  XItI, XX, and XXIV were  t e s t ed  as growth s t i m u l a t o r s  on a suspens ion  cu l tu re  of tobacco 
t i s s u e .  Accord ing  to the r e s u l t s  obta ined by K. Z. Gamburg  (Inst i tute of the Phys io logy  and B i o c h e m i s t r y  
of P lan t s ,  S ibe r i an  Branch,  Academy  of Sciences  of the USSR), the t e s t ed  subs tances  a r e  mode ra t e ly  ac t ive  
in r e t a r d i n g  the growth of the t i s s u e  and do not d i sp lay  auxinie p r o p e r t i e s .  Accord ing  to the r e su l t s  ob-  
ta ined  by the d iv i s ion  of chemothe rapy  of the S. Ordzhonik idze  Al l -Union  S c i e n t i f i c - R e s e a r c h  P h a r m a c e u t i c a l  
C h e m i s t r y  Ins t i tu te  (under the s u p e r v i s i o n  o~ A s s o c i a t e  M e m b e r  of the Academy  of Medica l  Sciences  of 
the USSR G. N. Pe r sh in ) ,  XIII does not inhib i t  the growth of t u b e r c u l o s i s  b a c i l l i  (H-37 RV s t r a in )  and does 
not have a n t i b a c t e r i a l  ac t iv i ty .  
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TABLE 3. 3 - Indo ly lureas  XII, XIH, and XIX-XXIV 

Com- m p . C ,  I Empirical pound[ . formula 

XII 
XIII 
XIX 
XX 

XXl 
XXI I 

XXIII 
XXiV 
*Co~ 

[60--16 
.)20--22 
.)35--23( 
85--86 
.)25--221 
1.95-- 191 
180--18 
~15--211 
~untI~ 

CI4HtrNa03 
CliH1aNsO 
CgH~NsO 
C4sH81N30 
C,sHI~N~D 
CisH,sN30 
C,~H,rNg:) 

S,% 
I 
I 

fouad I ealc. 

15,1 15,3 
20,9 20,7 
24,2 24,0 
6,0 6,2 

17,0 16,7 
15,8 15,5 
15,1 15,0 
13,0 13,1 

IR spectra, cm "1 

-cdO [ NH 

\s< i 
i 

1650, 1740 3350 
1640 3230 
1640 3370,3260 
1640 3220 
1645 3330 
1640 3320,3400 
1650 3320. 3350 

z 

83 3~o I 8, 
3420 85 
3420 80 
3400 89 
3420 96. 
3400 85 
3400 . Ct~HnN3OCI ~ 1640 3300 95 

XIL XIII, and XIX-XXIV were  pur i f ied by r e c r y s t a l l i '  
zation f r o m  aqueous alcohol.  

T e s t s  showed that  XXXII in doses  of 0.4 m g / k g  does not have rad ia t ion-pro tec t ion  act ivi ty  under  
conditions of s t rong 5 i r rad ia t ion .  

E X P E R I M E N T A L  M E T H O D  

The cour se  of the reac t ions  and the pur i ty  of the products  obtained were  moni to red  by th in - l ayer  
ch romatography  (TLG). The IR s pec t r a  of m i n e r a l  oil suspens ions  of the compounds were  r eco rded  with 
a UR-10 s p e c t r o m e t e r .  The PMR s p e c t r a  were  r eco rded  with JNM-4H-100 and JNM MH-100 s p e c t r o m -  
e t e r s  with t e t r amethy l s i l ane  as the in ternal  s tandard  (~ scale) .  The m a s s  Spect ra  were  r e c o r d e d  with an 
MKh-1303 s p e c t r o m e t e r  at  an ionization chamber  t e m p e r a t u r e  of 110 ~ and an ionizing vol tage of 50 eV. 

The mel t ing  points,  r e su l t s  of e l e m e n t a r y  analysis ,  IR spec t ra ,  and yields  of reac t ion  products  a r e  
p re sen ted  in Tables  1-4 . . . . . . . . .  

