
in Table 2, were similarly obtained in quantitative yield. 

2-Alkoxy-4-aziridino-5,5-dimethyldihydrofurans XII and XIH. A 1.13-g (7 mmole) sample of IVa was 
dissolved in 10 ml of absolute methanol or ethanol, and the solution was allowed to stand at room tempera-  
ture  for 12 h. The alcohol was removed by evaporation, and the residue was distilled in vacuo to give the 
products. A total of 1.16 g (98%) of 2-methoxy-4-aziridino-5,5-dimethyldihydrofuran (XII), with bp 28-30 
deg C (0.01 mm), was obtained. Found: C 63.9; H 8.7; N 8.4~ CgH15NO2. Calculated: C 63.9; H 8.9; N 8.3%. 
IR spectrum: 1655 cm -1 (C--C). PMR spectrum, 5:5.45 (s, 1H, 2-H), 4.69 (s, 1H, 3-H), 3.31 (s, 3I-I, OCH3) , 
1.81 [s, 4H, N(CH2)2], 1.38 (s, 3H, CH3), and 1.30 ppm (s, 3H, Ctt3). A total of 1.22 g (95%) of 2-ethoxy-4- 
aziridino-5,5-dimethyldihydrofuran (XIII), with bp 34-35 deg C (0.01 mm), was obtained. Found: C 65.3; 
H 9.3; N 7.3%. C10H17NO 2. Calculated: C 65.67; H 9.3; N 7.6%. IR spectrum: 1665 cm -~ (C--C). PMR spec- 
t-rum, 5:5.46 (s, 1H, 2-H),  4.64 (s, 1H, 3-H), 3.51 (m, 2H, OCH2) , 1.81 [s, 4H, N(CH2)2] , 1.39 (s, 3H, 5-CH3) , 
1.29 (s, 3H, 5-CH3) , and 1.14 ppm (t, 3H, CH3). 

Reaction of 2-Hydroxy-4-aziridino-5,5-dimethyldihydrofuran (Via) with Alcohols. A 1.6-g (0.01 mole) 
sample of Via was refluxed for 8 h in a solution (30 ml) of methanol or ethanol, after which the solvent was 
removed by evaporation, and the residue was identified by PMR spectroscopy as the corresponding 2-methoxy- 
4-aziridino-5,5-dimethyldihydrofuran (XII) [1.6 g (9~0)] or,  respectively, 2-ethoxy derivative XIII [1.7 g 
(91%)]. 

1. 
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A method was developed for the synthesis of 5- or 6-formylindoles by reaction of 5- or 6- 
aminomethylindoles with hexamethylenetetramine in acidic media. 1-Methyl-7-formylindole was 
obtained by recyclization of nicotyrine methiodide under the influence of alkaline agents. The 
corresponding vinylindoles were obtained by condensation of formylindoles with nitromethane, 
nitroethane, and malonic acid. The structures of the products were proved by alternative syn- 
thesis,  the resul ts  of elementary analysis, and the UV, IR, PMR, and mass spectra. 

In [1] it is shown that aldehydes of the indole ser ies  with a formyl group attached to the benzene ring 
may be convenient starting substances, for example, for the synthesis of aminoethylindoles. This is also true 
of aldehydes of the tetrahydrocarbazole ser ies ,  although it has been reported that the carbonyl group in these 
compounds has extremely low reactivity [2]. Troxler  synthesized such aldehydes by reduction of the co r r e -  
sponding nitriles with sodium hyposulfite in the presence of Raney nickel in acetic acid containing pyridine [1]. 
However, it is often necessary to use circuitous pathways to obtain the hi, r i les  themselves,  since the c o r r e -  
sponding acids are  difficult to convert to even the chlorides [2, 3]. The direct  introduction of a formyl group 
in the benzene ring of the indole molecule is difficult. Only 5-methoxy-6-formylindoles have been obtained by 
this method [4]. 

