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A method was worked out for  the prepara t ion  of substi tuted 2 -amino-3 -cyanopyr ro le s  f rom 
N-acyl-c~-amino ketones and malononi t r i le .  Acyl der ivat ives  of 2 -amino-3 -cyanopyr ro le s  
were  obtained. A number  of Mannich bases  were synthesized by aminomethylat ion of 2 -ace -  
t amido-3 -cyano-4 -pheny lpy r ro l e .  

In a previous  communicat ion [1] we descr ibed  the synthesis  of 2 -amino-3 -cyano-4 ,5 ,6 ,7 - t e t r ahydro -  
indole f rom malononitr i le  and 2-acetamidocyclohexanone.  

In the presen t  r e s e a r c h  we have shown that N -ace ty l -~ - am in o  ketones with an open aliphatic chain, 
which we obtained by reduct ive acetylat ion of monoarylhydrazones  of acycl ic  ~-dike tones ,  can be suces s -  
fully used for the synthesis  of substi tuted aminopyr ro le s .  The ketones were  initially formyla ted  with ethyl 
formate  for  the synthesis  of these  monophenylhydrazones,  and the resul t ing formyl  der ivat ives  were coup- 
led, without isolation, with benzenediazonium chlor ide.  As a resul t ,  we obtained monophenylhydrazones 
of diearbonyl  (Ia-c) and t r i ca rbony l  (Ha-c) compounds. Consequently,  formylat ion of methyl  alkyl ketches 
p roceeds  both at the methylene and methyl  groups.  The percentage composit ions of the components were  
de termined  by gas - l iqu id  chromatography (GLC), and it was shown that the yields of monophenylhydrazones 
of dicarbonyl  compounds (Ia-c} dec rease  as the length of the side chain of the ketone inc reases  and that the 
yie lds  of monophenylhydrazones of t r i ca rbony l  compounds (Ha-c} increase  correspondingly  (see Table 1). 

~COOC~H 5 
~) CH~--C--C--R + R--CH~--C--CIf  =CHONa CH 3-  --CH.,.,R C6H~ONa : [I " i: 

O CHONa O 

/H 
+ CHa--C--C--R R--CH2-- C--C--C'~: I~ 

C~HsN2 " , ,, i~ "O 
0 N O N 

\ N H  " N i t  

C6H5 C6H 5 

l a - c  H a - c  

I, II a R =CHAT b R =C2H5; C R =C3H 7 

The IB spec t ra  of Ia-c  (in minera l  oil) contain the absorpt ion band of an NH group at 3260-3280 cm -!  
and the band of a conjugated carbonyl  group at 1650 cm -1. However,  the spec t ra  of IIa-c in minera l  oil, 
and in dilute CC14 solutions do not contain the absorption band of a secondary  amino group, and this is ap- 
paren t ly  associa ted  with the formation of an in t ramolecu la r  hydrogen bond with the aldehyde carbonyl  group 
[2]. Two bands corresponding to aldehyde (1635-1660 cm -1) and ketone (1660-1670 cm -1) groups are  ob- 
se rved  in the region of absorpt ion of carbonyl  groups.  Singlets of the protons of the NH group of Ia-c  are  
found at 8 ppm in the PMR spect ra ,  whereas  the corresponding singlets in the spec t ra  of Ha-c  are  shifted 
to weaker  field (14.5 ppm), and this also conf i rms the p resence  of a hydrogen bond. 

