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Deceased 

- Cata ly t ic  hydrogenation o f  3-(4.4-dimethyl-5-keto-3-isoxa- 

zole)propionic acid (Ji) i n  g lac ia l  acet ic  ac id  i n  the presence o f  5% pa l l a -  

dium on charcoal gives 4-amino-5-methylhexanoic acid (2). Reductions o f  the 

corresponding ester. methyl 3-(4.4-dimethyl-5-keto-3-isoxazo1e)propionate (2) 

and amide. 3-(4.4-dimethyl-5-keto-3-isoxazo1e)propionamide (a) afford. 

however, r-isopropylbutyrolactam (2). Reductions of & and 2 i n  aqueous acet ic  

acid give 4-keto-5-methylhexanoic acid (t) and methyl 4-keto-5-methylhexanoate 

( l ) ,  respectively. On the other hand amide i s  converted t o  Z-hydroxy-5- 
1 

isopropylidene-A -pyr ro l ine ($1. Compound $ i s  also obtained i f  $ i s  reduced 

i n  acet ic  acid containing a small amount of hydrogen chlor ide. 

Syntheses of 3-(4.4-dimethyl-5-keto-3-isoxazo1e)propionic acid ( A ) ,  i t s  corresponding methyl 

es ter  methyl 3-(4.4-dimethyl-5-keto-isoxazo1e)propionate (2) and amide 3-(4.4-dimethyl-5-keto- 

3-isoxazole)~ropionamide ($1 from methyl 4.6-dinitro-5.5-dimethylhexanoate have recent ly been 

We are now report ing on the reductions of these compounds w i t h  5% palladium on 

charcoal a t  hydrogen pressures of about one atmosphere. Reactions which were performed i n  100% 

ethanol o r  g l a c i a l  acet ic  acid caused reduct ive c l e a ~ a g e . ~  Compound & was converted t o  4-amino- 

5-methylhexanoic acid ($1 i n  54% y i e l d  (Eq. 1). On the other hand 2 and gave r-isopropylbutyro- 

2 lactam (2) i n  y ie lds  of 78% and 72%. respect ively (Eq. 2). Apparently, e i t he r  the methyl es ter  

and amide of  $ o r  t h e i r  imine precursors, which formed during hydrogenation, undement subsequent 

r i ng  closure t o  5 .  

--, (CH3)2CH-CH(CH ) CO H 
EtOH o r  g l .  AcOH , 2 2  2 (1) 

NH, 



The course o f  these react ions was af fected when reductions were ca r r i ed  out  i n  ace t i c  ac id  

containing 7% water by volume. Compounds 1 and 2 were converted i n t o  5-methyl-4-ketohexanoic ac id  

($) and i t s  methyl es ter  ; i n  y ie lds  o f  71% and 58% respect ively (Eq. 3). Apparently, water 

deactivated the ca ta l ys t  so t h a t  reduction, a f t e r  r i n g  cleavage and decarboxylation, proceeded 

only t o  the imine analogs o f  $ and {wh i ch  underwent hydrolysis t o  i and l. 

i .  X = OH, 71% 

7, X = 0CH3. 58% 

Reduction o f  amide $, i n  acet ic  ac id  containing water d i d  no t  g ive  the expected product, 5- 

1 methyl-4-oxohexanamide ( t ) ,  but l e d  instead t o  5-isopropylidene-2-hydroxy-A -pyr ro l ine  ( Q )  i n  67% 

y ie ld .  Evidence has been obtained tha t  the imino compound and no t  2 i s  very l i k e l y  the  

precursor i n m e  formation o f  Q, f o r  reduct ion of $ i n  g l a c i a l  a c c t i c  ac id  containing hydrogen 

ch lor ide  also af forded g i n  55% y i e l d  (Eq. 4). I n  cont ro l  tests,  i t  was establ ished t h a t  amide 

$,was no t  a f fec ted by so lu t ions  of hydrogen ch lo r i de  i n  g lac ia l  acet ic  acid. 
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As shown i n  Chart 1, the presence of the  f i v e  membered r i n g  i n  e was establ ished by i t s  

reduct ion w i t h  hydrogen i n  the  presence of palladium on charcoal i n  g l a c i a l  ace t i c  ac id  t o  lactam 

. Oxidation o f  e w i t h  hot aqueous potassium permanganate gave acetone, i nd i ca t i ng  the 

presence o f  the isopropyl  group. Hydrolysis of 8 w i t h  concd. hydrochlor ic ac id  gave 

(68% y i e l d )  and a m n i u m  chlor ide.  

