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INTRODUCTION

The work d escrib ed  in th is th e s is  was undertaken p rim a rily  

to Investigate the natu re  of the cyclic am ides fo rm ed  by Beckmann 

rea rran g em en t of unsym m etrically  substitu ted  cyeloheseanone ox­

im e s. The s tru c tu re s  of the cyclic am ides could be studied by 

degradative p ro ced u res involving ring opening, rem oval of the 

n itrogen  and form ation  of branched chain fa tty  e s te r s .  The ap ­

p ro p ria te  fa tty  e a te rs  could be syn thesised  by m ethods tha t would 

lead  unequivocally to the d ea ired  e s te r s . The e s te r s  obtained by 

syn thesis and by degradation of the cyclic am ides could be com ­

p ared  by physical constants and p rep ara tio n  of deriva tives. The 

identification of the e s te r s  obtained by degradation of the cyclic 

am ides would es tab lish  the s tru c tu re s  of the cyclic am ides.

The secondary  objective of th is investigation was to e s ­

tab lish  the s tru c tu re s  of c e r ta in  dialkyl substitu ted 1 ,5-penta- 

me thylene te tra a o le s . A num ber of dialkyl substitu ted  penta- 

m ethylene tetra& oles have been described  <J). The method of 

syn thesis used  in th e ir  p rep ara tio n  did not p erm it rigorous de­

te rm ination  of the position of the substituent® due to the possib ility
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of the form ation  of iso m eric  s tru c tu re s . The cyclic am ides, 

whose s tru c tu re s  could he estab lished  by the general m ethods 

d escrib ed  above could be converted  into dialkyl substitu ted  1,5- 

pen tam ethy lene te traeo les, The s tru c tu re s  of the tetr& soles so 

fo rm ed  would be known from  the method of p repara tion  and they 

would th e re fo re  se rv e  as re fe ren ce  compounds fo r the c la r if ic a ­

tion of the s tru c tu re  of s im ila r  te trazo le s  p rep ared  by o ther 

m ethods.



HISTORICAL

The p rep ara tio n  of oxime s from  ketones m ay lead  to the 

form ation  of e ith e r the syn o r the anti iso m er o r  a  m ixture of 

both  iso m ers . Ketones m ay fo rm  only one oxime due to energy 

d ifferences o r  s te ric  requ irem en ts of the oxime a; n ev erth e less , 

fa ilu re  of a ttem pts to sep ara te  the iso m ers  does not definitely  

indicate tha t only one Isom er has been form ed (2). In the Beck­

mann rea rran g em en t of ketoxim es one fact Is c le a r - - th a t the 

s tru c tu re  of the am ide form ed depends on the configuration of 

the oxime undergoing rearran g em en t ( 3 ,  4 ) .  The group tran s  to 

the hydroxy group m ig ra tes to the nitrogen. If the oxime is  a 

m ix ture of the two iso m ers  then the two iso m eric  am ides will 

be form ed. It is  a lso  possib le  tha t two isom eric  am ides could 

be obtained from  a single oxime iso m er if the conditions of the 

rea rran g em en t were d ra s tic  enough to cause the isom eriza tion  

of the oxime.

A num ber of oxime® of cylic ketones have been separa ted  

into the iso m eric  syn and anti fo rm s (5, 6, 7). The Beckmann 

rea rran g em en t of a p a ir  of s te reo iso m eric  m onocyclic ketoxim es 

has n ev er been investigated. In m ost instances no attem pt to
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sep ara te  iso m e rs  w as m ade p r io r  to subjecting the cyclic ketox- 

im es to  the rea rran g em en t. In the prev ious investigations of the 

Beckm ann rea rran g em en t of uasym m etrica l cyclic  ketoxim es a ll 

a ttem pts to sep a ra te  iso m ers  have been made with the lactam s* 

which w ere the products of the rearrangem en t.

The p rev ious investigations of the Beckmann re a r ra n g e ­

m ent of substitu ted  cyclic ketoxim es can  be c lassified  as follows; 

(!) R earrangem ents of sym m etrica lly  substitu ted cyclic ketoxim es 

w here only one lac tam  Is possib le . (2) R earrangem ents of on* 

sym m etrica lly  substitu ted  cyclic ketoxim es which s te ric a liy  favor 

only one oxime configuration and there fo re  favor the form ation  

of only one lactam , Substitution in the £-position  usually  favors 

the form ation  of a  single ketoxim e. (3) R earrange m eats of ua- 

sym  m etric  ally  substitu ted  cyclic ketoxim es which fo rm  both p o s­

sib le lac tam s. In th is group the ketone has an equal chance of 

form ing both oxime configurations and thus both rearran g em en t 

products a re  obtained.

The f i r s t  group may be disposed of quickly since the s t ru c ­

tu re  of the product is  n ever in doubt. It should be noted that a 

few w o rk ers have investigated  oxim es that fa ll in th is group in 

connection with o th e r investigations (8, 9* 10). The rea rran g em en t
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of 3,5-dim ethylcyclohexanone oxime (10) is  an exam ple fro m  th is 

group and m ay be rep re sen ted  as shown in P la te  1, F igure  1.

The second group contains by fa r  the la rg e s t num ber of 

substitu ted  cyclic  ketoxim es that have been subjected to  r e a r ­

rangem ent. The form ation  and the Beckmann rearran g em en t of 

the oxim es in these  cases  m ay be rep resen ted  as taking the 

co u rse  shown in P la te  !» F igure 2.

R earrangem ents of this type have been c a rr ie d  out with 

eyclopentanones (11-15, lb* 17) and with cyclohexanones (8, 10, 

11, 13-29)* The s te r ic  requ irem en ts of the substituen t in the 

2-position  cause the hydroxyl group to assum e a position anti o r  

tra n s  with re sp e c t to the substituent. The s tru c tu re  of the la c ­

tam s resu lting  fro m  the rearrangem en t of 2 -substitu ted cyclic 

ketoxim es is  in  accord  w ith the tra n s  configuration of these ox­

im e s. A few exceptions should be noted. Wallach (8) has suc­

ceeded in separating  two iso m eric  lactam s resu lting  from  the 

Beckmann rea rran g em en t of 2,4,4-trim ethyleyelohexanone oxime; 

how ever, he did not prove the s tru c tu re s  of the two products. 

Httckel and Doll (5) have sep ara ted  the syn and anti fo rm s of

2-cyclohexylc yclohexanone oxim e. W allach and Ost (18) in the 

rea rran g em en t of th is  sam e oxime have nevertheless found only
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one lac tam  which they proved to he 7-cyclohexyl- 2 -ketohexa- 

m ethylenim ine by oxidation to 6-cyclohexyl-6-ketohexanoic acid.

It should he noted that Shechter and K irk (12) in a  study of the 

v e ry  s im ila r  Schm idt reac tion  of 2 -substitu ted  cyclic ketones 

have found tha t the products a re  the sam e as  would be expected 

from  the Beckm ann rearran g em en t of the oxim es of these ketones 

The Schmidt reac tio n  w ith 2 -chlorocyclohexanone, however* gave 

a  low yield  of the unexpected lac tam , 3*ehlero~2«ketohexaineth* 

yienim ine. The favored  product was not iso la ted  but the form a* 

tion of adipam ide indicated tha t the rea rran g em en t also  o ccu rred  

in the expected direction*

The compounds studied in  this investigation a re  unsym* 

m e trica lly  substitu ted  cyclohexanone oxim es and p roperly  belong 

in the th ird  group. The Beckmann rea rran g em en t of a  num ber 

of oxim es of th is  type has been studied (8, 10, 16, 17, 30*32). 

W allach (8) has succeeded In iso lating  the two lac tam s resu lting  

from  the rea rran g em en t of 3- methylcyclohexanone oxime and the 

two lac tam s resu lting  from  the rea rran g em en t of 3 ,5 ,5 -trim eth - 

ytcyclohexanone oxime. Only in the f i r s t  case  did he prove the 

s tru c tu re s  of the products. All o ther investiga to rs of the Beck­

m ann rea rran g em en t of unsym m etrical oxime s of th is type have
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fa iled  la  e s tab lish  the s tru c tu re  of the lac tam  o r  m ixture of la c ­

tam® obtained*

It should be noted tha t a  few sim ple bicyclic ketoxim es 

have been rea rran g ed  (14, 24, 33, 34). but in no case  was it 

unequivocally estab lished  w hether a single product o r  m ix ture of 

p roducts resu lted .