The UV spec t ra  of IIa-c contain th ree  absorption maxima at 236, 295, and 340 nm, but the absorpt ion 
maximum at 295 nm vanishes in the spec t ra  of IIa-c,  and the o ther  two maxima are  shifted by 12-30 nm, 
respec t ive ly ,  to the long-wave region.  
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TABLE 2. N-Acetyl-o~-amino Ketones 
i 

t 

~8 
R R" '(ram) lbp' ~ ~~ al 

Found, 9 [ Calc., 9 
C H N C H N 

IR spectra, cm -1 ~ "  

~vx?v.WH Vcc COl, t;~ lliq ccl~ liq Vc~ "~ 
I 

IVa ]CH3 CHa 102-- 
I\b !]CH~ C2H~ --106(2)124 (4) 

D,% tCH3 ]CsH; 125 (3) 
IVdlC2H~ ]CH, 115 (4) 

' I IVeiC~H~ C2H~ 126 (2) 

i 

C~HuNO2 
CzH,3NO2 

CsH,sNO2 
CTH~3NO2 

CgH~;NO2 

58,4i 9,0 

61,2 9.6 
59,0 9:1 

63,3 10,1 

10,1 58 ,7  

9,, ~ 61,1 
9/; 58,7 

7,~ 63,1 

9.1 ~,8 

9,6 8,9 
9A 9,7 

1o,o 8,1 

3290 3420 
3080 

308C 

328( 3420 
306C 

1720 
1650 
1535 
1290 

1650 
1535 
1290 
172o 
1650 
1535 
!1370 

*Accord ing  to [10], this  compound has  bp 102-106 ~ (2 mm) .  

1720 
1680 
1370 

1720 
1680 
1370 
172C 
167C 
137C 

77 

72 

59 
71 

60 

The reduct ive  acetyla t ion of I a -c ,  3 ,4-heptadione 3-phenylhydrazone (HI), and the prev ious ly  des -  
c r ibed  2,3-pentadione 2-phenylhydrazone [3] with zinc dust in g lac ia l  ace t ic  acid in the p re sence  of ace t ic  
anhydride and sodium aceta te  gives N - a c e t y l - a - a m i n o  ke tches  (IVa-e).  The IR spec t r a  of IVb-e  (liquid 
f i lms) contain a s t rong  broad  band at 2380 c m  -1, which can be ass igned to the t r ans  f o r m  of amides  that  
f o r m  an i n t e rmo le cu l a r  hydrogen bond [4]. In addition, the re  is a weake r  band at 3080 c m  -1. It is a lso a s -  
socia ted  with NH vibra t ions .  In dilute CC14 solution both of these  bands vanish,  and an absorpt ion  band ap-  
p e a r s  at 3420 cm - l .  Four  bands - k e t o n e  {1720 cm- l ) ,  amide I band (1650 cm-l ) ,  amide II band (1535 cm- i ) ,  
and amide HI band (1290 cm -1) - a re  obse rved  in the region of absorp t ion  of earbonyl  groups.  In dilute 
CC14 solution the amide I and HI bands are  shii%ed to the long-wave region by 30-80 cm -1, r e spec t ive ly ,  
whe reas  the amide IX band van ishes .  

Substituted 2 - a m i n o - 3 - c y a n o p y r r o l e s  were  obtained by reac t ion  of N - a c e t y l - ~ - a m i n o k e t o n e s  with 
malononi t r i le  in the p r e s ence  of both ca ta ly t ic  and equ imola r  amounts  of  p iper id ine .  

R--C=O ~lt2--CN 

R--Ctl 
\NHCOCIf 3 

| V a - c  

R / 
~.OCH2 .J H 

V v la - f  vila-h 

The condensation p roceeds  through a step involving the fo rmat ion  of N - a c e t y l - 2 - a m i n o - 3 - c y a n o p y r r o l e s .  
However,  we were  able to isola te  only one of t hem - N - a c e t y l - 2 - a m i n o - 3 - c y a n o - 4 , 5 - d i m e t h y l p y r r o l e  (V) - 
which was obtained by reac t ion  of malononi t r i le  with 3 -aee tamido-2 -bu tanone .  Only 2 - a m i n o - 3 - c y a n o p y r -  
ro les  (Via-f) were  obtained in all  o ther  c a s e s .  

