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R E A C T I O N  OF A Z I R I D I N E S  WITH A C E T Y L E N I C  

y - H Y D R O X Y  A L D E H Y D E S  

A. V.  E r e m e e v ,  D. A.  T i k h o m i r o v ,  
a n d  Yu.  V.  S h u b i n a  

UDC 547.717:543.422.25.4 

The corresponding acetylenic aziridino hydroxy carbinols were obtained by the reaction of 
aziridine, 2,2-dimethylaziridine, and methyl aziridine-2-carboxylate with 4-hydroxy-4-methyl- 
pent-2-yn- l -a l  and 3- (1-hydroxycyclohexyl)prop-2-yn-l-al.  It is shown that the latter at room 
temperature undergo isomerization with time to 2-hydroxy-4-aziridino-5,5-dialkyldihydrofur- 
arm. The isomerization of acetylenic aziridinocarbinols, which includes an intermediate step 
involving retrodecomposition of the aziridino (hydroxy)carbinols to the starting aldehydes and 
aziridines, was investigated by dynamic NMR spectroscopy. 

We have previously shown [1] that the reaction of 1-ii-aziridines with propargyl and phenylpropargyl 
aldehydes gives acetylenic ~-aziridinocarbinols, which are isomerized to f~-aziridinoacroleins at room tem-  
perature. The mechanism of the isomerization, which includes an intermediate step involving the retrodecem- 
position of the acetylenic aziridinocarbinols to the starting aldehydes and aziridines with subsequent forma- 
tion of fi-aziridinoacroleins, was established. 

To confirm the general character of the reactivities of 1-H-aziridines with ~-acetylenic aldehydes and 
to ascertain the limits of the applicability of this reaction in the synthesis of acetylenic ~-aziridinocarbinols 
and f~-aziridinoacroleins we investigated the reaction of aziridines with acetylenic y-hydroxy aldehydes. It is 
known [2] that 2-methoxy-4-dialkylaminodihydrofurans are formed in the reaction of secondary amines with 
acetylenic ~/-hydroxy aldehydes in anhydrous methanol. However, the reaction is accompanied by resinifioa- 
tion when it is carried out in absolute benzene or ether. 

As a result  of the study it was shown that the reaction of aziridine (Ilia), and 2,2-dimethyl- (IIIb) and 
2-carbomethoxyaziridine (IIIc) with acetylenic y-hydroxy aldehydes (I, II) in absolute ether at -30 deg C 
gives acetylenic aziridino (hydroxy)carbinols IVa-c and Va-c. The latter are colorless crystalline compounds, 
the physicochemical characterist ics of which are presented in Table 1. 

Off 

6H / \  OH 
,R :~ R ~ R ~ R' 

�9 , /R ~ 

R',,~/II 
R.~/",~,O/XOll 

I, II III a-'c IV-Y ~.-C Vl-Yll a-O 

,I, IV, VI R~=R-"=CII~: ll, V, VII R~-R -~= --(Cli~}~; Ill-VII ~I R"=R~'H i b R~='~.~=CII~: 

C R 3=H, R~=COOCH~ 

The IR spectra of acetylenic aziridino (hydroxy)carbinols IVa-c and Va-c are character ized by absorp- 
tion bands of the stretching vibrations of a hydroxy group at 3300-3400 cm- 1, absorption maxima of a triple 
bond at 2240-2260 cm -1, and C - H  stretching vibrations of the aziridine ring at 3070-3080 cm -1. No bands 
are present in the region characteristic for the absorption of conjugated C - O  and C=C bonds. 
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TABLE 1. Charac ter i s t i c s  of  IVa-c  and V a - c  