Having samples of 5- and 6-aminomethylindoles [5, 6] at our disposal, we investigated the possibility of 
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t he i r  conver s ion  to a ldehydes by  m e a n s  of the Sommele t  reac t ion .*  The appl icabi l i ty  of this method was  in 
doubt, s ince fu r fu ra l  could not be  obtained f rom 2 -aminome thy l fu ran  [8], although the analogous synthes is  of 

- fo rmyl th iophene  has  been  c a r r i e d  out [9]. 
x 

R~C ~ C It 

H 

II II[ a-c 

R4 R ~ 

C~HIeN4 

0// l i 
1 R' R' 
W 

IV a-c 
v a-c v l a~b 

O C H  3 

VII a - c  

iII a R=H, X=~O2; b R=CHo, X=NO2; c R=H, X=CO2H: IV, V, VI a R=H, 
R2=R3=CH3, R4=5-OCH3; b RI=H, R~=R3=CH3, R4=7-OCHa; c R~=R:=CH3, 
R3=COOC2H~, R4=5-OCHa; VII a R=tI, X=NO2; b R=CH3, X=NO~; c R=H. X=CO2H 

Corresponding ly ,  4 - fo rm y l -2 -pheny l t h i azo l e  was  synthes ized in s a t i s f ac to ry  yield,  but the i somer i c  2 - f o r m y l -  
4-phenyl th iazole  was  not. The a t tempted  synthes is  of 2 -  and 4 - fo rmy lpy r id ine s  was unsuccessful ,  but 3 -  
fo rmylpyr id ine  was  obtained in good yield [8]. The poss ib i l i ty  of the synthes is  of  2 - ca rbe thoxy -3 - fo rmy l in d o l e  
by means  of the Sommele t  r eac t i on  in the indole s e r i e s  has  been  r epo r t ed  [10], but 2 - c a r b e t h o x y - 4 - f o r m y l - 5 -  
hydroxyindole  could not be  obtained f r o m  2 -ca rbe thoxy-4 -d ime thy laminome thy l -5 -hyd roxy indo le  [ 11]. 

Our expe r imen t s  have  shown that  in neu t ra l  med ia  aminomethyl indoles  (I or  IV) v i r tua l ly  do not r e a c t  
with hexame thy lene t e t r amine ,  that in g lac ia l  ace t ic  acid the p r o c e s s  gives the products  in v e r y  low yie lds ,  and 
that  the addit ion of ace t ic  acid up to pH 5 does not have a substant ia l  e f fec t  on the cou r se  of the reac t ion ,  but 
p r e p a r a t i v e  y ie lds  of the a ldehydes (up to 96% ) a r e  obtained in 50% acet ic  acid. 

The compos i t ions  and s t r u c t u r e s  of  a ldehydes II and V a re  conf i rmed by  the r e s u l t s  of e l emen ta ry  ana ly -  
s i s  and the spec t roscop ic  c h a r a c t e r i s t i c s .  In addition, Va and Vb w e r e  synthes ized independently ( b y V i l s -  
m e i e r  formyla t ion) ,  and a ldehydes  II and Vc were  p rev ious ly  descr ibed .  Let  us note that  the 3 -ca rbe thoxy  
group,  which is usual ly eas i ly  e l iminated  dur ing acid hydro lys i s ,  was re ta ined  in the synthes is  of Vc. We ob-  
tained 1 - m e t h y l - 7 - f o r m y l i n d o l e  (VIII) by r e a r r a n g e m e n t  of n icotyr ine  methiodide  (IX) under the influence of 
a lkal ine agents  [12]. 

I ! . v  I 

CH~ CH a 

X IX 

zo 

|IX~/N/'C\ H CH 3 CH3N~C\ H CH 3 H/C~o CH~ 

Cl13/ VIII 

The ini t ial ly formed pseudo base readily undergoes ring opening, after which the foemyl group attacks 
the e l e c t r o n - s u r p l u s  p y r r o l e  r ing  with the fo rmat ion  of the energ ica l ly  favorab le  benzene r ing.  The m e t h y l -  
amine  grouping is sp l i t  out dur ing the solvolyt ic  r eac t i on  (it  is poss ib le  that th is  occu r s  par t i a l ly  in the open 
form).  Side a t t ack  by  the nucleophile on the C H 3 - N  bond leads  to demethyia t ion  to give nicotyr ine X. 