The method desc r ibed  above enabled us to obtain 2 - a m i n o - 3 - c y a n o - 4 - p h e n y l p y r r o l e  (VIf) f r o m  1 - a c e -  
tamidoacetophenone [5] and malononi t r i l e .  In this  case ,  the fo rmat ion  of a subst i tuted p iperaz ine  [6] that  
is obse rved  when ~r hydrochlor ide  and malononi t r i le  a re  used  for  the reac t ion  [7] is  
excluded.  

The acetyla t ion of am i nopy r ro l e s  VIa - f  with acet ic  anhydride gives 2 -aee tamido  der iva t ives  of p y r -  
role  (vIIa-f ) ,  whereas  a t r i a e y l  der iva t ive  (VIII) is a lso fo rmed  in the reac t ion  of acet ic  anhydride with p y r -  
role  VIf in pyr idine.  

~N / N \  RCH ,~N/~N HC--CII3 
c--eli3 n 0 

COCH3, (~ 

VIII IX a - e  

tx a R=--N(CH~)z; b R=--N(C.2H$I~; C R=--N(C~Hg)2;d r=morpholino; 
e R ~ ,piperidino 

Benzamido (Vllg) and tosylamino (Vllh) derivatives, respectively, were obtained by acylation of Vlf with 

benzoyl chloride in dioxane and with p-toluenesulfonyl chloride in pyridine. 
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The s ignals  of the protons  of the acety l  groups of VIII appea r  in the PMR spec t rum as two singlets  
at 2.32 (6H) and 2.57 (3It) ppm, as compared  with 2.27 ppm (3H) in the spec t r a  of VIIf, which we ass igned 
to the protons  of the COCH s group at tached to the amino group in the 2 posi t ion.  The s inglets  at 10.66 and 
11.58 ppm belong to the protons  of  the NH groups i n t h e  2 and 1 positionr r e spec t ive ly .  The f requencies  of 
the v ibra t ions  of the CN group in the IR s p e c t r a  of VIf, VIIf, andVI I I  a re  found at 2200, 2210, and 2220 cm -1, 
r e spec t ive ly .  The i r  in tensi t ies  dec rea se  sharp ly  f r o m  VIf to VIII, and this  indicates  weakening of the con- 
jugation of the ni t r i le  group with the o ther  multiple bonds.  

The aminomethy la t ion  of VIIf  p roceeds  under  the conditions desc r ibed  for  the aminomethyla t ion  of 
2-aminothiophenes  [8]. The dia lkylaminomethyl  group en te r s  the subs t i tuen t - f ree  5 posi t ion of py r ro l e .  

A hydrogen a tom of the amide group is not rep laced .  The d i sappearance  of the signal  at 6.70 ppm, which 
is aff i l iated with the proton in the 5 posit ion of py r ro le ,  the appearance  of a s ignal  at 3.36 ppm of the CH 2 
group, and the shift  of the s ignals  of the NH group at 9.66 and 10.77 ppm to s t ronge r  field as compared  with 
the s ignals  of the NH groups of s ta r t ing  VIIf  conf i rm th i s .  Absorpt ion bands at 3360 and 3240-3280 cm -1, 
which co r re spond  to the s t re tching v ibra t ions  of the amino group, at 2200 cm - l ,  which co r re sponds  to a 
conjugated ni t r i le  group, and at 1680 cm -1, which co r re sponds  to a earbonyl  group, a re  obse rved  in the IR 
spec t r a  of IXa-e  in all  c a ses .  The UV s p e c t r a  of IXa-e  contain only one m a x i m u m  at 284-286 nm (log 
4.15-4.30), and the second m a x i m u m  of s ta r t ing  VIIf  at 226 nm is conver ted  to a shoulder  (at 220 nm).  

EXPERIMENTAL 

The IR spectra of mineral oil suspensions, thin films, and CCI 4 solutions of the compounds were re- 
corded with a Perkin-Elmer spectrometer. The UV spectra of ethanol solutions of the compounds were 
recorded with an EPS-3T spectrometer. The PMR spectra of deuterochloroform and deuterodimethyl sul- 
foxide solutions of the compounds were recorded with a JNM-4H-100, G 60 H spectrometer with tetramethyl- 
silane as the internal standard. Chromatographic monitoring of the course of the reactions and the purity 
of the compounds obtained was carried out by thin-layer chromatography (TLC) on S[lufol UV-254 plates 
in the following solvent systems: Acetone-heptane (I : I), benzene -methanol (9 : I), benzene-ethyl acetate 
(1 : 1), and ch loroform.  

