
which the mix tu re  was cooled, and the resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and washed with 
acet ic  acid and e ther .  

3 -Ace ty l -2 ,5 ,7 - t r ime thy lpyrazo lo [1 ,5 -a ]pyr imid ine  (VI). A 0 .005-mole  sample  of sa l t  ]fib or  IIc and 
a solution of  0.01 mole  of po ta s s ium in 8 ml  of t e r t -bu ty l  alcohol were  added succes s ive ly  to a solution of 
0.0075 mole  of ace ty lace tone  in 5 ml  of t e r t -bu ty l  alcohol,  a f t e r  which the mix tu re  was ref luxed for 45 rain, 
and the hot solution was f i l tered.  The f i l t ra te  was cooled to p rec ip i ta te  VI, which was r emoved  by f i l t ra t ion 
and washed with e ther .  
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A C T I O N  O F  A L K A L I  M E T A L S  IN L I Q U I D  A M M O N I A  

ON S U B S T I T U T E D  T H I O P H E N E S  

III.* PREPARATION OF AMINO KETONES OF THE ALIPHATIC 

SERIES FROM 2-(r 

Y a .  L .  G o l ' d f a r b  a n d  E .  P .  Z a k h a r o v  UDC 542.942.4 : 547.732.447 

The action of l i thium and alcohols  in liquid ammonia  on ~ - subs t i tu t ed  thiophenes with sub-  
sequent  hydro lys i s  of  the products  leads to convers ion of the thiophene f r agmen t  of  the 
molecule  to a butyryl  group. A number  of amino ketones of the al iphatic s e r i e s  were  ob- 
tained f r o m  a-(c0-dialkylaminoalkyl) thiophenes.  

Cur ren t ly  one of the m o s t  nea r ly  un iversa l  methods for  the p repara t ion  of de r iva t ives  of the al iphat ic  
and cycloparaff in  s e r i e s ,  e spec ia l ly  those with long s t ra igh t  and branched chains of carbon a toms,  is r e -  
ductive desulfura t ion of subst i tuted thiophenes with Raney nickel.  This method, as a rule ,  p roves  to be e f -  
fect ive in al l  cases  and leads to the convers ion of the thiophene r ing to a hydrocarbon chain made up of 
four  carbon a toms .  Another  reduct ive  agent  - sodium or  l i thium in liquid ammonia  [1, 2] - ac ts  on ~ -  
a lkyl - ,  ~-(o~-hydroxyalkyl)- ,  and ~-(o~-carboxyalkyl ) -subs t i tu ted  thiophenes in such a way that,  in addition 
to hydrogenat ion of the unsa tura ted  bonds, the r ing  is c leaved a t  the bond between the sulfur  a tom and the 
unsubsti tuted r ing carbon a tom.  Thus in all  of the cases  that we invest igated we observed  (after  hydrolysis  
of the react ion  mixture)  the fo rmat ion  of compounds having a butyryl  group. 

* See [1] for  communicat ion II. 
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TABLE 1. 

Corn - 
pound 

Ib 
lc 
Id 

' Ie 
If 

2- (w-Diethylaminoalkyl)  thiophene s 

[d ~-~l Found, % bp, "C (rnrn) nD,0 /5 E~ lEtuP irical Calc., % 

96--98 (8) 
106---107 (6,5) 
104---104,5 (3) 
132--133 (5,5) 

125,5--126 (I,5) 

t 
1.5080 10.9692 
1,50431 0,9596 
1,5021 I 0,9501 
1,5000 ] 0,9423 
1,4978 ] 0,9368 

197 CxIHIoNS 66,8 9,8116,2 66,9 9,7 16,2 
211 C12H21NS]68,2 10,1]15,3!68,2]10,0 15,1 
225 CtsH23NS [69,3 10,3 14,3 69,3 10,3114,2 
239 C~,H~,NS 170,3 ,0,5 ,3,5 170,2110,5 113,4 

The di f ferences  that a r e  obse rved  in the reduct ion in liquid ammonia  of ~ -a lky l - subs t i t u t ed  thiophenes 
having a hmctional  grouping at  the end of the chain a r e  a s soc ia ted  with the degree  of r e m o t e n e s s  of the l a t -  
t e r  f rom the ring. In pa r t i cu la r ,  we obse rved  [1] the effect  of this fac tor  during a study of the react ion  of 
l i thium and t e r t -bu ty l  alcohol with w-(2- thienyl)a lkanols  in liquid ammonia .  