CHART 1 

HCl a PdIC; H2 
6 t NH4C1 > 5 

% 

The spectral  data of 5 are  i n  agreement w i t h  the  assigned structure;  however, the presence 

of the  tautomeric s t ruc tu re  8;t i s  no t  ru led out. The conjugated system i n  was c l e a r l y  ind ica ted 

i n  i t s  UV Spect rm a t  235 nm ( l o g  E 3.92); the i r  spectrum showed absorptions a t  3175 (OH o r  NH), 

3030 (CH), 1680 (C=N o r  C-0) and 1265 cm-'(c-0). The presence o f  11 pmtons, i n  the r a t i o  o f  

6:4:1 was ind ica ted i n  the  nmr spectrum [6(C0C13) 1.60 (d,6,CH3), 2.20 (t,4,CH2), 9.36 (s,l,OH o r  

NH)I. 

Since the transformation o f  amide $ t o  lactam involved the losss of carbon dioxide and 

amnonia (Eq. 2). i t  was of i n t e r e s t  t o  determine which of the  two nitrogens i n  $was re ta ined i n  

%. Reductions of 3-(4,4-dimethyl-5-keto-3-isoxazole)-N-methylpropionamide (g) and 3-(4.4- 

dimethyl-5-keto-3-isoxazo1e)-N-ethylpmpionamide (a) i n  g l a c i a l  ace t i c  ac id  gave N - m e t h ~ l - ~ -  

isopropylbutyrolactam ( E )  and N-ethyl-v-isopropylb~ty~~la~tam (Q) i n  y i e l ds  o f  70% and 61%, 

respect ive ly  (Eq. 2). These resu l t s  show t h a t  reductions of g and G, and by analogy, probably 

a lso  of $, pmceed w i t h  re ten t i on  o f  the  amide n i t rogen and the loss  of the  r i n g  nitrogen. 

Lactams g and U were found t o  be unstable a t  ambient temperatures, as evidenced by t h e i r  

d i sco lo ra t i on  w i t h i n  a few hours a f t e r  d i s t i l l a t i o n .  

Reduction o f  i n  ace t i c  ac id  containing hydrogen ch lo r i de  a lso  afforded i n  53% y ie ld .  

This i s  i n  cont ras t  t o  our observations w i th  compound $ the reduct ion o f  which, under s i m i l a r  

reac t ion  condi t ions d i d  no t  proceed beyond the conjugated double bond s t ruc tu re  5. Since i n  the 

case of G such a conjugated system cannot form, i t s  reduct ion leads t o m e  saturated lactam g 
even i n  the presence o f  hydrogen chlor ide.  



The reduct ion of g i n  the presence o f  water gave an inseparable mixture. Treatment o f  

t h i s  mixture w i t h  hydrogen ch lo r i de  gave keto-acid $ and ethylamnonium chlor ide.  It seems most 

l i k e l y  t ha t  these products arose from hydro lys is  of 4-keto-5-methyl-N-ethylhexanamide. 

Compounds s a n d  g. were prepared i n  y i e l ds  of 80% and 92% respect ively,  on t r e a t i n g  N,N'- 

2 2.2-tetramethyl-3-oximinoadipamide ( E )  and N,N'-diethyl-2,Z-dimethyl-3-oximinoadipamide ( 8 )  

w i t h  concd. su l f u r i c  acid. Canpounds and 8 were prepared by react ing  methyl 4.6-dinitro- 

2 5.5-dimethylhexanoate1 w i t h  methylamine and ethylamine, respec t i ve l y  (Chart 2). 

FH3 R N H ~  
0 NCH C-CH(CH2)2C02CH3 

P FH3 f l  
2-1 1 

RHNC-C-C-(CH2)2-CNHR 

CH3 NO2 

EXPERIMENTAL 

Apparatus, Reagents, and General Procedure f o r  Hydroqenations.-- 

A l l  hydrogenations were ca r r i ed  out  i n  a 250 ml f i l t e r i n g  f l ask  attached t o  an i nve r ted  U-tube, 

one end of which was immersed i n  a mercury we l l .  The apparatus was evacuated t o  approximately 

0.2 atm and hydrogen was introduced t o  1.0 atm. This procedure was repeated several times t o  

f lush a i r  f ran the system. S ta r t i ng  w i t h  a hydrogen pressure of 1.0 atm, the mixture was 

ag i ta ted w i t h  a magnetic s t i r r e r .  and,the course o f  the react ion  was fol lowed by the r i s e  o f  

mercury i n  the U-tube. Hydrogen was added t o  keep the pressure between 0.75 and 1.0 atm. I n  

a l l  react ions 0.5 g of Englehard's "5% Palladium on Carbon" was employed. The react ions were 

general ly complete i n  about two hours. 