The s tru c tu re s  of the lac tam s have been proved by a  

v a rie ty  of m ethods. In m any ca ses  the m ethod of proof is  spe­

cific  fo r  one compound o r  a  group of s im ila r  compounds. If the 

sub ject w ere covered  in  deta il the im portance of the d ifferent 

m ethods would be lo s t in  the m ass  of inform ation. The methods 

of proof can  be divided genera lly  a s  follows: (1) synthesis of

the lac tam  by ano ther method o r  hydro lysis of the lactam  to a  

known am ino acid, (2) hydro lysis of the lactam  to the am ino acid 

and reduction of the am ino acid  to the sa tu ra ted  acid  by hydriodic 

acid , (3) oxidation of the lac tam  to known compounds - - the oxida­

tion  m ay be p reced ed  by a  p re lim in ary  trea tm en t of the lactam  

such as hydro lysis to the amino acid and reaction  of the la tte r  

w ith n itro u s acid , (4) an unusual proof that cannot be c lassified  

in the foregoing. R epresentative exam ples of each method will 

be d iscussed .
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T here a re  many instances in the li te ra tu re  where lactam s 

have been synthesized  by heating the appropria te  am ino acids. 

M oat of these  lac tam s have not been p rep ared  by the Beckmann 

rea rran g em en t * H ildebrand and B ogert (11) have describ ed  the 

only instance w here the lac tam  w as syn thesised  specifica lly  to 

prove the s tru c tu re  of a  product re  suiting from  the Beckmann 

rearran g em en t. They have syn thesised  6 -propyl-2-ketopenta- 

m ethyleitim ine fro m  Z -p  ropylpiperidiae by benzoylation, oxidation 

w ith po tassium  perm anganate to the benzoyl derivative of the 

am ino acid, hydro lysis with concentrated  hydrochloric ac id  to 

the am ino acid  and heating the la tte r  to form  the lac tam  ring. 

Shechter and K irk  (12), In th e ir  study of the Schmidt reaction , 

have proved the s tru c tu re  of 3 -ch lo ro - Z -ketohexam ethylenim ine 

by hydro lysis followed by benzoylation to form  the known 2- 

chloro ~ 6-bcnzoylam inohexanoic acid. O ther exam ples in th is 

group involve sim ple hydro lysis to amino acids whose s tru c ­

tu re s  had p rev iously  been proved.

The second method used to prove the s tru c tu re s  of la c ­

tam s is  based  on the investigation of Kwisda (35). The am ino 

ac id  p rep a red  by hydro lysis of the lactam  is  heated to about 

200° C. in  a sealed  tube fo r approxim ately tw enty-four hours
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w ith co n e tn tfa te d  by d r iodic acid. It apparently  is  n ec e ssa ry  to 

use hydriodic ac id  of a c e rta in  m inimum concentration in  o rd e r 

to effect sa tis fac to ry  reduction  (35, 36). Some useful m odifications 

of th is  p rocedure  have been made by M ieseher and B ille ts r  (37). 

H ildebrand and B ogert (11), as  well as  Shechter and K irk (1.2), 

have used th is method to  prove the s tru c tu re s  of some lac tam s 

p rep a red  fro m  2-substitu ted  cyclic ketones. None of these w ork­

e r s  have iso la ted  the sa tu ra ted  acids; but, they have made the 

p-phenylphenacyl derivatives from  the purified  resid u es from  the 

reac tion  m ix tu res. These derivatives w ere then com pared w ith 

the known com pounds.

Oxidation e ith e r alone (10, 14, 16, Id) o r  in com bination 

with o ther trea tm en ts  (8, 15, 27) has been used extensively to 

prove the s tru c tu re  of lac tam s resu lting  from  the Beckmann r e ­

arran g em en t of cyclic ketoxim es. Wallach and O st (18) studied 

the rea rran g em en t of 2 -c yclohexylcyelohexanone oxime. T heir 

proof of s tru c tu re  can be schem atically  rep resen ted  as shown 

in P la te  2.

The 7~cyclohexyl -2 -ketohexam ethylenim ine, HI, that they 

obtained as  product from  the Beckmann rea rran g em en t was hy­

dro lysed  to the am ino acid , V, which was oxidised to the keto
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acid* IV* The k«lo acid , IV* was a lso  obtained by oxidation of 

tbs s ta rtin g  ketone* 2-cyclohexylcyclohexanone, I* The s tru c tu re  

of tbs keto acid . XV* was fu rth e r  estab lished  by rea rran g em en t 

of Its oxim e and hydro lysis of the resu lting  am ide to  cyclohexyl* 

am ine and adipic acid.

Ungnade and M cLaren (IQ) in favorable ca ses  have used  

an oxidation with hypoiodite to prove the s tru c tu re s  of ce rta in  

lactam s* They studied the rea rran g em en t of a num ber of mono** 

di* and tr i-m e th y l substitu ted  cyclohexanone oxim es. A m ajority  

of these  m ethyl substitu ted  cyclohexanone oxim es contained a 

m ethyl group in the 2*position. The form ation  of the oxime s and 

th e ir  rea rran g em en t thus favored  the form ation  of ?*methyl 

substitu ted  2*ketohexam ethylenim ines as has a lread y  been dis* 

cussed . These lac tam s w ere then hydrolysed to the 6-amino* 

heptanoic ac ids and the s tru c tu re s  of the am ino acids estab lished  

by trea tm en t with hypoiodite and isolation of the iodoform . The 

adipie acids resu lting  fro m  the hypoiodite oxidation w ere also  

identified in som e ca ses . The yield of iodoform  n ev er exceeded 

eleven p e rcen t of the theoretical* In one case they attem pted to 

im prove the yield  of iodoform  by f i r s t  converting the am ino acid  

to the keto acid  by trea tm en t with n itrous acid and oxidation of
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the product w ith chrom ic acid. T reatm en t of the resu ltin g  keto 

acid  w ith hypoiodite s ti ll  led  to a  low o v e r-a ll yield of iodoform* 

W allach (8) has proved the s tru c tu re  of the two isom eric  

lac tam s resu lting  from  the rea rran g em en t of 3 ~ me thy 1c y clohsx - 

anone oxim e by an oxidative degradation. His work with th is 

oxim e m ay be schem atica lly  rep resen ted  as shown in P la te  3.

He sep ara ted  the two iso m eric  lac tam s rep resen ted  by 

F o rm ulas 1 and II. The s tru c tu re  of 6- methyl -2 -ketohexam e th- 

ylenim ine, X, was estab lished  by hydro lysis to the amino acid 

hydrochloride, III. The am ino acid hydrochloride was then trea ted  

w ith sodium  n itr ite  and gave an unsatu ra ted  acid  that was r e ­

moved by steam  d istilla tion  and a  residue containing a hydroxy 

ac id , IV. The residue was oxidised with chrom ic acid  and gave 

a s  products a d icarboxylic acid  and 5-ketohexanoic acid, V, which 

was ch a ra c te rised  as the sem icarbasone.

The 4~methyl*2 -ketohexam ethylenim ine, II, was hydrolysed 

to its  am ino acid  hydrochloride, VI, The amino acid  hydrochloride, 

VI, was then oxidised with alkaline perm anganate to  the known

3-m ethyladipic acid, VII.

W allach e t al. (27) estab lished  the stru c tu re  of the la c ­

tam  resu lting  from  the Beckmann rearran g em en t of 2 ,2 ,5 - tr i-
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m ethylcyclohexanone oxim e. T heir p rocedure  m ay be schem at­

ica lly  re p re se n ted  a s  shown in P la te  4.

They iso la ted  the lactam , 4 ,7 ,7 -tr im e th y l-2 -ketohexa- 

m ethylenim ine, II, as  p roduct of the Beckmann rea rran g em en t 

of the oxim e, I. The lac tam  was converted  to the unsatu ra ted  

acid , HZ, by heating under p re s su re  with concentrated  su lfuric 

acid . The unsa tu ra ted  acid, III, was then oxidised with p o ta s­

sium  perm anganate to the known products 3-m ethylg lu tarie  acid, 

V, and acetone, IV,

Von B raun and Heymons (19) have proved the s tru c tu re  

of the 7-m ethyl -2 -ketohexam ethylenim ine resu lting  from  the r e ­

a rran g em en t of 2 -methylcyclohexanone oxim e. The s tru c tu re  of 

th is  lac tam  has since been estab lished  by m ore conventional 

m ethods (10, 11, 12) but the unusual method of von B raun and 

Heymons deserve#  m ention here* T heir m ethod of proof may 

be rep resen ted  as  shown in P la te  5.