Reduction of the side chain to four (or less)  carbon a toms  brought about a sha rp  dec rea se  in the 
yields  of al iphat ie  keto alcohols;  in our opinion, this is a s soc ia ted  with the effect  of the negative charge of 
the alkoxide ion that  is fo rmed  as a resu l t  of the react ion  of the thienylalkanol with l i thium and ammonia .  

In commencing  our  study of the reduction of 2- (~-dia lkylaminoalkyDthiophenes  (D, we a s sumed  that  
the tendency toward a dec r ea s e  in the yield of the al iphat ic  react ion  product  as  the magnitude of n de-  
c r e a s e s  that  was noted in the case  of thienylalkanols would not be obse rved  here  or  a t  l eas t  would be m a n -  
ifested to a cons iderably  l e s s e r  extent.  In fact ,  in the reduct ion of amines  I a success ive  reduction in the 
number  of methylene links f rom six to th ree  did not apprec iab ly  affect  the yields  of amino ketones (70-80%). 
However ,  a fu r ther  shor tening of the methylene chain (n = 2) led to a dec rea se  in the yield to 37%. Here ,  
one should note that  the yield in the reduction of 2-(2-thienyl)ethanol  was only 6% (the bulk of the s ta r t ing  
ma te r i a l  was r e c o v e r e d  unchanged), and thus in this case a lso  the amine  proved  to be much m o r e  act ive  
than the corresponding alkanol.  

' ~  I. Li; Eert-C4H9OH; NH~ 
C3H7CO (CH2)nN R 2 

II 

n =1-6; R~CH~ or C,~H 5 

We were  p rev ious ly  [1] unable to obtain an al iphat ie  keto e s t e r  f rom 2-methoxymethyl thiophene by 
the action of l i thium and t e r t -bu ty l  alcohol in liquid ammonia  on the la t te r ,  inasmuch as  the C - O  bond was 
c leaved in the init ial  s tage of the react ion,  as  in the case of benzyl e s t e r s  [3]. It is known [3] that  t e r t i a r y  
amines  of the benzyl  type a r e  not c leaved at the N-benzyl  bond during Bi rch  reduction.  One the re fo re  
might  have expected  that  the cor responding  compound of the thiophene s e r i e s  - 2 -d imethy laminomethy l -  
thiophene - in analogy with benzylamines ,  would prove  to be r e s i s t an t  to cleavage at the N-thienyl  bond. 
However ,  a h igh-molecu la r -we igh t  substance  that  cannot be dis t i l led on heating to 210 ~ a t  a p r e s s u r e  of 1 
nun proved  to be p rac t i ca l ly  the only product  of the reac t ion  ca r r i ed  out by the s tandard  method (see be-  
low). In a control  expe r imen t  in which we used insufficient l i thium for  complete  reduction,  the product  
contained a smal l  amount  of 2-methyl thiophene.  This fact  const i tutes  evidence that reduct ive  cleavage at  
the N-thienyl  bond neve r the le s s  does occur .  Rep lacement  of l i thium by the l ess  act ive  sodium made it 
poss ib le  to obtain the des i red  product  - 1 -d imethylamIno-2-pentanone  - but the yield was only ~ 13%. 

Thus the reduction of aminoalkyl thiophenes  I with alkal i  me ta l s  in liquid ammonia ,  just  as in the 
case of thienylalkanols ,  is compl ica ted  when the length of the methylene chain connecting the functional 
group to the thiophene r ing is insufficient to ward  off the effect  of this group on r ing opening. However ,  
the essen t i a l  c h a r a c t e r  of these  effects  in any case r ema ins  as  yet  unclear .  

EXPERIMENTAL 

The s t r u c t u r e s  of the compounds obtained for  the f i r s t  t ime in this r e s e a r c h  were  conf i rmed by the i r  
IR [1720 cm -1 (CO)] and m a s s  s pec t r a  [ m / e  71 (C3H7CO+) , 43 (C~HT§ 86 [(C2H~)2N+=CH2] , etc.].  G a s -  
liquid chromatography  (GLC) was used both to moni to r  the course  of the reac t ions  and to conf i rm the pu-  
r i ty  of the isola ted products  (an LKh-M 8 MD chromatograph  with a f lame- ioniza t ion  de tec tor ,  hel ium as  
the c a r r i e r  gas ,  a column t e m p e r a t u r e  of 100-160 ~ a 100 by 0.3 cm s t a i n l e s s - s t e e l  column with 10% 
V e r s a m i d  on s i lanized Celite-545 and 5% polyethylene glycol adipate on C h r o m o s o r b  G was used). 
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TABLE 2. Amino Ketones n'CatIyCO(CH2)nNRa f r o m  
2-(o0-Dialkylaminoalkyl)thiophenes 

i 

I 
ram-i bp, *C (mm)  
,ound ! 