J-Isopropylbutyrolactam (2)  .-- 
1 2-Hydroxy-5-isopropylidene-A -pyr ro l ine  (a) (1.25 g, 0.01 mol l  was hydrogenated i n  40 ml of 

g l ac ia l  acet ic  ac id  fo r  30 min. The react ion  mixture was f i l t e r e d  and the solvent removed 

m. The residue was dissolved i n  pentane, the so lu t i on  decolorized w i t h  ac t iva ted carbon and 

f i l t e red .  Evaporating the solvent and subliming the resu l t i ng  s o l i d  a t  1 0 0 ~  (8  mn) afforded 

2 0.54 g (43%) of u-isopropylbutyrolactam (5) :  mp 71.5-73.5' ( l i t .  mp 72-73'). 
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5-Methyl-4-ketohexanoic Acid (@.-- 

(a) F r m  3-(4.4-dimeth~l-5-keto-3-isoxazole)~mpionic Acid ( k ) .  Hydrogenation o f  1.85 g (0.01 

mol) i n  40 ml g l a c i a l  ace t i c  ac id  and 3.3 ml of water was fol lowed by f i l t r a t i o n  and evaporation 

of the  solvent %n. The residual  o i l  was dissolved i n  30 ml o f  water, the  so lu t i on  ex t rac te l  

w i t h  8 x 25 ml por t ions  of chloroform and the canbined ex t rac ts  d r i e d  (MgS04). The solvent was 

removed and the o i l  was dissolved i n  a 1:9 mix ture  of ether-pentane. Cooling i n  dry  

i c e  gave 1.04 g (72%) of 5-methyl-4-ketohexanoic ac id  (t): mp 41-43' ( l i t . 4  mp 41-42'); ir 

( n u j o l )  2860 (broad, ac id  OH), 1754 (ketone C=O), and 1724 cm" (ac id  C=O); nmr (CC14) 6 1.10 

[d.6.(CH3)21, 2.62 [m,5,(CH3)2CK and (CH2)21 and 11.62 (s,l,OH). 

1 I b )  From 2-Hydroxy-5-isopmpylidene-A -py r ro l i ne  (g). A so lu t i on  o f  (1.88 g, 0.015 mol) i n  

20 ml o f  concd. hydrochlor ic ac id  was ref luxed f o r  30 min and a f t e r  cool ing was extracted w i th  

6 x 25 ml por t ions  o f  chloroform. Drying the combined ex t rac ts  (MgS04) and evaporating the  

solvent &-gave an o i l  which was suspended i n  10 ml o f  pentane. Dropwise add i t ion  o f  

e ther  gave a c l ea r  so lu t i on  which upon coo l ing  i n  dry  i c e  deposited 1.47 g (68%) of $: mp 41-43: 

Methyl-5-Methyl-4-ketohexanoate (l).-- 
Methyl 3-(4.4-dimethyl-5-keto-3-isoxazo1e)propionate ( 2 )  (0.88 g. 0.01 mol l  was hydrogenated i n  

a mix ture  of 40 ml g l a c i a l  ace t i c  ac id  and 3.3 ml of water. The react ion  mix ture  was f i l t e r e d  

and the solvent removed. The residue was dissolved i n  75 ml o f  ch lomfonn and the so lu t i on  

extracted w i t h  aqueous s o d i m  carbonate. The aqueous l aye r  was then extracted w i th  6 x 25 ml 

por t ions  of ch lomfonn and the canbined ex t rac ts  were d r i ed  (MgS04). F i l t e r i n g  and d i s t i l l i n g  

5 gave 0.85 g (54%) o f  methyl 5-methyl-4-ketohexanoate (;I: bp 91-93' (13-14 mn) [ l i t .  bp 93' 

(13 mn)]; i r  (neat)  1748 (es ter  C=O), 1724 (ketone C-0). 1212 and 1170 cm-' (C-0); nmr (CCl ) 4 

6 1.09 [ d , 6 , ( C ~ ~ ) ~ ] ,  2.55 [m.5,(CH3)2CH and (CH2)21, 3.61 (s,3,0CH3). Anal. Calcd. for  C8HI4O3: 

C, 60.74; H, 8.92 mol. wt. 158. Found: C, 60.66, H, 9.00; mol. wt. 159 (CHC13). 