Genera l  Method for  the Prepara t ion  of Monophenylhydrozones of Dicarbonyl  and Tr i ca rbony l  Com-  
pounds (a-c and Ha-c) .  Absolute ethanol [39.9 g (0.8 mole)] was added dropwise with s t i r r ing  to a suspen-  
sion of 5.75 g (0.25 g-a tom)  of sodium meta l  in 25 ml  of toluene,  and the mix ture  was heated until  the sod-  
ium had dissolved comple te ly .  The ethanol was then r emoved  by dist i l lat ion,  and a mixture  of 37 g (0.5 
mole) of  ethyl fo rma te  and 0.25 mole  of the ketone was added to the cooled res idue  at such a ra te  that  the 
t e m p e r a t u r e  of the mixture  did not r i se  above 40 ~ . It was then s t i r r e d  at  r o o m  t e m p e r a t u r e  for  another  
hour  and allowed to stand overnight .  The sodium der iva t ive  of  the fo rmyl  ketone was ex t rac ted  with wa te r  
(two 150-ml  por t ions) ,  and the resu l t ing  solut ion  was cooled to 0-5" and added to an aqueous solution of 
benzenediazoninm chloride p r e p a r e d  in the usual  way f r o m  23.3 g (0.25 mole) of aniline, 75 ml  of concen-  
t r a t e d  HC1, and 17.2 g (0.25 mole) of  sodium ni t r i te  at pH 5-6 (effected by the addition of sodium aceta te) .  
The prec ip i ta ted  c ry s t a l s  were  r emoved  by f i l t rat ion,  washed with cold water ,  and dr ied.  The composi t ion 
of the mixture  was de te rmined  with a Pye -Un icam s e r i e s  104 ch roma tog raph  with a f lame- ioniza t ion  de-  
t e c t o r  and a 2.1 m by 4 m m  column filled with a si l icone e l a s t o m e r  (100-120 mesh) ;  the c a r r i e r  gas (nitro- 
gen) f lame ra te  was 30 m l / m i n ,  and the column t e m p e r a t u r e  was 250 ~ The retent ion t i m e s  (in minutes)  
were  as follows: Ia 10.25, Ib 10.75, Ic 14.75, Ha 13.75, IIb 16.25, and IIc 20.5. The mixture  of monophenyl-  
hydra.zones of the di -  and t r i c a r b o n y l  compounds was washed with pe t ro l eum e ther  (bp 40-60"), and the r e s i -  
due was r e c r y s t a U i z e d  f r o m  methanol  to give hydrazones  I a - c .  The mothe r  l iquors  containing pe t ro l eum 
e ther  and methanol  were  evapora ted  to d ryness ,  and the res idue  was t r i t u ra t ed  with benzene.  The solids 
were  then r emoved  by f i l t ra t ion to give I I a - c .  

3,4-Heptadione 3-phenylhydrazone (III) was s i m i l a r l y  obtained. Data on the monophenylhydrazones  
a re  p re sen ted  in Table  1. 