They had estab lished  that lactam # of s tru c tu re , I, with 

no alkyl substitu tion in the 3-position, would fo rm  a d ich loro- 

laetam , II, when tre a ted  with ex cess  phosphorus pentachloride. 

This ch lorinated  lactam , XX, could then be converted into the 

hydrochloride of the 2 ,2-dichloro-6-am inohexanoic acid, III. If
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the lac tam  trea ted  in  th is way w ere substitu ted  in  the 3-position  

w ith an alkyl group, as rep resen ted  by F orm ula  IV, then the 

corresponding  m onochlorinated products V and VI would be 

fo rm ed . The Beckmann rea rran g em en t of 2-m ethylcyclohexanone 

online can lead  to the 3-m ethyl substitu ted  lactam  o r the 7-m ethyl 

substitu ted  lac tam  rep resen ted  by F orm ula VII. Von B raun and 

Heymons found th a t the lactam  form ed by the rearran g em en t of 

th is  oxlme could be tran sfo rm ed  into a d lchlorolactam  and a 

d ichloro  am ino ac id  hydrochloride. T h eir product was th e re ­

fo re  7-m ethy l-2 -ketohexam ethylenzm ine, VII, and it  was tr a n s ­

fo rm ed  by reaction  with phosphorus pentachloride into the d i- 

ch lo ro lactam , VIII, which was fu rth e r tran sfo rm ed  into the d i­

ch loro  am ino acid hydrochloride, IX.

The method of proof of s tru c tu re  of the lac tam s described  

in th is th es is  is  s till som ewhat d ifferent than the previous m ethods 

used; how ever, it  w ill be evident in the following d iscussion  that 

the m ethod uses well-known reactions and can be applied to  a 

wide v arie ty  of lac tam s.



DISCUSSION

A study has been made ©f the s tru c tu re s  of the lac tam s

resu ltin g  from  the Beckmann rea rran g em en t of 3-m ethyl-S -

ethylcyclohexanone oxime. This oxime was not available from

com m ercia l sou rces and its  p rep ara tio n  req u ired  the synthesis

of the in term edia te  ketone. In view of the ease of p repara tion

and the availab ility  of the sta rting  m a te r ia ls , the m odified

Knoevenogel technique of Hom ing, D eaekas, and F ield  (38, 39,

40) was used to synthesize 3-m ethy l**5-e th y l- A  -cyclohexenone.

The p rep ara tio n  of the unsatu ra ted  ketone m ay be schem atically

rep resen ted  as shown in P la te  6.

On® m ole of propionaldehyd®, 1, and two m oles of ethyl

ace to acsta te , II, in the presence of diethylam ine, condense to

fo rm  the b is e s te r ,  HI. T reatm ent of Compound III with alkali

and heat effects the cyclization to 3-m ethyl*5-ethy l-4 ,6 -d icarbo - 

2ethoxy- A  - cyclohe xenon®, IV, and the fu rth e r saponification and
.2

decarboxylation  of IV to form  3 m ethyl-5 -e thy l- A  -cyclohexenone, 

V. The unsatu ra ted  ketone, V, was catalytic ally  reduced to 3- 

m ethyl-5-ethylcyclohexanone by essen tia lly  the method of Henze, 

Wilson, and Towniey (41).
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2The unsa tu ra ted  ketone. 3~methyl*5*ethyl~ A  -cyclohcxe- 

none, is  asy m m etric  and ex is ts  as  two optical Iso m ers . Tike 

reduction  of each  optical iso m er m ay lead  to the e ls  o r  tran s  

a rran g em en t of the m ethyl group with re sp e c t to  the ethyl group. 

The 3-m ethyl~5 -cthylcyclohexsxion©, th e re fo re , m ay ex is t a s  four 

Iso m ers , one el# racem ate  and one tran s  raeem ate . No attem pt 

has been made in  th is investigation to determ ine if  a ll the p o s­

sib le iso m ers  a re  form ed, n o r to sep ara te  the iso m ers  tha t a re  

fo rm ed . The re la te d  3, S~dimethylcyelohexaaone, which m ay ex is t 

only as  e ls  - tra n s  iso m ers  , has been p rep ared  by the method 

ju s t  d escrib ed  and has been found to have the c is  configuration 

(42. 43). T herefo re , the 3-m ethy l- S-ethylcyclohexsnone, used 

In th is investigation, probably is  the c is  racem ate .

The 3-m ethyl- 5-ethyleyclohexanone was converted into its  

oxixne by trea tm en t with an aqueous solution of hydroxylam ine. 

The liquid  oxime boiled over a narrow  tem pera tu re  range and 

due to the p o ssib ility  of many iso m ers  frac tiona l d istilla tion  was 

not considered  feasib le . Each isom eric  ketone m ay lead  to a 

aya and an an ti fo rm  of the oxime. There a re  four possib le 

iso m eric  ketones and thus the re  a re  eight possib le  iso m eric  

3-m ethyl-5-ethylcyclohexanone oxime s. Using the te rm s  cis
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and tra n s  to  designate configurational re la tionsh ips of the alkyl 

groups in  the cyclic  ketones and sya and anti to designate geo­

m e tric  iso m erism  of the oatime group, th e re  would thus be four 

oxime racem ates , the c l s - sya oxim e, the c is -a n ti oxim e, and 

s im ila rly , the tr a n s - syn and t r a n s *anti oxim e. It has a lready  

been noted tha t the alkyl groups substitu ted on the ketone p ro b ­

able have the c is  configuration. If th is be tru e  then only the■><W II III ' w

c i s - syn and the c i s - anti racem ates  of the oxime would be form ed. 

F o r  the purposes of th is investigation the oxime was considered  

to co n s is t sim ply of the syn and anti fo rm s, No attem pt was 

m ade to  sep ara te  the syn and anti fo rm s of the oxime since the 

conditions of rearran g em en t probably would have been d ra s tic  

enough to effect isomeriasation.

The theory  of the Beckmann rearran g em en t has been d is ­

cussed  adequately elsew here <3, 4, 44-52). Concentrated su l­

fu ric  ac id  was used in th is investigation to effect the Beckmann 

rea rran g em en ts . There a re  indications in the l i te ra tu re  (53-55) 

tha t a  high tem p era tu re  of rea rran g em en t with th is agent is  not 

d es irab le  and ce rta in ly  the avoidance of high tem p era tu re  e lim ­

inates considerab le decom position of the product by the hot con­

cen tra ted  acid . A p re lim in a ry  investigation of the Beckmann
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re a rran g em en t of cyclohexanone oxime dem onstra ted  tha t the 

m ethod of M arvel and Eck (16) coaid he m odified to  avoid v ery  

v io lent reac tio n  w ith i ts  accompanying high tem perature* The 

su lfu ric  ac id  was heated to the tem p era tu re  n ec essa ry  fo r  rea r*  

rangem ent and the solid  cyclohexanone oxime was then added 

portionw lse so tha t the tem p era tu re  of the reac tion  did not ex ­

ceed  130* C. It should be noted in passing  that the tem pera tu re  

contro l was considerab ly  e a s ie r  w ith the 3-raethyl~5-ethylcyclo- 

hexanone oxime since the rea rran g em en t was not a s  exotherm ic 

in th is case .

H ildebrand and B ogert ( II)  have dem onstrated  that in  the 

case  of the rea rran g em en t of cyclohexanone oxim es with su lfuric 

ac id  m ore  concentrated  acid  leads to substantially  b e tte r  yields 

of lac tam . A p re lim in ary  investigation of the Beckmann rea r*  

rangem ent of cyclohexanoite oxime using la rg e r  am ounts of s ta r t ­

ing m a te r ia ls  and the m odified method of rea rran g em en t ju s t 

d escrib ed  has substan tia ted  the claim  of these  investiga to rs. It 

was found in  the p re sen t investigation that su lfuric acid  of con­

cen tra tio n  g re a te r  than ninety p ercen t gave substan tia lly  b e tte r  

y ields of € -eap ro lae tam  than low er concentrations. However, 

fo r  su lfu ric  acid  concentrations of 90 to  97 p ercen t the yields
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w ere approxim ately  the sam e. The com m ercia l concentrated  

su lfu ric  acid  was there fo re  used fo r  la te r  rea rran g em en ts  b e ­

cause of the convenience.

The Beckmann re  arran g e  men! of 3 -m ethyl - 5 -ethylcyclo- 

hexanone oxim e may lead  to the two s tru c tu ra lly  iso m eric  la c ­

tam s. The course  of the rea rran g em en t m ay be rep resen ted  

as shown In P la te  T.