1 2-Hydmxy-5-isopropylidene-~ -pyr ro l ine  (g).-- 

A mix ture  cons is t ing  o f  3-(4,4-dimethyl-5-keto-3-isoxam1e)propionamide ($1 (1.84 g, 0.01 mol) 

40 ml of g l a c i a l  ace t i c  ac id  and 3 ml o f  water was hydrogenated and f i l t e red .  Removal of solvent 

i n  vacuo gave a s o l i d  t o  which were added 60 ml o f  chloroform and 30 ml o f  water. The water -- 
layer  was separated and extracted w i t h  30 ml o f  chloroform. The canbined chloroform ext rac ts  

were d r i ed  (MgS04) and evaporated i~ v w  t o  g i ve  a so l id .  Dissolv ing the s o l i d  i n  95% 
1 ethanol and coo l ing  t o  -70' afforded 0.83 g (66%) of 2-hydroxy-5-isopropylidene-A -pyr ro l ine  ( g ) :  



mp 163-166'; i r  ( n u j o l )  3175 (OH), 1689 (C=N) and 1265 cm-'; nmr (COC13) 8 1.60 , 

[d,6,(CH3)21, 2.60 [t,4,(CH2)21, 9.36 Is(broad),l,OH]. Anal. Calcd. f o r  C7H11NO: ' C,-67.17; . 
H, 8.86; N,'11.19; mol. wt. 125. Found: C, 67.52; H, 9.02; N, 11.19; mol. wt. 129 (CHC13). 

When $was hydrogenated i n  40 m l  o f  g l ac ia l  ace t i c  ac id  containing 0.2 mol of hydrogen 

chlor ide,  p y r m l i n e  8 was o b t a i n e d i n  55% y i e l d .  

N-Methyl-Y-isopropylbutyrolactam (&).-- 

The procedure described f o r  preparing was followed except t ha t  1.98 g (0.01 moi) of 3-(4.4- 

dimethyl-5-keto-3-isoxazole)-N-methylpropionamide (8) and 40 ml o f  acet ic  ac id  were employed. 

The y i e l d  o f  N-methyl-v-isopropylbutyrolactam (x) was 0.99 g (70%): bp 60' (0.55 mn): 

i r  (neat) 1694 cm-' (C-0); nmr (CCl'4) 6 0.83 [d,6,(CH3)21, 1.6-2.3 [m,5,(CH3)2Cl and (CH2)21, 

2.70 (s,3,CH3N), and 3.42 (m,l.CHN). Anal. Calcd. f o r  C8H15NO: C. 68.04; H, 10.71; N, 9.92; 

mol. wt. 141. Found: C, 67.49; H, 10.59; N, 10.04; mol. wt. 144 (CCT4). 

N-Ethyl-Y-isopropyl butyrolactam ( 2 )  

Hydrogenation of 2.12 g (0.01 mol) 3-(4,4-dimethyl-5-keto-3-isoxazole)-N-ethylpropionamide (g) 
i n  40 ml g lac ia l  acet ic  ac id  was followed by f i l t e r i n g  and satura t ing  the so lu t i on  w i t h  

hydmgen chlor ide.  The p rec ip i t a ted  amnonium ch lor ide  was removed and the solvent evaporated 

i n  vacuo. D i s t i l l a t i o n  gave 0.95 g (61%) of N-ethyl-v-isopropylbutyrolactam ( Z ) !  bp 117' -- 
(8 mn); ir (neat) 1695 cm-I (C.0); nmr (CC14) 6 0.9 lm,9,CK3-CH2N and ' ( c ~ ~ ~ ) ~ c H I ,  1.6-2.3 

[t,4,(CH2)21. 2.81 (m,l,CHN) and 3.52 (m,2,CH2N). Anal. Calcd. f o r  C9H17NO: C, 69.93; H, 11.04; 

N, 9.02; mol. wt. 155. Found: C, 69.27; H, 10.91; N, 9.26; mol. wt. 159 (CHC13). 