Com- 
pound 

IVa 
IV b 
IVc 
va 
vb 
Vc 

mp. 
"C 

60--62 
64~-65 
70--71 
68--69 
71--72 
76--78 

I 
IR spectrum, cm -z ] Found, % 

J OH I C~---C C~O c H 

3369 2250 -- 61,9 8,3 
3320[ 2220 65,619,2 
3340 1 2210 17-35 56,4 7,0 
3330 [ 2240 67,3 I 8,8 
3300 ] 2235 70,1 9,2 

2210 33151 1~0 61,4 7,4 

Empirical 
formula 

9,2 I CsHI~NO2 7,7 CloHlvNO2 
6,4 CioHlsNO4 
7,2 CnHITNO2 

CI3H2vNO2 
~:2 C,3H,#NO4 

Calc.. % 

C~ H I N 

I 
61,9 8,4 [ 9,0 
65,6 9,3 [ 7,6 
56,3 7,0 6,6 

[ 67,7 8,7 7,2 
]70,0 9,4 63 

7,5 ]61,7 5:5 

Yield, 
% 

90 
84 
88 
94 
92 
87 

T A B L E  2. 2 - H y d r o x y - 4 - a z i r i d i n o - 5 , 5 - d i a l k y l d i h y d r o f u r a n s  V I a - c  
and V I I a - c  

C o r n  - 
pound 

Via 
VIb 
Vlc 

VIa 
VIIb 
VlIc 

) ~specmma, cm, i 

82~83 3230 -- 1655 
101--102 34OO I -- I 165o 
116--117 3480 1745 1665 
93--95 3405[ -- [ 1650 

123--124 3385 -- 1645 
131--132 346O -- 1660 

Found, % 

C H 

61,8 8,3 
65,3 9,4 
56,2 7,1 
67,5 8,3 
69,9 9,5 
61,6 7,4 

Empirical 
formula 

N 

9,1 CsHj3NO2 
7,7 CioHl7NO2 
6,5 CIoHIsNO4 
7,2 CIIHITNO2 
6,3 CI3H21NO2 
5,6 ClaHigNO4 

Calc., % 

61,9 
65,6 
56,3 
67,7 
70,0 
61,7 

H N 

8,4 9,0 
9,3 7,6 
7,0 6,6 
8,7 7,2 
9,4 6,3 
7,5 5,5 

Azixldino {hydroxy)carb inols  I V a - c  and V a - c  undergo  i s o m e r i z a t i o n  at r o o m  t e m p e r a t u r e  with t ime  to 
give 2 - h y d r o x y - 4 - a z i r i d i n o d i h y d r o f u r a n s  V I a - c  and V I I a - c  in quant i ta t ive  y ie lds ;  the  p roduc t s  a r e  c r y s t a l l i n e  
subs t ances  (Table  2). This  conc lus ion  was  r e a c h e d  on the b a s i s  of  an  ana lys i s  of  the  IR s p e c t r a  of  i s o m e r i z a -  
t i on  p roduc t s  V I a - c  and V I I a - c ,  which conta in  an in tense  a b s o r p t i o n  band of  the  C = C bond of  the d ihyd ro fu ra n  
r i n g  at 1650-1665 c m  d but  do not  conta in  the s t r e t ch ing  v ib ra t ions  of  an  ace ty l en ic  bond at 2240-2260 c m  -1. 
The  s t r u c t u r e s  of  V I a - c  and V I I a - c  a r e  a l s o  con f i rmed  by  the da ta  f r o m  PMR s p e c t r o s c o p y  (Table  3). 

The  high r a t e  of  i s o m e r i z a t i o n  in solut ions  m a k e s  it imposs ib l e  to r e c o r d  the PMR s p e c t r a  of individual  
az i r ld ino  (hydroxy)ca rb ino l s  I V a - c  and V a - c .  Howeve r ,  it is poss ib le  to fol low the i s o m e r i z a t i o n  by  m e a n s  of  
d y n a m i c  NMR s p e c t r o s c o p y .  Thus ,  in addi t ion to s igna ls  a t  51.67 and 4.32 ppm,  which ev ident ly  c o r r e s p o n d  

I 
to the absorption of the protons of the azirldine ring and the --C--H group of IVa, doublets with J = 7.5 Hz, 