If Form ula VI is  designated as rep resen ting  the syn form  

of the oxime* then Form ula VIII would re p re se n t the anti fo rm  

of the oxim e. There a re  four Isom eric  oxim es that can be re p ­

resen ted  by F o rm ula  VI, a  c is  racem ate  with the alkyl groups 

a rran g ed  in a  c is  configuration with re sp ec t to each other* and 

a  tra n s  racem ate  with the alkyl groups a rran g ed  In a tran s  con­

figura tion  w ith re sp ec t to each o th er. All iso m eric  oxim es re p ­

resen ted  by F orm ula  VI* on rea rran g em en t lead  to d ifferent iso ­

m eric  lactam s* which m ay be rep resen ted  by Form ula VII. 

S im ilar considerations apply to the isom eric  oxim es and the iso ­

m eric  lac tam s rep resen ted  respective ly  by Form ulas VIII and IX. 

The lac tam s rep resen ted  by Form ula VII a re  s tru c tu ra lly  is o ­

m eric  with the lactam s rep resen ted  by Form ula IX. There a re  

eight possib le  iso m eric  oxim es and each  isom eric  oxime on
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rea rran g em en t would lead  to a  d iffe ren t iso m eric  lac tam . There* 

fore* th e re  a re  eight possib le  iso m eric  lac tam s tha t could re su lt 

fro m  the Beckmann rea rran g em en t of 3~m ethyl-5-ethylcyclohex- 

anone oxim e. If the alkyl groups a re  assum ed to  hare  the c is  

configuration, fo r  the reason  sta ted  previously , then the Beck* 

maim rea rran g em en t of th is  oxime m ixture could lead  to the 

two s tru c tu ra lly  isom eric  lac tam s rep resen ted  by F orm ulas 

VII and IX, each  of which Is a  racem ate .

3-M ethyl-5*ethylcyclohexanone oxime has been rea rran g ed  

and the p roduct purified  by d istilla tion . The product boiled over 

a  n a rro w  tem p era tu re  range and frac tio n a l d istilla tion  was not 

considered  feas ib le . The product solidified on cooling to room  

tem p era tu re  and was purified  fu rth e r by reery sta lliaa tio n . Melt* 

Ing points of the various crops of c ry s ta ls  from  the c ry s ta ll is a ­

tion m edia indicated tha t a t le a s t two iso m eric  lactam s had r e ­

su lted  fro m  the rea rran g em en t of the oxim e. One pure iso m er 

m elting a t 105.@ to 106,2* C. could be Isolated from  the m ixture 

by a  p ro c e ss  of frac tio n a l c ry s ta llisa tio n  using "hexane*' a s  the 

solvent. All the rem aining m ix tu res of varying content of iso ­

m e ric  lac tam s m elted within the tem pera tu re  range of 75 to 

106.2* C. Another pure iso m er m elting a t 100.3 to 101.3* C.
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could be iso la ted  by ex trac tio n  of the lour m elting m ix tu res with 

cold ethyl ace ta te  followed by extensive re c ry s ta lli  nation from  

"hexane*1 of the resid u es le ft from  the evaporation of the ethyl 

aceta te  e x tra c ts . M ixtures of the two pure iso m ers  seem ed  to 

indicate tha t only these two iso m ers  w ere p re se n t and tha t th e ir  

eu tectic  m ixture m elted a t approxim ately 75* C.

The developm ent of a  sa tisfac to ry  method fo r proving the 

s tru c tu re s  of the lac tam s resu lting  from  the Beckmann rea rran g e*  

m eat of 3 -m ethy l*5*ethylcyclohexanone oxime was undertaken using 

the p a ren t compound* e -cap r ©lactam. The d es ired  re su lt was to 

obtain sa tu ra ted  ac ids o r  e s te r s  from  the lac tam s since the 

dialkyl substitu ted  sa tu ra ted  acids o r e s te rs  could be unequivo­

ca lly  synthesized with a  com paratively  few well-known reac tions. 

Some p re lim in a ry  a ttem pts to  reduce e -cap ro lac tam  to  caproic 

ac id  with concentrated  hydriodic acid, following in genera l the 

p rocedure  of Kwisda (35) showed little  p rom ise . This method 

su ffers som ewhat in tha t norm ally  only sm all quantities of m a ­

te r ia l  m ay be reduced a t one tim e and the aqueous solutions 

used develop considerab le p re s su re  a t the high tem pera tu re  

needed fo r reduction (35, 36).
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It is  well known that n itrous acid  re a c ts  with aliphatic 

am ines to give p roducts devoid of n itrogen. Whitmore and Lang* 

lo is  (ST) have investigated  the reac tion  of n itro u s acid  with bu~ 

ty lam lne. The n itro u s acid  in th e ir  study was generated  by 

tre a tm en t of sodium n itr ite  with hydrochloric acid. They found 

tha t the m ajo r products resu lting  from  the n itrous acid  trea t*  

m ent of butylam ine w ere straigh t*chain  butanes, butyl alcohols 

and butyl ch lo rides. If n itrous acid  reac ted  analogously with 

€ *am inocaproic acid , which could be obtained by hydrolysis of 

e -cap ro lac tam , then the products would be u asa tu ra ted  caproic 

ac ids, hydroxy capro ic acids and chloro caproic ac ids. The 

reac tion  could be rep resen ted  a® shown in P la te  8.
H elferich  and M alkomes (§&} have investigated the reac* 

tion of sodium  n itr ite  with c -am inocaproic acid  hydrochloride, 

resu lting  from  the hydrolysis of e«caprolactam . They obtained 

approxim ately  a twenty p ercen t yield of hexenoic acid as m ain 

product. A sm all quantity of a lactone was iso la ted  by fu rth e r  

trea tm en t of the residue from  the d istilla tion  of the hexenoic 

acid  but no o ther products w ere identified, The possib le products 

of th e ir  reac tion  have been rep resen ted  prev iously  by F orm ulas 

XII through XVII. The p resence  of two reac tion  cen te rs  in these
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eom pooadi lead s to  difficulty in th e ir  iso lation . F o r  exam ple, 

the C -hydroxycaproic acid , rep resen ted  by F orm ula  XIV, m ay 

undergo the changes on attem pted  iso lation  shown in P la te  9.

The C -hydroxycaproic acid, under the influence of heat, 

m ay cycliae to the lactone, XVIII <59, 60), o r  m ay po lym erise 

to a  long chain po lyester, XIX <61, 62), The o ther possib le 

hydroxy and chloro  substitu ted  caproic ac ids, rep resen ted  by 

F o rm u las XV through XVII, could possib ly  undergo s im ila r  

changes. The la rg e  percentage of unidentified product of H el- 

fe r ic h  and M alkomes <56) was presum ably  polym er resu lting  

fro m  the transfo rm ations ju s t described , ^ a lla c h  (15, 16) has 

investigated  the reac tion  of n itrous acid  w ith € -am ino capro ic 

ac id s . His work dem onstrated  that unsatu ra ted  caproic acids 

and hydroxy capro ic  acids w ere among the products of the r e ­

action. The reac tion  of n itrous acid  with c-cap ro lac tam  o r  the 

am ino acid  and its  deriva tives was chosen fo r fu rth e r  develop­

m ent since i t  p rom ised  to yield a fa ir  amount of unsatu ra ted  

acid  which could be tran sfo rm ed  easily  to caproic acid.

A sem iquantitative investigation of the reaction  of n itrous 

acid  with C -am inocaproic acid  and various of its deriva tives was 

undertaken. The purpose of the investigation was to determ ine
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XVIII

HO (CHg) g C O ^  (CH2 ) g O o L o  (CH2 ) gCOOH

m r



34

which p rocedure  rem oved the m ost o rgan ically  bound nitrogen.

It wee fe lt  th a t analysis of the various solutions fo r  n itrogen  

by the Kjeldahl p rocedure  would roughly indicate the am ount of 

o rgan ica lly  hound n itrogen  that rem ained  in  the solutions a fte r  

the n itro u s acid  trea tm en t. Kornbium and Iffland (63) have dem ­

o n stra ted  tha t aliphatic  am ines do not re a c t w ith n itrous acid  a t 

a  pH low er than 3. The various experim ents in th is p re lim in ary  

investigation  w ere th e re fo re  c a rr ie d  out in  acetic  acid  solutions 

o r  In m inera l acid  solutions buffered with po tassium  aceta te .