* A p r e l i m i n a r y  communica t ion  has  been  published [7]. 
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The peak of the molecu la r  ion, which subsequently undergoes f ragmenta t ion  with e l iminat ion of a h y d r o -  
gen a tom,  CIt~ CO, or CHO, is the m o s t  intense peak in the m a s s  s p e c t r a  of IT and Va,c.  The loss  of h y d r o -  
gen is a m o r e  intensive p r o c e s s  in the case  of II (I m = Im-1) ,  whereas  i ts  peak does  not exceed 0.2 of the 
mo lecu l a r  ion peak in the spec t rum of Va. The M - H  and M - C H  3 ions subsequently lose CO or  CHO; this 
was  conf i rmed by compar i son  with the m a s s  spec t r a  of compounds that  contain 180 in the fo rmyl  group. The 
loss  of R 4 occu r s  only in the case  of m o r e  profound s tages  of the f ragmenta t ion .  These  data  make  it poss ib le  
to a s s u m e  that the posi t ive  charge  in the mo lecu l a r  ions of II and Va,b is local ized p r i m a r i l y  in the py r ro l e  
p a r t  of the molecule ,  s ince the indicated c h a r a c t e r  of the f ragmenta t ion  d i f fe rs  m a r k e d l y  f rom the d i s s o c i a -  
t ive  ionization of both 2 -  or  3 - formyl indoles  [13] and 6-  or 7-methoxyindoles  [14]. 

- ~ O  
R~ 

R' "~+ 

H- a~;-~.NJ\C H 3 
H 

H.va=b 

I_ 

R4 -~+" 

H 

r' I-C"~ r '-~-" 

( " I 

(M- -  H~-CO) + (N--H--Cl IO)  +" 

-HO 

(M-,CH3--CHO) +' (M--CH:~CO) ~ 

The m a s s  s p e c t r u m  of aldehyde VIII  d i f fe rs  f r o m  the m a s s  spec t r a  of aldehydes II and Va,b with r e -  
spec t  to the v i r tua l  absence  of M - C H  s and M - C O  ions and the intense M - H  and M - H - - C O  ions. These  
p r o c e s s e s  a r e  conf i rmed  by me ta s t ab l e  ions. In addition, an apprec iab le  peak of an M - O H  ion, the fo rmat ion  
of which f rom the molecu la r  ion is a lso  conf i rmed by  a me ta s t ab l e  ion, is observed.  This  p r o c e s s  is poss ib ly  
assoc ia ted  with t r a n s f e r  of a hydrogen a tom f r o m  the CH s group in the 1 posi t ion to the oxygen a tom of the 
carbonyl  group;  this was  observed  in the s p e c t r a  of 1 -me thy l -7 -n i t ro indo les  [14]. 

The condensat ion of aldehydes II and Vb with n i t romethane ,  n i t roethane,  or  malonic  acid p roceeds  
smoothly under the influence of alkal ine agents .  Two doublets of olefin protons (J = 14-15 Hz ), which c o r r e -  
spond to a t r a n s  configuration,  appear  in the PMR s p e c t r a  of the resu l t ing  III. Nitro vinyl  de r iva t ives  III and 
VII  a r e  s table  during s to rage  and a r e  br igh t ly  colored.  The absorp t ion  m a x i m u m  (in alcohol) l ies  at  233, 285, 
and 435 nm; this  is typ ica l  for  ~ - n i t r o s t y r e n e s  [15]. If t he re  is a methoxy group in the benzene  r ing (VIIa, b), 
a ba thochromic  shif t  of the absorp t ion  band,  as a lso  noted in the case  Of 3-  (2 -n i t rov iny l ) -5 -methoxyindo le  
[16], is  noted in the spec t rum.  

Intense peaks  of mo lecu l a r  ions and the absence  of M - H  and M - C H  3 ions a r e  cha r ac t e r i s t i c  for the 
m a s s  spec t r a  of IIIa,b and VIIa,b.  This  indicates  p r i m a r y  local izat ion of the charge  in the benzene r a the r  than 
the py r ro l e  pa r t  of  the molecu le ,  e spec ia l ly  since the f ragmenta t ion  of the molecu la r  ions is s i m i l a r  to that  
obse rved  for  5 -  and 6-ni t ro indoles  [14] and is cha r ac t e r i z ed  by e l iminat ion of the NO2, NO, or OH group. The 
loss  of a methy l  group was obse rved  only in the case  of ( M - N O  2) or  ( M -  OH --NO) ions. 