! 

i ] 

nD_,~ ~:mpirical 
formula c 

Found, % Calc.. % 

H N C H N 

' 1,4231 CrHI~NO 64,9 lla b 67--68 (23) 
lib 12 89--90 (11) 1,4375 CIoHolNOI 69,9 
Ilc ~ I 76 (3,5) 1,4395 C~H~3NO 71,4 
lid i 120--120,5 (10) 1,4434 C~H.,sNO]72,4 
lie ] 120 (5) /1,4454/C~aH,~TNO] 73,2 
Ilf i[ 126--127 (3,5) l l,44691C~4H2~NOI 7 4  ,1 

1 
" e  I . . 'Y1 ld, Denvattve 

i �9 a i% mp, C 

i1',7 10,8 65,1 11,7 10,8 13 P,58--59 c 
12,4] 8,4170,1112,4 ] 8,2 i 37 p,80--8I a 
12,51 7,21 71,3[ 12,5] 7,5 78 O, 71,5--72 
12,61 7,1172,3112,6] 7,0! 69 0,75--76 
12,7 6,5 73,2 12,8] 6:~ 70 0,77--78 
12:8 6,5 74,0 12.9 82 O, 88,5--89 

aDer iva t ives :  P indicates  p ic ra te  and O indicates  oxalate.  The 
oxala tes  were  pur i f ied by reprec ip i ta t ion  f rom alcohol by the addi-  
tion of absolute e ther .  The der iva t ives  had sa t i s f ac to ry  analyt ical  
data for  ni t rogen.  
bOnly the mel t ing  point  of the p ic ra t e  is p resen ted  in [13]. 
CFrom e t h e r - p e t r o l e u m  e ther .  
d F r o m  methanol .  

2-Dimethylaminomethyl th iophene (Ia). Amine Ia [35.2 g (83%)], with bp 60-61 ~ (10 ram) and n~ 1.5180 
[4], was obtained by the Leuckar t  reac t ion  f rom 33.6 g (0.3 mole) of 2-formyl thiophene,  22.0 g (1.8 mole) 
of DMF, and 70 ml  of 8570 fo rmic  acid.  

2-(2-Diethylaminoethyi) thiophene (Ib, Table 1). Amine 1/o was obtained in 47% yield by the method in 
[6] f rom 29.3 g (0.2 mole) of 2-(2-chloroethyl) thiophene [7], 32.2 g (0.44 mole) of diethylamine,  and 150 ml  
of DMF. 

2(3-Diethylaminopropyl) thiophene (Ic, Table  1). As in the preceding  exper iment ,  Ic was obtained in 
87% yield f rom 2-(3-chloropropyl) th iophene [7]. 

2-(4-Diethylaminobutyl) thiophene (Id, Table 1). The acid diethylamide,  with bp 155-158 ~ (3 ram), was 
obtained in 9470 yie ld  by reac t ion  of 4-(2- th ienyt)butyryl  chloride [8] and die thylamine in e the r  a t - 1 0  ~ 
The die thylamide was reduced with l i thium a luminum hydride by the method in [9] to give amine  Id (94% 
yield). 

2-(5-Diethylaminoamyl) thiophene (Ie, Table 1). The acid diethylamide [91% yield, bp 155-156 ~ (2.5 
ram)] and amine Ie (90% yield) were  obtained success ive ly  by the method descr ibed  above f rom 5-(2-  
th ienyl)valeryl  chloride [10]. 

2-(6-Diethylaminohexyl) thiophene (If, Table  1). The acid diethylamide [93% yield, bp 168-170 ~ (3 
mm)] and amine  If (94% yield) were  obtained success ive ly  f rom 6-(2- th ienyl)caproyl  chloride [10]. 

