
I s o m e r  {IX +X) ,  bp 5 6 - 5 7 ~  n~ 1.4720. IR spec t rum (v, cm-1): 890, 3090 (C:CH2),  920, 1000, 
3090 (--CH==CH2). PM_R s pec t rum  (6, ppm): 1.13 s (3H, CH--);  1.55 m (4H, --CH2--); 1.67 s (3H~ CH3--C=); 
3.06-3.83 m (3H, - -CH2--O-- ,  CH--O--) ;  4.69-6.01 m (5H, --CH=CH2);  m / e  166. Found: C 79.3; H 10.5%. 
CllHlaO. Calculated:  C 79.5; H 10.4%. 

C O N C L U S I O N S  

It has been shown for  the f i r s t  t ime  that  1- (2 ,7 -oc tad ieny l ) -2 ,5 -d iv iny l -  and 1- ( 2 , 7 - d i m e t h y l - 2 , 7 - o c t a -  
d ieny l ) -2 ,5 -d i i sopropenylp iper id ine  can be p r e p a r e d  by reac t ing  uro t ropin  with butadiene or  i soprene  in the 
p r e s e n c e  of a Pd(acac)2--PR3--AI(C2Hs)3--H2SO 4 ca ta lys t  (1:3:2:1.5). 
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C A T A L Y T I C  C O N V E R S I O N  O F  F U R A N  A M I N E S  I N T O  

P Y R I D I N E  A N D  P Y R A Z I N E  D E R I V A T I V E S  

I .  F .  B e l ' s k i i ,  F .  I .  B e l ' s k i i ,  
a n d  V .  M.  S h o s t a k o v s k i i  

UDC 542.97:547.722.6:547.821:547.861 

The cata lyt ic  hydrogenation of furan compounds containing functional groups  (hydroxyl,  carbonyl ,  or  
amino) in the 1, 3, o r  5 posit ion of the side chain with r e spec t  to the furan ring may  ini t ial ly r e su l t  in the f o r -  
mat ion of ? - ,  5 - ,  o r  e- type  bifunctional compounds.  New f ive - ,  s i x - ,  and s e v e n - m e m b e r e d  he terocycl ic  
compounds have been p r epa red  by hydrogenation of furan a lcohols ,  ketones and amines  [1-8]. 

In the p re sen t  work,  we have invest igated the hydrogenation of 2 -aminoa lky l -  and 2 - a m i n o a l k y l - 5 - a l k y l -  
furans  (I) in a cont inuous-f low s y s t e m  in the p r e sence  of Pt and Raney Cu--AI ca ta lys t s .  Compounds (I) a r e  
eas i ly  p r epa red  by reduct ive  aminat ion of a - a c y l f u r a n s  in the p re sence  of a Ni--A1 ca ta lys t .  The hydrogena-  
tion of {i) follows routes  (1)-(3) 

+ R--CCH~CII~CH~CH2R' 

11--(  ~/--CH--R" ~ R CH2B. I H' 0 (III) 
--NtI3 

0 LNH ~ , b,"o",a b ~ RCH.~CH~CH.~CCH2 W 
(I) (II) 0 

(1) 

Route (2), in which the amino group in the side chain is re ta ined and the furan ring is hydrogenolyzed through 
the C--O bond not adjacent  to the aminoalkyl  side chain,  r e su l t s  in the fo rmat ion  of pyraz ines  (Table 1) 
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--RCH2CH2CH~CHR'-- I 

[ ONH2. ] R" N CH2CH2CH2R 

I l (I) -~- H2 ' --H2 

] R'C~CH~CH~CH~R I RCtt~CH2CH~ N "R" (IV) (2) 

I u l 
a = H, a ' =  H (a), CH~ (b) 
R=CHa, R'=CH8 (C), C~H5 (d) 

By this route ,  2 ,5 -d ipropylpyraz ine  (IVa) is obtained f rom furfurylamine (la), and 2, 5 -d imethy l -3 ,6 -d ip ropy l -  
pyraz ine  (IVb) is obtained f rom l - f u r y l - l - a m i n o e t h a n e  (Ib) [9]. Hydrogenolysis  of the furan ring in the 2- 
aminoalkylfurans (la and Ib) takes place se lec t ive ly  at the C--O bond not adjacent to the side chain,  giving 
~ 50% yields of the pyraz ine  homologs (IV), the r ema inde r  being products  formed by elimination of the amino 
group followed by hydrogenolysis  of the furan r ing,  i . e . ,  compounds (If) and (HI). 