EXPERIMENTAL 

The UV s p e c t r a  of methanol  solutions of the compounds were  r eco rded  with a Specord spec t ropho tom-  
e t e r .  The IR s p e c t r a  of m i n e r a l  oil suspensions  of the compounds were  r eco rded  with IKS-22 or  UR-20 s p e c -  
t r o m e t e r s .  The PMR s p e c t r a  of DMSO (aldehydes II and Va),  ace toni t r i le  (Vb), and CC14 (Vc, VIII)  solutions 
of the compounds were  obtained with Va r i an  T-60 and XL-100 PMR s p e c t r o m e t e r s  with hexamethyldis i loxane 
as  the ex te rna l  s tandard.  

The m a s s  s p e c t r a  w e r e  r eco rded  with an MKh-1303 s p e c t r o m e t e r  with introduction of the compounds 
d i rec t ly  into the ionization reg ion  a t  an ion iz ing-e lec t ron  energy  of 50 eV and at  a t e m p e r a t u r e  c lose  to the 
mel t ing  point of the compound. Aldehydes II and Va,b,  which contain 180, w e r e  obtained by  shaking the c o r r e -  
spending aldehydes with H2~80 and alcohol in the p r e s e n c e  of ZnC12. 

2 ,3 -Dimethy l -5 - fo rmvl indo le  (II). A 0.5-g (3.5 m m o l e ) s a m p l e  of hexamethy lene te t r amine  was added 
with s t i r r ing  to a solution of 0.5 g (2.9 mmole)  of 2 ,3 -d imethy l -5 -aminomethy l indo le  (I) in 2.5 m l  of 50% a c e -  
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tic acid, and the m ~ e  was refluxed with stirring for 2 h. It was then diluted with cold water to a volume of 
10 ml, and the resulting precipitate was extracted with ether [three 10-ml portions; the process was moni- 
tored by TLC on altuninthm oxide or Silufol, benzene -methanol  (9 : 1)]. The extract was dried with magnesium 
sulfate, and the ether was removed by evaporation to give 250 mg (51%) of aldehyde II, which was purified by 
chromatography on silica gel [40/100 #,  elution with benzene-ethyl  acetate (5:2)] to give a product with mp 
138-139 deg C [mp 137-139 deg C (from benzene) [3]]. IR spectrum: 1680 (C=O) and 3200 cm -1 (N-H).  PMR 
spectrum: 7.25 (d, 7H, J6,~ = 8 Hz), 7.53 (d, 6H, J6,7 = 8 Hz), 7.90 (s, 4H), 9.35 (broad s, 1-NH), and 9.90 ppm 
(s, 5-CHO). Mass spectrum:* 173 (100), 172 (82), 158 (22), 144 (22), 143 (15.5), 115 (10.5), 77 (11.8), 72 (11.8), 
51 (23.8). Found: C 76.2; H 6.2%. CllHilNO. Calculated: C 76.3; H 6.4o/0. 

2,3-Dimethyl-5-methoxy-6-formylindole (Va}. Similarly, 110 mg (44%) of aldehyde Va, with mp 195-196 
deg C [purified by chromatography in a thin layer of aluminum oxide with elution by benzene-methanol (9 : 1)], 
was obtained from 0.25 g (1.2 mmole) of 2,3-dimethyl-5-methoxy-6-aminomethylindole (IVa), 1.5 ml of 50% 
acetic acid, and 0.25 g (1.78 mmole) of he~methylenetetramine after refluxing for 1.5 h. IR spectrum: 1665 
(C=O) and 3300 cm -1 (N-H). PMR spectrum: 7.04 (s, 4-H), 7.67 (s, 7-H), 9.73 (s, 6-CHO), and 10.33 ppm 
(broad s, 1-NH). Mass spectrum: 203 (100), 202 (24), 188 (11), 186 (11), 174 (4), 172 (4), 159 (6), 158 (6), 157 
(9), 156 (27), 144 (4), 143 (6), 132 (11), 131 (10), 97 (6), 83 (7). Found: C 70.9; H 6.4%. Ci2H~3NO2. Calculated" 
C 70.9; H 6.4z/0. 