Indo le -3 -ca rboxy l i c  Acid Azide (I, Table 1). A 0.8-g (5.0 mmole)  sample  of hydrazide VII [12] was 
dissolved in 40 ml  of 5070 acet ic  acid, solution was cooled to 0-5 ~ and 0.4g (5.0 mmote)  of NaNO 2 in 1 ml  
of wa te r  was added with v igorous  s t i r r ing .  The resu l t ing  prec ip i ta te  was r emoved  rapid ly  by f i l t rat ion,  
washed with water ,  and vacuum-dr i ed .  Compound III (Table 1) was s i m i l a r l y  obtained. 

3- Indolylacet ic  Acid Azide (II, Table  1). Benzene (50 m l ) a n d  0.7 g (10 mmole)  of NaNO 2 in the min-  
irnum amount of water  were  added to a solution of 1.9 g (10 mmole)  of hydrazide VIII [12] in 50 ml  of water ,  
a f te r  which the mix tu re  was cooled to 5 ~ and I ml  of concent ra ted  HC1 was added with v igorous  s t i r r ing .  
The benzene l ayer  was separa ted ,  and the aqueous l aye r  was ex t rac ted  s e v e r a l  t imes  with cold benzene .  
The combined benzene ex t rac t s  were  washed with wa te r  and dried with MgSO 4. The benzene solution was 
f i l te red  and used for  the p repa ra t ion  of V. 

N-Carbe thoxy indo le -3 -ca rboxy l i c  Acid Azide (X, Table 1). A) A solution of 1.6 g (10 mmole)  of in- 
do le -3 -ca rboxy l i c  acid in 30 ml  of acetone was cooled to -5 ~ and 2.8 ml  (20 mmole)  of t r ie thylamine  and 
1.9 ml  (20 mmole)  of ethyl ch lo ro fo rmate  were  added to it success ive ly .  The mix tu re  was then s t i r r e d  at 
0 ~ for  30 min, a solution of 0.8 g (12 mmole)  of sodium azide in 6 ml  of wa te r  was added to the resul t ing  
mixed anhydride, and the mix tu re  was s t i r r e d  for  another  hour.  The prec ip i ta te  was r emoved  by f i l t rat ion,  
washed with water ,  and vacuum-dr i ed .  

B) The synthes is  was c a r r i e d  out as in method A with equimolar  amounts of indo le -3-earboxyl ic  
acid and ethyl ch lo ro fo rmate  to  give 0.8 g (34~) of X. 

3-Indolyl  I socyanate  (IV, Table 2). A solution of 0.6 g (3.2 mmole)  of azide I in 30 ml  of absolute 
benzene was heated on a wa te r  bath for  5 h, a f te r  which the benzene was v a c u u m - e v a p o r a t e d  at 40 ~ The 
res idua l  oil began to c rys t a l l i ze  on standing. PMR spec t rum [in (CD3)2S = O + CC14 (1:2)] :  8.2 ppm (s,* 
NH), 6.9-7.7 ppm (m, a rom a t i c  protons) ,  and  7.5 plain (d, 2 •  C6rnpounds V, VI, and XI (Table 2) were  
s i m i l a r l y  obtained, except  that the benzene was evapora ted  at no higher than 15 ~ in the case  of V and VI. 

Evapora t ion  of the benzene at 40-50 ~ gave a solid with mp 70-100 ~ and evapora t ion  of the benzene on 
a bo i l ing-wate r  bath gave a p roduc t  with mp 150 ~ (dec., in the case  of VI). 

N,N-Dimethyl-NV-3-indolylurea  (XIII, Table 3). Dimethylamine was pas sed  into a solution of 0.3 g 
(2.0 mmole)  of i socyanate  IV in 20 ml  of absolute benzene fo r  30 rain, a f te r  which the prec ip i ta te  was r e -  
moved by f i l t ra t ion and washed with e the r .  Compounds XII and XIX (Table 3) were  s i m i l a r l y  obtained. 
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TABLE 4. 3- Indolylcarbamic  Acid Es te rs  (XXVIII-XXX) 

C o m -  
p o u n d  

XXVIII 

XXIX 

XXX 

rap, "C 

96--98 
Ethanol_ 

petroleum ethe~ 

135--136 
Benzene-pet- 

roleum ether 

163--164" 
Ethanol- pet- 

roleum ether 

I Empirical 
formula 

CHHI2N202 

C12H14N202 

Found, % 

C H N C 

14,2 64,7 

12.6 66,0 

10,5 72,2 

Calc., % 

H N 

IR spectra, 
C1TI"I 

Ct6HI4N20~ 

54,{ 6,1 

56,1 6,~ 

5,9 13,: 

6.5 12.1 

5.3 10.! 