The yie lds  of pyraz ine  homologs (I-V) a r e  lower in the case  of the 2-aminoalkyl -5-a lkyl furans  (Ic and Id) 
because the l a t t e r ,  as well as undergoing react ion (2), also undergo hydrogenolysis  of the furan ring at the 
C--O bond adjacent  to the aminoalkyl  substi tuent (3). This resu l t s  in the format ion of 2 ,6-dia lkylpyr idines  [i0] 

�9 I-I, ['R--C--CHoCH2CH2CH--R"I --It, O i~-- ~ 
(Ic,d) -Pt*t ] ]) " ] | 

L 0 NH~ d -~' ~)~N~, (3) 

R=CHa; R'=CH3, C2H m 

The re la t ive  amounts of the products  fo rmed  f rom the 2-aminoalkyl -5-a lkyl furans  depends on the t empera tu re .  
At 220~ compounds (Ic) and (Id) give 40% 2 ,6-d ia lky lpyr id ines ,  35% 2, 5-dialkylfurans,  10-15% pyrazine  homo- 
logs,  and ~ 10% aliphatic ketones,  while at 300~ they give 25% 2 ,6-d ia lkylpyr id ines ,  40% 2, 5-dialkyffurans,  
10% pyraz ine  homologs and 20% aliphatic ketones.  

Small amounts (5-10%) of aliphatic amines a re  also formed by hydrogenolysis  of the furan ring and e l i -  
mination of the oxygen atom 

Hi 
(I) ~ RCH2CH2CH~CH2CHR" -{- H20 

NH2 

The furan amines can also be conver ted  into piperazine  and piperidine homologs by al ter ing the hydro-  
genation condit ions,  p r imar i ly  the H 2 p r e s s u r e .  Thus,  hydrogenation of furfurylamine and 1 - f u r y l - l - a m i n o -  
ethane under  flow conditions in the p resence  of a Raney Cu--A1 cata lys t  at 230-250~ and an H 2 p r e s su re  of 50 
atm gives the corresponding homologs of p iperazine  (70-80% yield) and piperidine (15-20% yield) (see Table 1) 

H~, 50atm[ (la ,b ) cu---CS-zXi-] 

H 
I 

R" N CH.~CH~CH2R 
�9 

RCH~CH~CH2 N R' 
I 

H 

R / x N / \ R ,  
I 

H 

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

The Raney Ni--A1 cata lys t  was p repa red  by incomplete  (50%) removal  of aluminum f rom a Ni--A1 alloy 
by leaching with 10% NaOH while cooling with ice .  The ca ta lys t  was washed with water  to remove alkali and 
s tored under alcohol.  The Raney Cu--A1 cata lys t  was p repared  s imi la r ly  f rom an alloy compris ing 45% Cu 
and 55% A1. A 10% Pt catalyst  was p repared  by impregnat ing BAU carbon with a solution of H2PtC16. The 
cata lys t  was reduced with H 2 at 250-300~ for  15 h. We p repa red  2-ace ty l furan ,  2-propionylfuran,  2 -methyl -  
5 -ace ty l - ,  and 2-methyl -5-propionyl furan  by acylating furan o r  2-methyl furan  respec t ive ly  with acet ic  or  
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TABLE i. Properties of Furan Amines, Pyrazines, and Piperazines 

Compound 

Furfurylamine 
1 -Furyl- 1-aminoethane 
1 -(5-Met hylfuryl)- 1- aminoethane 
1-(5- Methylfuryl)- laminopropane 
2,5-Dipropylpyrazine 
2,5-Dimethyl- 3,6-dipropylpyrazine 

_ 2,5-Dimethyl-3,6- d ibutylpyfa~ifie 
2,5 -Diethyl-3,6-dibutylpyrazine 
2,5-Dipropylpiperazine 