2,3-Dimethyl-6-formyl-7-methoxyindole (Vb). Similarly, a light-yellow precipitate, which was removed 
by filtration and washed with water, was obtained from 0.3 g (1.45 mmole) of 2,3-dimethyl-6-aminomethyl-7- 
methoxyindole (IVb) after refluxing for 3 h and dilution with water. The filtrate was extracted with ether (two 
10-ml portions), and the extract was dried with anhydrous magnesium sulfate. The ether was removed by 
evaporation to give an additional amount of aldehyde Vb. The overall yield was 0.28 g (96%). After purifica- 
tion by preparative chromatography in a thin layer of aluminum oxide [elution with benzene-methanol (9 : 1)], 
the product had mp 183-184 deg C. IR spectrum: 1670 (C=O) and 3220 cm -1 (N-H).  PMR spectrum: 6.90 
(d, 4-H, J4,5 = 8 Hz), 7.79 (d, 5-H, J5,4 = 8 Hz), 10.49 (s, 6-CHO), and 11.49 ppm (broad s, 1-NH). Mass 
spectrum: 203 (i00), 202 (50), 188 (23), 174 (5), 160 (5), 159 (10), 132 (13), 131 (7), 130 (6), 117 (6), 85 (11), 
83 (17). Found: C 70.7; H 6.5%. CI2HI~NO 2. Calculated: C 70.9; H 6.4%. 

1,2-Dimethyl-3-carbethoxy-5-methoxy-6-formylindole (Vc). Similarly, the precipitate obtained from 
0.15 g (0.54 mmole) of 1,2-dimethyl-3-earbethoxy-5-methoxy-6-aminomethylindole (IVc) after refluxing for 
3 h and dilution with water was separated, and the filtrate was extracted with ether  (the degree of extraction 
was monitored by TLC) to give 70 mg (47%) of aldehyde Vc with mp 135.5-136.5 deg C (from alcohol) [4]. 

Formylation of 2,3-Dimethyl-7-methoxyindole. A 0.76-g (5 mmole) sample of freshly distilled phos- 
phorus oxychloride was added dropwise with st irr ing at 0 deg C to a solution of 0.7 g (4 mmole) of 2,3-di- 
methyl-7-methoxyindole in 7.3 g (0.1 mole) of DMF, and the mixture was st irred at room temperature for 30 
rain and at 95 deg C for 3 h. It was then cooled to room temperature and poured over ice. The aqueous mix- 
ture was neutralized with sodium hydroxide solution to pH 6, and the resulting precipitate was extracted with 
ether. The ether extract was dried with sodium sulfate, the ether was removed by evaporation, and the res i -  
due was purified by preparative chromatography in a thin layer of aluminum oxide [benzene-methanol (9 : 1)]. 
The yield of aldehyde Vb, with mp 182-183.5 deg C, was 0.121 g (15%). The product was identical to that de- 
scribed above. 

Similarly, 25 mg (6%) of Va, with mp 194-195 deg C, which was purified by TLC on A1203 [benzene- 
methanol (9 : 1)], was obtained from 350 mg (2 mmole) of 2,3-dimethyl-5-methoxyindole. The product was 
identical to that described above with respect to its melting point and IR spectrum. 

1-Methyl-7-formylindole (VIII). A) A mixture of 150 mg (0.5 mmole) of nicotyrine methiodide (IX), 
with mp 211-213 deg C [17], 1 g of NaOH, 6 ml of water, and 20 ml of ethanol was heated in a stream of nitro- 
gen on a water bath for 1 h, after which it was cooled, and the excess alcohol was removed by evaporation. 
Cold water (4 ml) was added to the residue, and the mixture was extracted with two 10-ml portions of benzene. 
The benzene extract was dried with calcined MgSO4, and the benzene was removed by evaporation. The residue 
was purified by preparative chromatography on silica gel (100/160#) [elutionwith benzene-ethyl  acetate 
(10:4)] to give 10 mg (12%) of aldehyde VIH with mp 82-84 deg C. IR spectrum: 1690 cm -1 (C=O). UV spec- 
trum (in methanol), kmax(log a): 226 (4.38), 247 (4.34),340mn (3,92). PMR spectrum: 3.30 is, 1-CH3), 5.65 
( d , 3 H ,  J3,2 = 4 H z ) ,  6 .15 (d, 2H, J2,3 = 4 Hz) ,  6 .32 (t, 5H, J5,4 = J5,6 = 8 Hz) ,  6 .75 (q, 4H, Jr = 8 H z ,  J4,6 = 2 