1 -Die thylamino-4-heptanone  (lic, Table 2). Fine p ieces  of l i thium [1.67 g (0.24 g-atom)] were  added 
a t - 6 0  ~ in the course  of 10 min  to a s t i r r e d  solution of 7.9 g (0.04 mole) of Ie and 17.8 g (0.24 mole) of 
t e r t -bu ty l  alcohol in 300 ml  of liquid NH3, a f t e r  which the mix tu re  was s t i r r e d  at  - 6 0  ~ for  2 h. SolidNH4C1 
[12.9 g (0.24 mole)] was added in v e r y  sma l l  por t ions  to the mixture ,  and the ammon ia  was evaporated.  
The res idue  was d isso lved  in water ,  and the solution was ex t rac ted  repea ted ly  with e ther .  The combined 
organic  ex t r ac t s  were  washed with concentra ted  NaC1 solution and dried with MgSO 4. Dist i l lat ion gave 6.1 
g of ketone l ic [11]. 

1 -Die thy lamino ,5-oc tanone  (IId, Table  2). Ketone lid (6.9 g) was obtained as  desc r ibed  above f rom 
10.6 g (0.05 mole) of Id, 18.5 g (0.25 mole) of t e r t -bu ty l  alcohol,  and 1.73 g (0.25 g-a tom) of l i thium in 300 
ml  of liquid NH 3. 

1-Die thylamino-6-nonanone (lie, Table 2). Ketone He (3.61 g) was obtained f rom 6.75 g (0.03 mole) 
of Ie, 11.1 g (0.15 mole) of t e r t -bu ty l  alcohol,  and 1.04 (0.15 g-a tom)  of l i thium in 200 ml  of liquid NH 3. 

1 -Die thy lamino-7-decanone  (Ill, Table  2). Ketone ]If (9.36 g) was obtained f rom 12.0 g (0.05 mole) 
of If, 22.2 g (0.3 mole) of t e r t -bu ty l  alcohol,  and 2.08 g (0.3 g-atom) of l i thium in 400 ml  of liquid NH 3. 

1 -Die thylamino-3-hexanone  (lib, Table 2). The reduct ion of 9.1 g (0.05 mole) of Ib by means  of 2.08 
g (0.3 g-a tom)  of l i thium, 22.2 g (0.3 mole) of t e r t -bu ty l  alcohol,  and 300 ml  of liquid NHa was ca r r i ed  out 
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by the method descr ibed  above. Distil lation yielded 4.4 g of a v iscous  liquid with bp 127-132 ~ (0.7 ram). 
According to analysis ,  the product  contained more  than 10% sulfur,  had a molecu la r  weight approximately  
twice that of the original  molecu la r  weight, and apparently was the product  of incomplete reduction. The 
same amounts of the s tar t ing reagents  were  used in a repeated  exper iment .  After evaporat ion of the NH3, 
the crude product  was dissolved in dilute hydrochlor ic  acid, and the solution was allowed to stand over -  
night. It was then washed with pet ro leum ether ,  made alkaline to pH 9, and ext rac ted  repeatedly  with pe-  
t ro leum ether .  Disti l lation yielded 3.15 g of IIb [12]. 

1-Dimethylamino-2-pentanone (Ha, Table 2). A) The product  of the react ion o f  4.2 g (0.03 mole) of 
amine Ia with 1.25 g (0.18 g-atom) of lithium and 13.3 g (0.18 mole) of te r t -buty l  alcohol in 100 ml of liquid 
NH s was worked up as descr ibed for the prepara t ion  of ketone IIb, and 0~ g of a substance with amine char -  
ac te r  and bp 65 ~ (20 ram) was  isolated by distil lation. The remainder  of the react ion product  could not be 
disti l led without decomposition even on heating to 210 ~ at a p r e s s u r e  of 1 ram. In a control  exper iment  
only 2 equivalents of lithium and te r t -bu ty l  alcohol were used for the reduct ion of la, and the crude r e a c -  
tion product  was analyzed by GLC (with a column filled with polyethylene glycol adipate on Chromosorb  G 
and programming  f rom 40 to 165~ A small  peak due to 2-methylthiophene was r eco rded  along with sev-  
e ra l  other  peaks, the la rges t  of which is affi l iated with s tar t ing Ia. 

B) The react ion of 9 . 8 6 g  (0.07 mole) of Ia with 7.6 g (0.33 g-atom) of sodium, 24.4 g (0.33 mole) of 
ter t -butyl  alcohol,  and 300 ml  of liquid NH 3 was ca r r i ed  out at - 4 0  ~ (the react ion proceeds  ve ry  slowly 
below -45~ and the product  was worked up as descr ibed  in the prepara t ion  of Hb. Disti l lat ion yielded 1.18 
g of Ha [13]. 
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