N.N'.2.2-Tetramethvl-3-oximinoadi~amide (a).-- 
Methylamine was added through a gas dispersion tube a t  room temperature t o  25 g (0.1 mol) o f  

methyl 4,6-dinitro-5.5-dimethylhexanoatel dissolved i n  a mixture of 100 ml methanol and 25 ml 

water. The temperature rose t o  the b o i l i n g  po in t  i n  about 15 min. A f te r  the add i t ion  of amine 

was terminated, t h e  react ion  mixture was cooled and s t i r r e d  1 h r  a t  room temperature. The 

so lu t i on  was concentrated i n  an a i r  stream t o  g ive  12.9 g (56%) o f  crude x, mp 175-180' (CH30H). 

Three add i t iona l  r ec rys ta l l i za t i ons  gave the ana l y t i ca l  sample, mp 180-182' (decompn.); ir (nujol)  

3125 (=NOH), 1652 (C-0) and 1582 cm" (C=N); nmr (020) 6 1.94 [ s , ~ , ( C H ~ ) ~ I ,  3.08 lt,4,(CH2)21, 

3.34 (s,3,NCH3) and 4.88 (m,3,NH and OH). Anal. Calcd. f o r  C10H19N303: C. 52.38; H, 8.35; 

N, 18.33; mol. wt. 229. Found: C, 52.47; H, 8.46; N, 18.46; mol. wt. 231 (H20). 
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3-(4,4-Dimeth~l-5-keto-3-isoxazole)-N-methylpmpionamide (g).-- 
A mixture o f  Canpound (11.45 g. 0.050 mol) and 15 ml of concd. su l f u r i c  ac id  was cooled i n  an 

i c e  bath f o r  1 h r  and was then allowed t o  stand a t  room temperature for  96 h. The react ion  

mix ture  was poured over i c e  and neut ra l ized w i th  aqueous methylamine a t  0'. The so lu t i on  was 

evaporated ( a i r  Stream), the  residue d r i ed  jf~ vacua and extracted f i r s t  w i t h  100 ml o f  ?-pro- 

panol and then w i t h  2 x 100 ml port ions of acetone. The combined ex t rac ts  were concentrated t o  

g i ve  5.2 g (52%) of cmpound $,: mp 102-103' (2-propanol); i r  (nu jo l ) ,  3225 (NH), 1785 ( r i n g  C=O) 

1667 (amide C.0). 1639 (C=N) and 1570 on-' (amide I 1  band); nmr (CDCI3) 6 1.38 [ s . ~ . ( C H ~ ) ~ I ,  

2.74 [ ~ I , ~ , ( C H ~ ) ~  and CH3NI and 6.50 (s,l,NH). Anal. Calcd. f o r  C9H14N203: C, 54.53; H, 7.12; 

N, 14.13; nml. wt. 198. Found: C, 54.51, H, 7.08; N, 14.39; mol. wt. 204 (CHC13). 

3-(4,4-0imethvl-5-keto-3-isoxazole)-N-ethylpropionamide ( a ) . - -  

2 A mix ture  cons is t ing  of N,N1-diethyl-2.2-dimethyl-3-oximinoadipamide (&) (58 g, 0.226 nml ) and 

80 ml of concd. su l f u r i c  was placed i n  an i c e  bath, s t i r r e d  u n t i l t h e  s o l i d  had dissolved, and was 

then allowed t o  stand fo r  24 h r  a t  ambient temperature. The so lu t ion  was poured over ice,  neutra- 

l i z e d  a t  0' w i t h  concd. amnonium hydroxide and evaporated. The remaining s o l i d  was extracted 

f i r s t  w i t h  300 ml of co ld  acetone and then by 4 x 100 ml por t ions  of hot  acetone. The combined 

ex t rac ts  were evaporated ( a i r  stream) t o  g ive  44 g (92%) o f  a: mp 108- l loO (2-propanol); 

i r  ( n u j o l )  3268 (NH), 1802 ( r i n g  C=O), 1681 (amide C=O), 1650 (C=N) and 1570 cm-' (amide I 1  band); 

nmr (COCl3) a 1.15 (t,3.NCH2-Ci3), 1.37 [ s , ~ , ( C H ~ ) ~ I ,  2.67 [m,4,(CH>)21, 3.29 (m,2,CH2-N) and 

7.32 (s,l,NH). Anal. Calcd. for  C10H16N203: C, 56.59; H, 7.60; N, 13.20; mol. wt. 212. Found: 

C, 56.53; H, 7.46; N, 13.14; mol. wt. 213 (CHC13). 
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