2,5-Dimethyl-3,6- dipropylpiperazine 

bp,'C 
(p, mm Hg) 

i44-145 (750) 
t46-i47 (750) 

66 (i4) 
77-80 (t7) 
106 (i8) 

iO0-102 (4) 
i43-145 (2) 
i57-160 (iO) 
1t2-1t3 (t5) 
mp 80 ~ 
60-62 (5) 

20 
nD 

L4893 
i,4780 
i,4800 
i,4764 
t,4828 
t,4862 
i,4882 
i,4852 

i,4540 

t,0506 
i,0024 
0,9750 
0,9639 
0,9272 
0,9205 
0,9000 
0,8922 

0,9i02 

propionic anhydride in the presence  of H3PO o and converted them to amines (I) by reductive amination in an 
autoclave in the presence  of a Raney Ni--A1 catalyst  [11] (see Table 1). 

The hydrogenation of the furan amines was car r ied  out under flow conditions by passing them in an H 2 
s t r eam through a catalyst  bed at 220-250~ with a space velocity of 0.1 h -1. The ca ta lyzates ,  which were 
yellow or  orange in color ,  were saturated with KOH, separated f rom the aqueous phase,  dried with anhydrous 
KOH, and distilled in a rectif ication column at a tmospher ic  and then reduced p re s su re ,  giving success ively  
the 2-alkylfurans (259~), aliphatic ketones (15~), and pyridines and pyrazine homologs (50%). The pyrazine 
homologs af ter  distil lation were pale-yel low liquids which turned dark-orange  on standing; the i r  constants and 
e lementary  analyses were determined soon af ter  distillation. The e lementary  analysis  data were in good 
agreement  with the calculated data. The pyridine fract ions contained small  amounts of aliphatic ketones and 
amines .  

Hydrogenation of 2-methyl -5-aminoethyl furan  on Pt--C gave 2-methyl -5-e thyl furan ,  bp 117-118~ 
mm,  n~ 1.4460, d~ ~ = 0.8935; 2 ,6-dimethylpyr idine [12] (which was freed of 2-heptanone and 3-heptanone im-  
puri t ies ei ther  by boiling with Na for  ~10 h o r  by converting into the hydrochlor ide,  extract ing an aqueous 
solution of this with e ther  to remove the ketones,  and treating the salt  with cone. KOH to isolate the 2 ,6 -d i -  
methylpyridine) ,  bp 142-143~ mm (after distilling over  Na), n~ 1. 4940, d 2~ 0.9169, picrate ,  mP 163~ 
(from alcohol); a fract ion ~4th a bp of 146-150~ ram, n~ 1.4120 (semicarbazone,  mp 117~ from alcohol) 
compris ing a mixture of 2-heptanone and 3-heptanone; and 2 ,5-d imethyl -3 ,6-d ibu ty lpyraz ine  (see Table 1). 

Hydrogenation of 2-methyl -5-aminopropyl furan  on Pt--C gave 2 -methy l -5 -n-propy l fu ran ,  bp 138-139~ 
750 ram, n~ 1. 4464, d~ ~ 0.8829; 2-methyl -6-e thylpyr id ine  [13], bp 160-162~ ram, n~ 1.4850, d~ ~ 0.8945 

o 20 (after distillation over  Na), p ic ra te ,  mp 127~ (from alcohol); a f ract ion with a bp of 167-172 C, n D 1.4150 
(semicarbazone,  mp 120~ compris ing a mixture of 2-octanone and 4-octanone; and 2 ,5 -d ie thy l -2 ,6 -d ibu ty l -  
pyrazine (see Table 1). 

The conversion of furfurylamine and 1 - fu ry l - l - aminoe thane  into piperazine and piperidine homologs ~ s  
ca r r i ed  out in a flow sys tem in the presence  of Raney Cu--A1 at 220-250~ and an H 2 p re s su re  of 50 atm with 
a space velocity of 0 . t -0 .15 l i ter ,  h -1. The catalyzates  were distilled in a rectif ication column to give r e spec -  
tively 2 ,5-dipropylpiperaz ine  and 2, 5-d imethyl -3 ,6-d ipropylp iperaz ine  (70-80% yield),  and also piperidine and 
2-methylpiperidine (15-20cI yield). The proper t ies  of the lat ter  are  in accord with l i terature  data. 