I 
which are  character is t ic  for the vinyl and formyl protons [1] of aldehyde VIIIa, and signals at 5 4.78 and 5.84 
ppm from the protons of the dihydrofuran ring of Via appear when the PMR spectrum of aziridino (hydroxy) 
carbinol IVa in deuterochloroform solution is recorded. The protons of the aziridine ring of VIIIa and Via 

77 

Yl I I  ~, 

a b s o r b  at  6 2.39 and 1.90 ppm~ r e s p e c t i v e l y .  An  app rec i ab l e  i n c r e a s e  in the in tens i ty  of the  s igna ls  of  Via  and 
VII Ia  toge the r  with a s imul taneous  d e c r e a s e  in the r e s o n a n c e  abso rp t i on  for  az i r ld ino  (hydroxy)ca rb ino l  IVa 
a r e  o b s e r v e d  when the  PMR s p e c t r u m  of this  m i x t u r e  is  r e r e c o r d e d ,  and the i s o m e r i z a t i o n  t e r m i n a t e s  with 
comple t e  c o n v e r s i o n  to d i hyd ro fu ra n  Via  af ter  50 min.  

These  da t a  m a k e  it poss ib le  to conclude  that  ace ty l en i c  a z i r i d i n o ( h y d r o x y ) c a r b i n o l  IVa i s  conver t ed  
du r ing  the I s o m e r i z a t i o n  p r o c e s s  to az i r ld ino  a ldehyde  VII Ia ,  which in t u r n  undergoes  cyc l i za t ion  to d i h y d r o '  
f u r an  Via.  Since,  a c c o r d i n g  to the  da ta  in [1], the r e a r r a n g e m e n t  of  a z i r i d i n o ( h y d r o x y ) c a r b i n o l s  I V a - c  and 
V a - c  to az i r ld ino  a ldehydes  V I I I a - c  and I X a - c  should include an  i n t e rmed ia t e  s tep involving the r e t r o d e c o m -  
pos i t ion  of I V a - c  and V a - c  to  the s t a r t i ng  a z i r i d i n e s  and a ldehydes ,  the en t i r e  i s o m e r i z a t i o n  p r o c e s s  c a n  be  
r e p r e s e n t e d  by  the  fol lowing s c h e m e :  
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TAB LE 3. PMR Spec t ra  of 2 - H y d r o x y - 4 - a z  ir  id ino-5 ,5-d ia lkyld i -  
hydrofu rans  (VIa-c  and V I I a - c )  

: o m -  r ,  
ou nd  R~ R~ 

Vlb CHz CHs CHs 
Vie CH3 ICH3 COOCHz 

VIla I--(CH2)6-- H 
Vllb --(CH2)s-- CH:~ 
VIIe --(CH~)s-- COOCH~ 

1 

H 

tt 
cH~ 

Chemical shifts, 6, ppm 

2-H OH 3-H 

5.75br.s [3,67br.s 14:63 s: 
5,79br.s J3,55br~ [ 4,76 s 
5,81 br.s 13,24bros 14,76 s 
5,12bz.s 12A8br.$ J L39 s 
5,60br.s 12,59br.s [ 4,89 s 

R ~ 

1,38 S 
1,21 s 
1,40 S 
1,66r~ 
1,57ii 
1,59n 

R-" CIi~ 

:,49 $ 1,90 $ 
~,21 s I L76 
1,32sl .~,oo~r 
,66n~ 1,89 s 
,57m] 1,75~s 
,59m[ 2,07 I1 

R ~ R ~ 

1,90 ~, 1,90s 
1,35s I 1,35s 
3,75s ] 2,4 m 
1,89s I L89s 
1,17s [ 1,17s 
3,78 S { 2,48 m 

/ R  3 

r , \  o , 4 " ]  + - ~ -  r , \  I 
'-'" l " 4  R:?/~-. C=CII-- ClIO / C ' "  C~:::C-"Cll + It 