C=O NH 

1690 3300 

1700 3290 

1680 3270 

O 

Z 

3390 

3380 

3400 

2 

91 

80 

79,5 

*According to [2], this compound has mp 163-164 ~ 

N,N-Dioetadeeyl -N' - indolylurea  (XX, Table 3). A solution of 0.3 g (2.0 mmole) of isoeyanate IV and 
1 g (2.0 mmole) of dioetadecylamine in benzene was refluxed for 4 h, after  which the solvent was evaporated, 
and the residue was washed with ether  and fi l tered.  Compound XXIV (Table 3) was s imilar ly  obtained. 

N-Pheny l -N ' -3 - indo ly lu rea  (XXI, Table 3). This compound was obtained by mixing 0.3 g (2.0 mmole) 
of isocyanate IV and 1 ml of aniline. The precipi ta te  was washed with benzene and fil tered. Compounds 
XXII and XXIII (Table 3) were s imi la r ly  obtained. 

Hydrolysis  of N,N-DimethylTN'-(N-carbethoxy-3- indolyl )urea  (XXII). A total of 5 ml of 10% NaOH 
solution was added to a solution of 0.3 g (1.0 mmole) of XII in 10 ml of ethanol, and the mixture was allowed 
to stand overnight.  T ranspa ren t  ac icular  c rys ta l s  with mp 209-210 ~ (from ethanol) precipi tated f rom the 
mixture.  No melting point depress ion was observed for a mixture of this product  with urea  XIII. The IR 
spec t ra  of the hydrolysis  product and XIII were identical. 

Ethyl 3- Indolylcarbamate  (XXVIII, Table 4). A 0.3-g (2.0 mmole) sample of isocyanate IV was heated 
in 20 ml of absolute ethanol on a water  bath for 2 h, af ter  which the alcohol was evaporated.  The residue 
was washed with petroleum ether  and fi l tered.  Compounds XXIX and XX-X (Table 4) were s imilar ly  obtained. 

1-(3-Indolyl)-2-azet idinone (XXXI). A solution of 30 mmole of diazomethane in ether dried over 
sodium was added with cooling to 0 ~ to a cooled ( f r o m - 1  to 0 ~ solution of 2.4 g (15 mmole) of iso2yanate 
IV in 60 ml of absolute ether,  after  which the react ion mixture was allowed to stand for 48 h in the dark at 
- 3  to 0 ~ The resul t ing yellow precipi ta te  was removed by filtration, and the ether was evaporated. The 
resul t ing oil c rys ta l l i zed  on t r i turat ion with a small  amount of cold dry acetone.  The precipi tated c rys ta l s  
were squeezed on a porcelain plate to give 0.15 g (5.3~) of a product  with mp 162-163 ~ (acetone-octane) .  
Found: C 71.0; H 5.4; N 14.9~; M 186 mass  spect rometr ica l ly) .  CI1H10N20. Calculated: C 71.0; H. 5.4; 
N 15.1~, ; M 186. [R spec t rum (oil): 1720 (C ~ O), 3260 cm -1 (indole NH); (CHC13); 1730 cm -1 (C = O). 
PMR spec t rum (in ChD~N): 8.5 ppm (s, NH), 7.1-7.6 ppm (m, a romat ic  protons),  7.5 ppm {d, 2-H), 
3.0 (t, CH2) , and 3.6 (t, CH~). 