One exception to th is will be noted la te r .  In b rie f the p rocedures 

used w ere as follow s. All w ere c a rr ie d  out below 5° C. Method 

A consisted  of the trea tm en t of c -eap ro lactam  d isso lved in fifty 

p e rce n t ace tic  acid  with sodium n itr ite . The reac tion  m ixture 

was ex trac ted  w ith an organic solvent. The residue le ft on 

evaporation  of the solvent was tre a te d  fu rth e r  w ith concentrated  

po tassium  hydroxide to decom pose the n itro so  compound if form ed, 

as  w ill he explained la te r .  The aqueous alkaline solution was 

m ade acid  to Congo re d  and ex trac ted  again w ith e th e r. Method 

B consisted  of the trea tm en t with sodium n itr ite  of e -capro lactaro  

d isso lved  in twenty p ercen t su lfuric acid. This method was the 

one exception noted prev iously  w here the m inera l acid  solution
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was not buffered. The residue le ft from  the evaporation of the 

solvent e x tra c ts  was tre a ted  as In Method A to decompose the 

n itro so  compound If fo rm ed  and then acidified  to Congo red  and 

ex trac ted  w ith ether* Method C consisted  of the trea tm en t with 

sodium  n itr ite  of € -am inocaproic acid hydrochloride d isso lved 

In w ater and buffered with po tassium  aceta te . Method D consisted  

of the trea tm en t with sodium n itr ite  of e-am inocaproic acid  die* 

solved in fifty  p ercen t acetic acid* Method E consisted  of the 

trea tm en t with sodium n itr ite  of ethyl £ -aminocaproat© hydro* 

chloride d isso lved  in w ater and buffered with potassium  aceta te . 

Method F  consisted  of the trea tm en t with sodium n itr ite  of ethyl 

€ -am inocaproate d issolved in fifty p ercen t acetic acid. The r e ­

action  m ix tu res obtained In methods C to F  w ere made ac id  to 

Congo red  and ex trac ted  with e th e r. Aliquots of a ll solutions 

w ere analysed fo r  n itrogen  by the Kjeldahl method. The com* 

poslte  re su lts  a re  sum m arised  in Table I. Complete re su lts  

a re  given in  Table HI.

Method B, which was the trea tm en t with sodium n itr ite  

of e -cap ro lac tam  dissolved in twenty percen t sulfuric acid, and 

Method D, which was the trea tm en t with sodium  n itr ite  of e -a ra l-  

nocaproic acid d issolved  in fifty p e rcen t acetic  acid, apparently
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TABLE I

COMPOSITE RESULTS FROM TABLE III

Method P e rc e n t of O riginal O rganically  Bound N itrogen
Remaining in All Solutions

A 58.8

B 18.5

C 30.7

D 18.5

E 37.0

F 23.1

a re  m oat effective fo r  the rem oval of o rganically  hound n itro ­

gen.

We m ust d ig ress  b rie fly  here  to explain the b as is  fo r 

the trea tm en t of € -capro lac tam  with sodium n itr ite . The an ­

tic ipa ted  co u rse  of the reac tio n  may be rep resen ted  as  shown 

in P la te  10.

The €  -cap ro lac tam . XX, is converted into the n itro so  

derivative# XXI, which under the influence of po tassium  hydroxide 

m ay decom pose to the diaa&o compound, XXII, o r  m ay decom pose
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to ttnsatu ra ted  cap ro ic  acids and hydroxy capro ic  acids p re su m ­

ably  through the dlaao compound. The n itro so  deriva tives of 

som e lac tam s have been p rep ared  and found to be unstable (64, 

65). Decom position of these  n itro so  derivatives leads to the un- 

stab le  dlaao compound (65) o r  d irec tly  to products that m ight 

be expected from  the n itrous acid  trea tm en t of the fre e  am ino 

ac ids (64, 66). It was found in  th is investigation that the n itro so  

derivative of £ -capro lac tam  presum ably  decom posed as  It was 

formed* since the fu rth e r  trea tm en t of the residue  from  the 

evaporation  of the e th e r  e x tra c ts  of the o rig inal n itrous acid  

reac tio n  did  not significantly  im prove the rem oval of organically  

bound nitrogen*

The final e th e r  ex trac ts  resu lting  from  the n itrous acid 

trea tm en ts  of Methods B and D w ere analysed fu rth e r  fo r un­

sa tu ra ted  ac ids, to ta l acids and the weights of the residues left 

on evaporation  of the solvent. The Hanus m ethod was used to r  

the determ ination  of the unsatu ra ted  acids and the re su lts  w ere 

in te rp re ted  as indicating how well the reac tion  had proceeded 

in the d es ire d  d irection . The to tal acid  content and the weights 

of the resid u es w ere in te rp re ted  as indicating the o v e r-a ll yield 

of a ll p roducts. A nalysis indicated tha t both m ethods gave
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approxim ately  ten p e rcen t of the unsatu ra ted  acid  theo re tica lly  

p o ssib le . The am ount of unsatu ra ted  acid  was the im portan t 

fac t since  the unsatu ra ted  acid  could be eas ily  reduced to the 

sa tu ra ted  acid* Method D gave the la rg e s t o v e r-a ll yield of 

m a te ria l based  on both the to ta l acid  analysis and the weight of 

the residue resu lting  fro m  evaporation of the solvent. Though 

Method D gives the la rg e s t o v e rfa ll yield of m ateria l. It m ust 

be rem em bered  tha t the s ta rtin g  m a te ria l was £ - azninocaproic 

ac id  which req u ired  an ex tra  step  in p repara tion  plus the added 

disadvantage of the tedious procedure fo r  iso lation  of am ino acids. 

F u rth e r  work was in itia ted  using essen tia lly  the n itrous acid 

trea tm en t of c*caprolaet&m as described  in  Method 3 .

It can  be sa id  with reasonable ce rta in ty  <15, lb . 37, 38, 44, 

46-70) that the products resu lting  from  tee n itrous acid  trea tm en t 

of € - azninocaproic acid  and its  various derivatives a re  unsaturated  

ac ids, lac tones, hydroxy acids and chloro acids <57, 47), if hydro- 

ch lo ric  acid  w ere used to generate  the n itrous acid. An attem pt was 

m ade to convert a ll these products to caproic acid without iso ­

la tion  of the in term edia te  products. € - C aprolactam  w as tre a ted  

with n itro u s acid  by Method B as described  previously . The 

m ixture of products was tre a te d  w ith hydrogen and platinum
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oxide ca ta ly s t to hydrogenate the unsatu ra ted  acids p resen t. At 

th is  po in t the product probably consisted  of caproic acid  and the 

hydroxy ac id , XXJH, lactone, XXIV, and ch loro  acid, XXV, re p ­

re sen ted  by the fo rm ulas shown in P la te  11, F igure  I.

It is  a lso  possib le that the hydroxy acid, XXVI, the la c ­

tone, XXVII, and the chloro  acid, XXVIII, as rep resen ted  by the 

fo rm ulas shown in P la te  11, F igure 2, would also  be p resen t.

A num ber of investiga to rs (71, 72, 75) have shown that 

ethyl € -hydroxycaproate can be converted into ethyl e -b ro m o - 

cap roa te  by trea tm en t with phosphorus trib rom ide (72, 73), o r  

by trea tm en t with concentrated  hydrobrom ic acid  (71). F u rth e r, 

P apa and Schwenk and co-worker® (74, 75) have developed a 

p rocedure  fo r  reducing halogen containing compounds with Raney 

nickel alloy. Using the method of Brown and P a rtrid g e  (7!), the 

m ixture of acids resu lting  from  the hydrogenation was trea ted  

with a solution of concentrated  hydrobrom ic and su lfuric acids 

to convert the hydroxy acid and lactone to the 6 -hrom ocaproic 

acid . The acids resu lting  from  the hydrobrom ic acid  trea tm en t 

w ere then trea ted  with Raney nickel alloy and alkali to convert 

the e -b rom ocap ro ic  acid to caproic acid. The re su lts  of th is 

p rocedu re  w ere v ery  unsa tisfac to ry . The quantity of caproic
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ac id  iso la ted  was not m ors than could be expected from  hydrog­

enation  of the unsa tu ra ted  acids o rig inally  p resen t. No o ther 

p roducts w ere iso la ted  and attem pts to find o th er products were 

unsuccessfu l. F u rth e r  work was designed to elim inate an ex c es­

sive num ber of reac tions before iso lation  of the products so that 

the effectiveness of the individual steps could be determ ined.