CONCLUSIONS 

i. The hydrogenation of furan amines containing an amino group in the side chain adjacent to the furan 
ring in the presence of a Pt catalyst under continuous-flow conditions at 220-250~ proceeds via two parallel 
routes, viz., elimination of the amino group in the form of ammonia to form furan homologs, and primary 
hydrogenolysis of the furan ring without elimination of the amino group to form pyridine and pyrazine homologs. 

2. Hydrogenation of furan amines under continuous-flow conditions in the presence of a Raney Cu--AI 
catalyst under a pressure of hydrogen results in the formation of piperazine and piperidine homologs. 

I. 

2. 

3. 
4. 
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R E A C T I O N  O F  A R Y L S U L F O N Y L  C O M P O U N D S  

W I T H  E X C E S S  O R G A N O L I T H I U M  R E A G E N T  

10. OPENING OF THE THIOPHENE RING IN fi-LITHIUM DERIVATIVES 

OF 2 , 5 - B I S  ( ter t-BUTYLSU LFONYL)THIOPHENE* 

F .  M .  S t o y a n o v i c h ,  G .  B .  C h e r m a n o v a ,  
a n d  Y a .  L .  G o l ' d f a r b  

UDC 542.957:547.73 

It  is known that the thiophene skeleton r e ma ins  unchanged under  conditions of e lect rophi l ic  and n u c l e o -  
phil ic (protophilic) a t tack .  Because  of this and o ther  f ac to r s ,  the thiophene s y s t e m  was at one t ime  regarded  
as a r o m a t i c .  It  has recent ly  been shown, however ,  that  the /3-lithium der iva t ives  of 2 ,5 -subs t i tu ted  thiophenes 
undergo c leavage  [2] to f o r m  li thium thiolates  {A), which give alkylthio de r iva t ives  (B) when t rea ted  with a lky-  
Luting agents 

Li 
/ ~ C ~ C R  1 --C~CR 1 

/ \  / \  
R 2 S R x SLi SR 8 

(A) (B) 

The mot ive  fo rce  for  this reac t ion  is evidently the fo rmat ion  of an acetylenic  bond as a resu l t  of ring 
opening by t r ans  1,2 e l iminat ion.  This  fact  is of cons iderable  impor t ance ,  s ince r ing opening does not occur  
in the case  of ~ - l i t h ium de r iva t ives .  All observa t ions  made hi therto re la te  to fi-l i thium der iva t ives  contain-  
ing e l ec t ron -donor  subst i tuents  in the 2 and 5 posi t ions .  

It has recent ly  been r epor t ed  that  the /3-lithium der iva t ives  of 2, 5-bis  ( t-butylsulfonyl)thiophene,  i .  e . ,  
compounds with e l e c t r o n - a c c e p t o r  subs t i tuents ,  undergo some react ion  which evidently involves the kind of 
r ing  opening c h a r a c t e r i s t i c  o f /3 - l i th ium-subs t i tu ted  thiophenes [3]. 

In the p re sen t  work  we will p r e s en t  data conf i rming this hypothesis .  T r e a t m e n t  of 2 ,5 -b i s  ( t -butylsul-  
fonyl)thiophene (i) with 5 equivalents  of l i thium d i i sopropylamide  (LiDIPA) at --40~ and then 20 ~ followed by 
methyla t ion with d imethyl  sulfate  and t r e a t m e n t  with 10% HC1 gives  N,N-di i sopropyl -3 , -methyl th io- /3-ch loro-  
v iny lace tamide  (II) and 1 ,4 -b i s  ( t -bu ty l su l f eny l ) - l -me thy l th io -3 -d i i sop ropy lamino-1 ,3 -bu tad iene  (III) 

~) LiDIPA 
2) Me, SO 4 j--% 

MesCS02 S SOzCMe3 
(I) 

* See [1] for  communica t ion  9. 
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