3-Aminoindole Hydrochloride (XXXII). A) A solution of 0.6 g (4 mmole) of isocyanate IV in 10 ml of 
THF was heated with 2 mt of HC1 (sp. gr .  1.18) for  30 rain, after  which the solvent was evaporated, and the 
res idue was diluted with water  and extracted with ether.  The water  was vacuum-evapora ted  and the result ing 
precipi tate  was washed with water,  dried in vacuo, and purif ied by reprecipi ta t ion (e thanol -methylene  
chloride) to give 0.6 g (82%) of a product with mp 180 ~ (dec.), ~ound: C 56.5; H 5.8; N 16.3~. CsHgN~C1. 
Calculated: C 57.0; H 5.4; N 16.6~. IR spec t rum (oil): 1620 (NH3) 2640 (NH) and 3350 cm -I (indole NH) 
PMR spect rum [in (CD~) 2 S = O/CC14 (3:7)] :  7.1-7.7 pprn (m, a romat ic  protons) and 7.5 ppm (d, 2-H). 

B) A 0.1-g (0.4 mmole) sample of urethane XXX was hydrogenated in 40 ml of absolute ethanol at 
room tempera tu re  in the p resence  of 30 mg of Pd/c.  After  the calculated amount of hydrogen had been 
absorbed (10 ml af ter  2 h) the ca ta lys t  was removed by filtration, the alcohol was evaporated, and 0.5 ml 
of alcohol saturated with HC1 was added to give 0.03 g (15~) of XXXII with mp 180 ~ (dec.). The IR spec t ra  
of this product  and the product  obtained by method a were identical. 
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N-Acetyl -3-aminoindole  (XXXIII). A 0.2-ml (2.5 mmole) sample of acet ic  anhydride was added to 
a solution of 0.3 g (1.8 mmole) of amindindole sal t  XXXII in 6 ml of water ,  a f te r  which a concentra ted solu- 

tion of sodium acetate  was added with s t i r r ing  until the mixture  was neutral .  The resul t ing precipi ta te  was 
removed  by f i l t rat ion and washed with water  to give 0.3 g (94~c} of a product  with mp 162-163~ 
pe t ro leum ether) (mp 162-163 ~ [11]). IR spec t rum (oil): 1630 (C ---- O), 3120 (NH) and 3300 cm -~ (indole 
NH). PMR spectrum [in (CD~)~ S ---- O-CCI 4 (3:7)]: 10.6 ppm (s, NH) 9.7 ppm (s, NHCOCH3) , and 7.0-7.8 
ppm (m, aromatic protons). 

L I T E R A T U R E  C I T E D  

1. V . S .  Rozhkov, Yu. I. Smushkevich, and N. N. Suvorov, Khim. Geterots ikl .  Soedin., 942 (1975}. 
2. R . E .  Harmon, G. Wellman, and S. K. Gupta, J .  Org. Chem., 3_.88, 11 (1973). 
3. A. Stoll, F. T rox le r ,  J .  Peyer ,  and A. Hofmaun, Helv. Chim. Acta, 3.~8, 1452 (1955). 
4. R . H . F .  Maaske, J.  Amer .  Chem. Soc., 5_! ' 1202 (1929). 
5. R. Iustoni and R. Pessina,  Br i t i sh  Patent  No. 770,370; Chem. Abstr . ,  5.~1, 14,822 (1957). 
6. R . H . F . M a n s k e : a u d  R. Robinson, J .  Chem. Soc., 240 (1927). 
7. K. Nakanishi, Inf rared  Spectra  and Structure  of Organic Compounds [Russian translat ion],  Mir,  Mos- 

cow (1965), p. 34. 
8. J .  Emsley,  J.  Feeney,  and L. Sutcliffe, High-Resolution NMR Spectroscopy,  Pergamon,  Oxford (1965, 

1966). 
9. J . C .  Sheehan and  P.  F.  Izzo, J .  Amer .  Chem. Soc., 7_.00, 1985 (1948). 

10. L. Bellamy,  Inf rared  Spectra  of Complex Molecules,  Methuen (1958). 
11. W. Madelung, Ann., 9__22, 405 (1941}. 
12. E . F .  Alvarez,  M. B. Pa ja re s ,  and O. N. Lopez, Spanish Patent  No. 324608; Chem. Abstr . ,  67, 82,098 

(1967). 

964 