It was fe lt  th a t lo ss  of product due to polym erization 

could be avoided if the carboxyl group w ere este rifled . Con­

sid e ra tio n  of o ther s tra igh t-chain  compounds that could be p r e ­

p a red  from  c -cap ro lactam  and that m ight undergo reactions 

s im ila r  to  those describ ed  prev iously  fo r the n itrous acid  t r e a t ­

m ent of c -cap ro lactam  led to an investigation of the reactions 

of ethyl e -carboethoxyam inocaproate. The p rep ara tio n  of ethyl 

€ -carboe thoxyam inocaproate (76, 77) from  c-cap ro lac tam  m ay be 

schem atica lly  rep resen ted  as shown in P la te  12.

6 - C aprolactam , XXIX, w as hydrolyzed to the am ino acid 

hydrochloride, XXX, which was este  rifled  to give ethyl € -am i- 

nocaproate hydrochloride, XXXI. The crude e s te r  hydrochloride, 

XXXI, on reac tion  with ethyl ch loroform ate gave ethyl € -ca rb o - 

ethoxyam inocaproate, XXXII. The n itrosa tion  and decom position
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of ethyl c -earboethoxyam lnocaproate m ay be rep resen ted  as 

shown In P la te  13.

The urethane * XXXII, was tre a ted  w ith n itrous acid  to 

give the n ltro so  compound (68, 77, 78), XXXIII. Decomposition 

of the n ltro so  compound (68*70, 79), XXXin, with potassium  

carbonate in  m ethyl alcohol led  to a m ixture of p roducts. The 

boiling points of the various frac tions indicated tha t the products 

probably  w ere predom inately  the unsaturated  e s te r , XXXIV, ethyl 

€ -m ethoxycaproate, XXXV, and ethyl € -hydroxycaproate, XXXVI. 

The yield  of unsatu ra ted  e s te r  was approxim ately ten  p ercen t 

which was not any b e tte r  than could be expected from  the d irec t 

trea tm en t of € -cap ro lactam  with n itrous acid. This line of ap ­

proach  was there fo re  discontinued since It requ ired  sev era l 

ex tra  reac tions and offered no im provem ent in  yield of unsatu­

ra te d  e s te r .  It was noted tha t com paratively  little  residue  was 

le ft from  the d istilla tion  of the products. This Indicated that 

e s te rifica tio n  a t some stage would elim inate considerable poly­

m erisa tio n  on d istilla tion .

None of the p re lim inary  investigations of the reac tion  of
t

n itro u s acid  with c -am inocaproic acid o r  one of its  derivatives 

im proved on the yield of hexenoic acid  from  € -capro lactam  as
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rep o rted  by H elferich  and M&lkomes (96), It was fe lt tha t th e ir  

p ro ced u re  coupled with a hydrogenation and es te rifica tio n  would 

le ad  to a m axim um  yield  of ethyl caproate  and elim inate lose 

of m a te ria l by polym er!nation. The suggested procedure was 

found to  be sa tis fac to ry  and was adopted fo r the proof of s tru c ­

tu re  of the lac tam s. The procedure and re su lts  using € -cap ro - 

lac tam  m ay be rep resen ted  as shown In P la te  14.

c -C  Aprolactam, XXXVU, was hydrolysed with the ca lcu ­

la ted  am ount of hydrochloric acid  to give € -am inocaproic ac id  

hydrochloride, XXXVH1. T reatm ent of the am ino acid hydro­

chloride w ith a concentrated  solution of sodium n itr ite  gave a 

m ix ture , XXXIX, of the unsatu ra ted  acid, the hydroxy acid  and 

the chloro  acid. Catalytic hydrogenation of the m ixture, XXXIX, 

using platinum  oxide ca ta ly st gave a m ix ture , XL, of caproic 

acid , € -hydroxycaproic acid  and c-ch lo rocapro ic  acid. E s te r ­

ification  of the acids using ethyl alcohol and su lfuric acid  gave 

ethyl cap roa te , XLI, identified by refrac tive  index; ethyl c -h y d ro x - 

yeaproate, XLH, identified by conversion to the known hydraside; 

and ethyl € -ch lo rocaproate , X1III, identified by re frac tiv e  index. 

F u rth e r  evidence fo r  the s tru c tu re  of the hydroxy e s te r  was 

obtained by conversion  to e-iodocaproic acid, which had
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prev iously  b te a  p rep a red  Irons an authenic sam ple of ethyl 

€ -hydroxycaproate .

E thyl e -hydroxycaproate p rep ared  by the method of 

Robinson and Smith (80) was converted into the new £ -iodocaproic 

ac id  by trea tm en t with phosphorus and iodine (81-83), followed by 

hydro lysis. The c-iodocaproic acid  has been reduced with sine 

and hydrochloric acid  (82, 84, 88) and e s te r if ied  to give ethyl* 

cap roa te , identified by re frac tiv e  index. It is  well known that 

ehioro  o r  brom o substitu ted  aliphatic compounds can be con­

v erted  into iodo substitu ted compounds with com parative ease; 

and, th is has a lready  been accom plished with a  brom o acid  (36).

If i t  w ere n e c e ssa ry  to convert the hydroxy e s te r  and the ehioro  

e s te r  to caproic acid , the conversion to the iodo acid , followed 

by reduction, seem s to offer the b e s t route. A num ber of iodo 

acids and e s te r s  com parable to e - iodocaproic acid have been 

p rep a red  p rev iously  (30, 86-88). N everthe less, the ethyl e a te r  

of e-iodocapro ic  acid  could not be iso lated  in a pure sta te  (39).

The sam e method used to convert e-cap ro lac tam  to ethyl 

caproate  was applied to the pure lactam s resu lting  from  the 

Beckm ann rearran g em en t of 3-methyl-S-ethylcyclohexatnone oxime. 

A p re lim in ary  experim ent using a m ixture of these lactam s
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dem onstra ted  tha t the o v e r-a ll yield of p roducts was com parable 

to  tha t obtained with ( -c a p ro la c ta m . The re frac tiv e  index of the 

low er boiling frac tion , which should have contained the sa tu ra ted  

e s te r s ,  indicated tha t reduction of the unsatu ra ted  e s te r s  was not 

com plete o r  had not taken place. In the conversions of the pure 

lac tam s to  th e ir  respective  sa tu ra ted  e s te rs  it was n ec essa ry  to 

Iso late  the unsatu ra ted  e s te r s  and ca ta ly tically  hydrogenate them  

using platinum  oxide ca ta ly s t and acetic  ac id  solvent. The pure 

lac tam  iso m er m elting a t 109.8 to 106.2° C., which will be d e s ­

ignated a s  Lactam  A, was converted into the sa tu ra ted  e s te r .

The sa tu ra ted  e s te r  was identified as ethyl 3-e thy l**5-m ethy l- 

hexanoate by its  re frac tiv e  index and m elting points of the p - 

toluidide and S-benssylthiur onium sa lt. The derivatives showed 

no d ep ressio n  of m elting point on m ixture with the sam e d eriv ­

atives obtained from  ethyl 3-e thy l-5 -m ethylhexanoate tha t had 

been p rep ared  by an unequivocal syn thesis. M elting point de­

p re ss io n s  w ere observed  on m ixture of the deriva tives w ith the 

corresponding  derivatives p rep ared  from  the isom eric  e s te r , 

ethyl 3,5-diraethylheptanoate. Lactam  A was thus identified as

4 -ethyl - 6 - m ethyl - 2 -ketohexam ethylenim ine and the transfo rm ation
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to  the sa tu ra ted  e s te r  m ay be rep resen ted  b rie fly  as shown in 

P la te  15, F ig u re  1*

Two of the h igher boiling frac tions resu lting  from  the con­

v ers io n  of L actam  A to the sa tu ra ted  e s te r  w ere identified as  a 

eh io ro  e s te r  and a hydroxy e s te r  by analysis of th e ir  respective

S-bennylthiuronium  sa lts . By analogy to the re su lts  obtained 

with the £ -cap ro lac tam  the position of the substituents was p rob ­

ably epsilon ; however, no attem pt has been made to definitely 

e s tab lish  th is conclusion.

The pure isom eric  lactam  m elting at 100.3 to 101.3° € . ,  

which will be designated as Lactam  B, was converted into the 

sa tu ra ted  e s te r  in a s im ila r  m anner. The sa tu ra ted  e s te r  was 

identified as ethyl 3 ,5-dim ethylheptanoate by its  re frac tiv e  index 

and m elting points of the p-toluidide and S-benaylthiuronium  sa lt. 