*Here and subsequently, the most intense ion peaks are presented. The relative intensities in percent of the 
intensity of the molecular-ion peak are given in parentheses. 
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Hz), 6.95 (q, 6H, J6,5 = 8 Hz, J6,4 = 2 Hz), and 9.22 ppm (s, CHO). Found: C 75.2; H 5.9~ C10H9NO. Calcu-  
lated: C 75.5; H 5.7%. Mass spec t rum:  159 (100), 158 (94), i30 (90), 102 (15), 89 (22), 77 (60), 76 (25), 75 (22), 
63 (25), 5i  (25). 

B) A mixture  of 150 mg (0.5 mmole) of methiodide IX, 3 ml  of methylammonium sulfate,  and 6 ml of a 
30% aqueous solution of methylamine  was heated in a sealed ampule (in an autoclave) at 150 deg C for 70 h, a f -  
t e r  which it was ex t rac ted  with two 7 -ml  port ions of benzene.  The ex t r ac t  was dr ied  with MgSOs, and the ben-  
zene was removed  by evaporation.  The res idue  was purified as in method A to give 20 mg (25%) of aldehyde 
VIII and 34 mg (43%) of n icotyr ine  methiodide with mp 211-213 deg C. 

Synthesis  of IIIa,b and VIia,b. A) Equivalent  amounts of n i t romethane  or  ni t roethane and a catalyt ic  
amount  of piper idine were  added to an alcohol solution of II or Vb, and the mix tu re  was maintained at room 
t empera tu re .  

B) An alcohol solution of II, Vb, n i t romethane,  and a catalyt ic  amount of n-butylamine was maintained 
at  room tempera tu re .  

C) A mix tu re  of II or Vb, n i t romethane  or ni t roethane,  and ammonium aceta te  was heated at 100 deg C. 
The yie lds ,  physical  constants ,  and spec t ra l  cha rac t e r i s t i c s  of the products  a re  presented  in Table 1. 

2 ,3 -Dimethy l -5 - (2 -ea rboxyv iny l ) indo le  (IIIc). A 173-mg (1 mmole) sample of aldehyde II and 124 mg 
(1.2 mmole) of malonic  acid were  dissolved in 3 ml  of pyridine containing t r aces  of piperidine,  and the m i x -  
tu re  was ref luxed for  6 h. It was then poured over  ice,  and the aqueous mix ture  was acidified to pH 4-5 with 
hydroch lor ic  acid. The resu l t ing  prec ip i ta te  was removed  by disti l lation, washed with water ,  and dr ied to 
give 195 mg (90%) of IIIc with mp 207-210 deg C (in a sealed capi l la ry  af ter  vacuum distil lation).  IR spect rum:  
1680 (C=O); 3340 (OH, NH); 1615 and 985 cm -1 ( t rans  C----C). Found: C 72.6; H 6.1%. CI~HI~NO2. Calculated: 
C 72.5; H 6.0%. 

2 ,3 -Dimethy l -6 - (2 -ca rboxyv iny l ) -7 -methoxy indo le  (VIIc). S imi lar ly  VIc was obtained in 98% yield f rom 
100 ml  of Vb. The product  was purif ied p repa ra t ive ly  in a thin layer  of 5/40/z s i l ica  gel [ b e n z e n e - m e t h a n o l -  
ethyl  ace ta te  (9 : 1:2)] to give a product  with mp 256-257 deg C. IR spect rum:  1675 (C=O); 1610 and 980 
( t rans  C=C) ;  3390 cm -1 ( N - H ,  OH). Found: C 68.6; H 6.2%. C14H~sNO 3. Calculated: C 68.5; H 6.1%. 
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