Genera l  Method for  the P repa ra t ion  of N - A c e t y l - q - a m i n o  Ketones (IVa-e).  Zinc dust [40 g (0.6 g-  
atom)] was added in sma l l  prot ions  with v igorous  s t i r r i ng  to a heated (to 40 ~ mixture  consis t ing of 0.2 mole 
of  the monophenylhydrazone of a dicarbonyl  compound, 20 g (0.24 mole) of  fused sodium aceta te ,  55 g (0.54 
mole) of ace t ic  anhydride,  and 200 ml  of acet ic  acid, a f t e r  which the mix ture  was s t i r r e d  and ref luxed for  
1 h. The sludge was r em oved  by f i l t ra t ion and washed with hot acet ic  acid, and the acet ic  acid solution was 
vacuum evapora ted .  Wate r  was added to the res idue ,  and the prec ip i ta ted  acetani l ide was r emoved  by f i l -  
t ra t ion .  The aqueous solution was vacuum evapora ted ,  ch lo ro fo rm was added to the res idua l  l ight -brown 
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TABLE 4. 5-Aminoalkyl  Derivatives of 2 - A c y l a m i n o - 3 - c y a n o - 4 -  
phenylpyrrole 

om- 
)und 

IXa 

IXb 

IXc 

IXd 

IXe 

rap, ~ *, 
Empirical 

base (hydro. formula 
chloride 

166--167 
(213--214) 

176--178 
(180--!81) 
130--131 

(146--150) 
204--205 

(190--191) 
198--199 

(190--191) 

CI6tJI8N40 
C 16HIsN40" HCt 
C!~H22N40 
CIaH2_~N40" HCI 
C.~H3oN40 
C.22H3oN40 �9 HC1 
C 18H.~oN~O~ 
C!sH2oN40~. HCI 
CIgH.~N40 
C I~H_~2N40 ' HCI 

Found, @o 

C II CI 

68,4 6,2 10,8 

6 ,4 7; 
876 

Calc. ,  ~ 

N C I! Cl 

19,6 68,1 6,4 
17,7 [~,,[ 
18,5 6~-,6 7A 
16,5 IO,,0 
15,7 7~,1 8~ 
13,9 ~-,8 
17,2 65 
15,7 9,,8 
,7,3 
15,7 - -  - -  9,9 

Yield 
~0 

N 

19,8 
17,fi 
18,1 
16,2 
15,4 
13,9 
t7,3 
15,5 
17,4 
15,6 

* The bases  were recrysta l l i zed  from alcohol,  and the hydro-  
chlorides  were recrysta l l i zed  from a c e t o n e -  m e t h a n o l -  ether.  

82 

82 

69 

82 

64 

syrup, and the zinc acetate was removed by filtration. The chloroform was evaporated, and the residue 
was vacuum disti l led.  Data on the N - a c e t y l - a - a m i n o  ketones are presented in Table 2. 

1 -Ace ty l -2 -amino-3 -cyano-4 ,5 -d imethy lpyrro le  (V). A solution of 1.38 g (0.023 mole) of malononitri le  
in 15 ml of absolute methanol was added with st irring to 4 g (0.023 mole) of amino ketone IVa in 5 ml of 
absolute ethanol and 0.01 ml of piperidine,  during which the temperature of the mixture rose  to 30 ~ The 
result ing precipitate was removed by filtration and washed with a smal l  amount of methanol to give 4.1 g 
(74%) of pyrrole V with mp 166-168 ~ (from dioxane). IR spectrum: 3420, 3300, 3140, 1640 (NH2); 2200 (CN); 
1700 (CO); and 1310 cm -1 ( C - N ) .  UV spectrum, Xms~, nm (log e): 232 (4.08). Found: C 61.1; H 6.0; N 
23.8%. CgHllN30. Calculated: C 61.0; II 6.2; N 23.7%. Compounds V and Via were formed in 33.4 and 52 .5~  
yie lds ,  respect ively ,  in the case of an equimolar ratio of IVa and piperidine.  2 -Amino-3-eyanopyrro les  
VIa-f  were s imi lar ly  obtained, but the reaction was carried out at 45-50 ~ Data on the physical  constants 
and yields of VIIa-f are presented in Table 3. 

General Method for the Preparation of Substituted 2 -Acetamido-3-cyanopyrro les  (Viia-f). Acetic  
anhydride (16 ml) was added to 0.022 mole of aminopyrroles  VIa-f  and the mixture was allowed to stand at 
room temperature for 15 rain. The result ing precipitate was removed by filtration and washed with alcohol .  
Data on VIIa-f are presented in Table 3. 