The deriva tives showed no depression  of m elting point on m ixture 

with the sam e derivatives p rep ared  from  ethyl 3 ,5-dim ethyl - 

heptanoate tha t had been p rep ared  by an unequivocal synthesis. 

M elting point dep ressions o r in c reases  w ere observed on m ix­

tu re  of the deriva tives with the corresponding derivatives p r e ­

p a red  from  the isom eric  e s te r , ethyl 3 - ethyl - 5 - me thylhexanoato. 

Lactam  B was thus identified as 4 -m eth y l-6 -e th y l-2-ketohexa-
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methyleAimine and the transfo rm ation  to the sa tu ra ted  e a te r  m ay 

he b rie fly  rep resen ted  as shown in P la te  15, F igure 2.

The two new iso m eric  e s te r s ,  ethyl 3-e th y l-5 -m ethyl- 

hexanoate and ethyl 3,5-dim ethylhexanoate, have been synthesized 

and ch a ra c te rized  fo r com parison with the sa tu ra ted  e s te rs  that 

have been p rep ared  from  the iso m eric  Lactam s A and B. The 

syn thesis of ethyl 3 - e thyl - 5 - me thylhe xanoate req u ired  the p re p ­

a ra tio n  of ethyl isobutyl ketone as an in term edia te . This ketone 

has been synthesized by two m ethods. The f i r s t  method consisted  

of passing  a  m ix ture of propionic acid  and isova leric  acid  over 

thorium  oxide ca ta ly st a t 4500 C. (89). The reac tion  may be 

rep resen ted  as shown in P la te  16.

The propionic acid , XLVXH, condenses with isovaleric  

acid, XLIX, to form  the d esired  ketone, ethyl isobutyl ketone,

L. The side product, diethyl ketone, LI, is  form ed by the con­

densation of two m olecules of propionic acid, XLVIII. The side 

product, diisobutyl ketone, LII, is  form ed by condensation of two 

m olecules of isova leric  acid, XLIX. A forty-one p ercen t yield 

of the ethyl isobutyl ketone, L, was obtained using a fou r-to -one 

mole ra tio  of propionic acid to isova leric  acid. When the ra tio  

of propionic acid to isova leric  acid was decreased  to two to
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on® the yield of ethyl isobutyl ketone d ecreased  to eighteen p e r ­

cent.

The second m ethod used to synthesize ethyl isobutyl 

ketone was patterned  a fte r  the genera l m ethod of Cason (90-95), 

The reac tio n s  involved in th is procedure m ay be rep resen ted  as 

shown in P la te  17.

Ethyl b rom ide, LHI, was converted Into ethyl m agnesium  

brom ide, L1V, by the usual G rignard procedure. The ethyl m ag­

nesium  brom ide, L1V, was converted into diethyl cadm ium , LV, 

by trea tm en t with anhydrous cadm ium  chloride . The diethyl 

cadm ium , LV, was p repared  under an atm osphere of nitrogen. 

Isovalery l chloride* LVII, p rep ared  from  isovaleric  acid, LVI, 

by trea tm en t with thionyl chloride* was condensed with the d i­

ethyl cadm ium , LV, under an atm osphere of n itrogen to fo rm  

ethyl isobutyl ketone* LVIIL The yield of ketone by th is method 

was fo rty -s in  percen t. A com parison  of the two p rocedu res used 

fo r the p rep ara tio n  of ethyl isobutyl ketone dem onstrated  that 

the diethyl cadm ium  method gave the b e tte r  yield. However* 

the sim p lic ity  of the cataly tic method fa r  outweighs the sm all 

disadvantage in yield and the cataly tic method was considered  

to be the b e tte r  of the two p rocedures .
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The ethyl isobutyl ketone, p rep ared  by the two m ethods 

d esc rib ed  p rev iously , was transfo rm ed  Into ethyl 3-e th y l-5 - 

m ethylhexanoate by a Ref o r  m at sky reaction  followed by dehydra­

tion and hydrogenation. The reac tions m ay be rep resen ted  as 

shown in P la te  IS.

The R eform atsky reac tion  as m odified by N atelson and 

G ottfried  (96) was used to p re p a re  the m ixture, LXI, of unsatu ­

ra te d  ac id s. thy! isobutyl ketone, LV1II, and ethyl b rom oace- 

ta te , LDC, disso lved in an approxim ately  fifty  p ercen t m ixture 

of benaene and to luene, w ere condensed by reaction  with nine to 

fo rm  the hydroxy e s te r  LX. The hydroxy e s te r , LX, was not 

iso la ted  but was dehydrated in solution by reaction  with phos­

phorus pentoxide (97) to form  the m ixture, LXl, of unsatu ra ted  

e s te r s ,  An attem pted dehydration of the hydroxy e s te r  with 

acetic  anhydride was not successfu l and probably led  to the 

acetyl derivative of the hydroxy e s te r . The m ixture, LXI, of 

unsa tu ra ted  e s te r s  was cataly tic ally  hydrogenated a t low p re ssu re  

of hydrogen using platinum  oxide ca ta ly st and acetic acid  solvent 

to form  ethyl 3 -ethyl -5 -m ethylhexanoate, LXII. Low p re ssu re  

hydrogenation of the m ixture of unsaturated  e s te r s  using platinum  

oxide ca ta ly s t and ethyl alcohol solvent was not successfu l (9 3).
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P a r t ia l  reduction  of the m ix ture of unsa tu ra ted  e s te r s  could be 

effected  using high p re s s u re  hydrogenation a t 60° C. with Raney 

n ickel c a ta ly s t and ethyl alcohol solvent (98, 99).

The syn thesis of the iso m eric  ethyl 3 ,S-dime thylheptanoate 

m ade n e c e ssa ry  the p rep ara tio n  of 4 - m ethyl -  2 •hexanone as  an 

in te rm ed ia te . The reactions used fo r  the p rep ara tio n  of the 

ketone m ay be rep resen ted  as shown in P la te  19'.

Ethyl acetoacetate , LXIV, was alkylated with secondary  

butyl b rom ide (100), LX1II, using sodium ethylate as the con­

densing agent. The crude keto e s te r ,  h X V ,  fo rm ed by the 

alkylation was saponified with sodium hydroxide and the fre e  

acid  decarboacylated to  give 4- m ethyl - Z -hex&none» LXYI.

Ethyl 3 ,5 -dime thylheptanoate was p rep ared  from  the 4- 

m ethyl-2 -hexanone by essen tia lly  the sam e procedure  used  fo r 

the p rep a ra tio n  of ethyl 3 -ethyl - 5 - me thylhexanoate.

The two new e s te r s ,  ethyl 3 -ethy l-5 -me thylhexanoate and 

ethyl 3 ,5 -dim ethylheptanoate w ere ch a ra c te rised  by ana lysis , 

physical constan ts, and analysis of th e ir  respective  p-to lu id ides 

and S-benasyl thiuronium  sa lts . Each e s te r  was converted  into 

the respective  p a ren t acid  by saponification and acid ification  and 

the acids w ere ch a ra c te rised  by ana lysis and physical constan ts.



PIATE 19

59

Br
I

CHgCHgCHCHg -f_  CHgCOCHgCOOCHgCHg

x x l i i  ixnr

HaOCHgCHjj

CHg CHgCHgCHCHg

CHgCOCHgCKJHgCHg <---------  CĤ COCHCOOCHgĈ
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II hast fu r th e r  been dem onstra ted  In th is investigation  

th a t the two new  iso m eric  L actam s A and B, p rep a red  by the 

Beckm ann rea rran g em en t of 3• m ethyl- 5 -ethylcyclohexanone online, 

can  be tran sfo rm ed  into the respective  substitu ted  1,5-pentam eth- 

ylenetetraasole by trea tm en t with phosphorus pentachloride fol* 

lowed by reac tio n  with a solution of hydr azoic acid  disso lved In 

benzene (101)* The form ation  of the te tr  azoles m ay be r e p re ­

sen ted  as  shown in P la te  20,

The two te tra so le s , LXV1I and LXVin, have been c h a ra c ­

te r is e d  by ana lysis .