I( 
Ofl / \  OH 

r~ R * 

I,I1 lit a - c  VIII-IX a-,c 

-:~o~'11+20" +20~ 1 

I v - V  a - c  v l -v i |  a - c  

When we c a r r i e d  out the i s o m e r i z a t i o n  of az i r id ino(hydroxy)ca rb ino l  IVa in methanol  or  ethanol solution, we 
obtained the co r respond ing  2 -a lkoxy-4 -az i r id inod ihydro fu rans  XII and XIII. In th is  case  the init ially 

ROH ROH CH3\  I / O R  \ /c--c=~c.--c. c"3/c-c=c-c ,o  + un ~: : zC  v,na-~:C-~ 

o, ot,t 1 
§ ~ X, X| 

g IV ~, . e===.+2 --H~O 

\ /  
VIa ROH C H 3 ~  H 

CH3," "0 ~ "OR 

X, Xil R=CH3; XI, Xll| R=C2H s XII, Xt|I 

f o rmed  az i r id ino  aldehyde VIIIa  evidently r e a c t s  with a lcohols  to give the co r respond ing  in te rmedta te  h e m i -  
a ce t a l s  X and XI, which subsequent ly  undergo cycl iza t ion to  a lkoxyazi r id inodihydrofurans  XlI and XIII. The 
s a m e  compounds were  isolated when 2 -hydroxy-4 -az i r i d inod thydro fu ran  Via  was ref luxed in alcohol  solutions.  

Thus ace ty len ic  az i r id ino  (hydroxy)carbinols  a r e  obtained in the r eac t ion  of acetylenic  y -hyd roxy  a lde -  
hydes  with az i r id ines  at  - 3 0  deg C. However ,  the i somer i za t ion  of the l a t t e r ,  in con t r a s t  to the i somer i za t ion  
of az i r id ines  with p ropa rgy l  and phenylpropargyl  a ldehydes  [1], does not stop with the fo rmat ion  of e n e a z i r i -  
dino a ldehydes ,  and the final p roducts  a r e  2 -hydroxy-4 -az i r id ino -5 ,5 -d ia lky ld ihydro fu rans .  

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

The PMR s p e c t r a  of  5% solut ions of the compounds in CDC13 w e r e  r eco rded  with a WH-90 Bruke r  s p e c -  
t o m e t e r  with t e t r ame thy l s i l ane  as  the in ternal  s tandard .  The IR s p e c t r a  of m i n e r a l  oil  suspens ions ,hexa -  
chlorobutadiene solut ions,  o r  liquid f i lms  of the compounds were  obtained with a UR-20 s p e c t r o m e t e r .  

Acety len ic  Azir idino (hydroxy)carbinols  IVa -c  and V a - c .  A solution of a 0 .03-mole  sample  of  the c o r r e -  
sponding az i r id ine  I I I a -c  in 10 m l  of  absolute  e the r  was  added with s t i r r i n g  a t  - 3 0  deg C to a solution of  a 
0 .03-mole  sample  of  ace ty len ic  7 - h y d r o x y  aldehyde I [3] o r  II in 20 m l  of  absolute  diethyl  e ther ,  and the r e -  
sul t ing c r y s t a l s  w e r e  r em oved  b y  f i l t ra t ion ,  washed with absolute  e ther ,  and dried in vacuo to give co lo r l e s s  
c rys t a l l i ne  az i r id ino(hydroxy)ca rb ino l s  IVa-c  and V a - c  (Table  1). 

2 -Hydroxyr4-az i r ld ino-5 ,5 -d ia lky ld i l aydrofurans  V I a - c  and VIIa -c .  Crys ta l l ine  IVa was allowed to 
stand in a sea led  f lask  a t  r o o m  t e m p e r a t u r e .  The i somer i za t i on  was moni tored  by means  of t h in - l aye r  
ch roma tog raphy  [Silufol UV-254, e t h e r - p e n t a n e  (3 : 1)]. After  12 h, IVa underwent quanti tat ive i somer i za t ion  
to d ihydrofuran  Via.  Compounds VIb ,c  and V I I a - c ,  the  phys icochemica l  c h a r a c t e r i s t i c s  of  which a r e  p resen ted  
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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%)]. 
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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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