1 -Acety l -2 -d iace tamido-3-cyano-4-pheny lpyrro le  (VIII). A mixture of 5 g (0.0027 mole) of pyrrole  
VIf, 10 ml of pyridine,  and 3 ml (0.03 mole) of acetic  anhydride was refluxed for 2 h, after which the mix-  
ture was evaporated to dryness ,  and the res idue  was washed with methanol.  The yield of VIf with mp 273- 
274 ~ (dec.) was 42%. The methanol mother l iquor was evaporated to dryness  to give VIII with mp 123-124 ~ 
(from methanol) in 40%yield. IR spectrum: 2200 (CN); 1740, 1730, and 1710 cm -1 (CO). UV spectrum, Xma x, 
nm (log e): 242 (4.38). PMR spectrum, ppm: 2.32, s ,  6I-I(COCH3) , 2.57, s ,  3II(COOH3) , 7.3, s,  H(5tI), and 
7.3-7.5,  5tt(C6IIs). Found" C 65.6; II 5.0; N 13.3%. C1?II15N~O 3. Calculated: C 65.9; H 4.9; N 13.3%. 

2 -Benzamido-3-cyano-4-pheny lpyrro le  (VIIg). A mixture of 1.83 g (0.01 mole) of VIf, 30 ml of dry 
dioxane, and 3.9 g (0.028 mole )  of benzoyl  chloride was re fluxed for 2 h, after which the solution was evapor-  
ated to dryness ,  and the residue was washed with methanol.  The yield of VIIg with rap 267-268~ (dec., from 
methanol) was 2.43 g (86%). IB spectrum: 3340, 3260, 3220, 3150 (NH); 2220 (CN); and 1650 (CO). Found: 
C 75.5; H 4.7; N 14.3%. CIsH13N30. Calculated. C 75.2; tI 4.6; N 14.6%. 

2 -Tosy lamino-3 -cyano-4 -pheny lpyrro le  (VIIh). A 1 .05-g  (0.0055 mole) sample of p-toluenesulfonyl  
chloride was added to 0.9 g (0.005 mole) of pyrrole  VIf in 15 ml of dry pyridine,  after which the mixture 
was allowed to stand at room temperature for 15 rain. It was then poured into water, and the aqueous mix-  
ture was extracted with ether.  The ether solution was washed success ive ly  with water,  10% sulfuric acid, 
and water and dried with MgSO 4. The violet  solution was decolorized with charcoal,  and the ether was evap-  
orated to give 1.04 g (63%) of a product with mp 155-156 ~ (from ethanol).  IR spectrum: 2220 (CN) and 3300 
em -1 (Nil). Found: C 64.2; tt 4.5; N 9.5%. C18tI15N30~. Calculated: C 64.0 H 4.5; N 9.5%. 

General Method for the Preparation of 5 -Dia lky laminomethyl -2 -ace tamido-3-cyano-4-phenylpyrro les  
(IXa-e). A mixture of 0.01 mole of VIIf, 40 ml of dry dioxane, and 0.02 mole of bis(dialkylamino)methane 
derivative was refluxed in a flask equipped with a reflux condenser  and fitted with Bunsen valve for 3 h. The 
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mixture was then vacuum evaporated to dryness,  and the hydroehlorides were obtained from the bases in 
the usual way. Data on the physical constants and yields of IXa-e are presented in Table 4. PMR spect rum 
(ppm) for IXa: 2.13, s, 9H(COCH3), (CH~2 , 3.36, s, 2H(CtI2) , 9.66, s,H(NH) and 7.34, s, 5H(C6Hs); for IXd: 
2.12, s, 3H(COCH3) , 2.35 t, 4H[N(CH2)2] , 3.43, s,2H(CH2) , 3.73, t, 4H[O(CH2)2] , 9.66, s, H(NHCOCH3) , and 
19.77, s, H (NH). 
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