HarvUl, R oberts, and H erbst (1) have d escribed  a m ethyl 

ethyl pentam ethylenetetranole which had been obtained by the 

in te rac tio n  of 3-m ethyl - 5 -ethylcyclohexanone oxime with sodium  

aside and chloroeulfonic acid. The m ethod of form ation  which 

involved an expansion of the cyclohexanone ring s im ila r  to that 

encountered in the Beckmann rea rran g em en t could have led  to 

two iso m eric  te trano le  s tru c tu re s . These authors a rb itra r i ly  

assigned  a tentative s tru c tu re , LXVIII. to th e ir  compound. The 

tetrassole of H arv ill. R oberts, and H erbst (1) has been com pared  

with these te tra ao le s  of known s tru c tu re  by m elting points and 

m ixed m elting points. It has thus been shown that the tetrassole
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p re p a re d  by H arv ill, R oberts, and H erbst (1) is  ? -e thy i-9 -m ethy l - 

t ,5 -pentaroe thy lenetet raao le , LXVH, and does not have the s tru c ­

tu re , LXVin, which had been a rb itr a r i ly  assigned  to i t  p rev iously .



EXPERIMENTAL * 2

P rep ara tio n  of Compounds fo r  
P re lim in a ry  E xperim ents

€ -C anro lactam

€ - C apr o lactam  was p rep a red  essen tia lly  as describ ed  by 

M arvel and E'ck (56) In Organic Syntheses. However, the m ethod 

of rea rran g em en t of the cyclohexanone oxizne was changed. U s­

ing the sam e proportions of sulfuric acid to oxime, the to tal 

amount of su lfu ric  acid  was placed in a  beaker of appropriate  

sine and was heated to the tem pera tu re  n ec e ssa ry  fo r re a r ra n g e ­

m ent, 305* C. The solid  oxime was added portionw ise by m eans 

of a spatula so that the tem p era tu re  was m aintained between 105 

and 130* € . A fter all the oxime had been added the m ixture was 

cooled to 10° C. and double its  weight of ice was added a ll at

1 All m elting points in th is thesis a re  co rrec ted .

Z All Kjeldahl analyses fo r n itrogen w ere com pleted in 
th is labora to ry . Ail o ther analyses w ere com pleted by Micro- 
Tech L ab o ra to rie s , Skoki®, Illinois.
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once. The p roduct was Iso lated  as  a lread y  d escrib ed  (56) and 

re c ry s ta llin e d  from  hexane.

H ildebrand and B ogart (11) have found that in the r e a r ­

rangem ent of 2-alkyleyclohexanone oxim es b e tte r  yields w ere ob­

ta ined  with su lfu ric  acid m ore concentrated  than 85 p ercen t. 

T h e ir re su lts  have been substantiated  h ere  by an investigation 

of the rea rran g em en t of 25 g. of cyclohexanohe oxime effected 

with su lfu ric  ac id  of various concentrations. The re su lts  of 

th is  investigation a re  sum m arised  in Table XI. The product was 

not iso la ted  by d istilla tion  as prev iously  described  (56) but was 

iso la ted  by rec ry sta llia a tio n  of the solid  residue rem aining a f te r  

evaporation  of the ex trac ts .

The re su lts  indicate that the m ore concentrated  su lfuric  

acid  gives the b e tte r  yield. There was little  d ifference between 

the yields given by the 90, 95, and 97.1 p ercen t acid. The com ­

m erc ia l concentrated  su lfuric acid  was therefo re  used fo r the 

rea rran g em en t of cyclohexanone oxime and the 3 ,5 -alkylated 

cyclohexanone oxime s.
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TABLE II

THE BECKMANN REARRANGEMENT OF CYCLOHEXANONE 
OXIME USING SULFURIC ACID OF VARIOUS 

CONCEN TRATIONS

P e rc e n t

V ° 4

ssgsaaargiaatsassaga:
Wt. of 
F ir s t  
Crop

Wt. of
Second
Crop

Total 
Wt. of 

P roduct

P e rcen t
Yield

97 A 16.3 g. 2.6 g. 18.9 g. 75.6

95 16.5 g. 2.9 g. 19.4 g. 77.6

90 16.1 g. 3.4 g. 19.5 g. 77.9

85 15.0 g. 1*3 g. 16.3 g. 65.2

80 13.9 g. 2.8 g. 16.T g. 66.8

e-Amin® cap roic Acid Hydrochloride

€ - A minoc aproic acid  hydrochloride was p rep a red  by the 

m ethod of Eck (102) 4a O rganic Syntheses.

£ - A m inocaproic Acid

€ -  A m inocaproic acid  was p rep ared  from  e-capro lactair, 

by hydro lysis with su lfuric acid  and neutra liza tion  w ith an equiv­

a len t amount of barium  hydroxide. The product m elted a t 200 to 

202* C. (uncorrected). (Reported m elting point [102], 201 to 203* 

C.)



Ethyl € - A m inocaproate H ydrochloride
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Ethyl am ino caproate hydrochloride was p rep a red  by

the m ethod of M arvel e t al. (103). C rysta llisa tion  from  ethyl 

alcohol«diethyl e th e r  solution gave hydroscopic c ry s ta ls  m elting 

a t 38.3 to 61.8* C. (repo rted  m elting point, 54 to 58* C. [103]).

Ethyl c - A minoc ap roate

Ethyl c -am inocaproatc was p rep a red  by the m ethod of 

M arvel e t a l. (103). The product boiled a t  123-125° C ./23 m m .«4nMMob fOll-r̂ * y M

(The rep o rted  boiling points a re  122* C ./28  m m . [103J; 90-92* 

C ./4  m m . [103]; 105* C ./16  m m . [7?].)
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P re lim in a ry  Experim ents fo r Conversion of 
Lactam  to Saturated E s te r

Method A

Five g ram s, 0*044 m ole, of c -cap ro lactam  was d isso lved 

in 20 m l. of 50 p ercen t acetic acid  and was cooled below 5* C. 

T hree g ram s, 0,044 m ole, of sodium n itr ite  was added to the 

m ix ture In th ree  portions in fifteen  m inutes. The reac tion  m ix ­

tu re  was p laced overnight In a  re f r ig e ra to r  a t 5 to 10* C.

The m ix ture was made acid  to Congo red  with 1:1 hydro­

ch lo ric  acid  and ex trac ted  with five 20 m l. portions of e th e r.

The rem aining aqueous solution w ill be designated a s  Solution I. 

The e th e r  was evaporated  and the m ixture n eu tra lised  w ith 40 

p ercen t po tassium  hydroxide in  an ice-bath . Ten m illili te rs  of 

40 p ercen t po tassium  hydroxide was added and the reac tion  a l ­

lowed to stand  fo r th irty  m inutes. The m ixture was cooled, 

m ade acid  to Congo red  with 1:1 hydrochloric acid  and was ex­

tra c te d  with five 20 m l, portions of e th er. The rem aining aque­

ous solution will be designated as Solution 12, The e th er ex tra c ts  

w ill be designated  as Solution 111.

Aliquots of Solutions Z, 12, and 112 w ere analysed fo r n i­

trogen  by the Kjeldahl method.
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M e t h o d  B

F ive g ram s of € -eap ro lac tam  was d isso lved in 20 m l. of 

20 p e rcen t su lfu ric  ac id  and was tre a te d  with 3 | . f 0.044 m ole, 

of sodium  n itr ite  as  described  in Method A. The reaction  mix* 

tu re , in th is  ease , was a lready  acid  to Congo red  and th e re fo re  

no hydroch loric  ac id  was added. Solutions I, II, and HI were 

obtained in a m anner identical to Method A and w ere analysed.

Method C

Six and six -ten ths g ram s, 0.044 m ole, of € *am inocaproic 

acid  hydrochloride was dissolved in 20 m l. of w ater and was buf* 

fe red  w ith 4.3 g., 0.044 m ole, of po tassium  aceta te . The solution 

w as cooled below S* C. and 3 g., 0*044 m ole, of sodium  n itr ite  

was added in th ree  portions in fifteen  m inutes. The reaction  

m ixture was p laced  overnight in a re f r ig e ra to r  at 5 to 10° C.

The m ixture was made acid  to Congo red  with Is! hydro­

ch loric  acid  and ex trac ted  with five 20 m l. portions of e th e r.

The rem aining aqueous solution will be designated a s  Solution 

I .  The e th e r ex tra c ts  w ill be designated as Solution III.

Aliquots of Solutions 1 and III w ere analysed fo r n itrogen 

by the KJeldmhl method.
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Method D

Five and eigh t-ten ths g ram s, 0.044 m ole, of e -am m ocapraic  

acid  was d isso lved  in £0 m l. of 50 p e rcen t acetic  acid and was 

tre a te d  with 3 g., 0.044 m ole, of sodium n itr ite  as  described  in 

Method C. Solutions I and III w ere obtained in a  m anner identical 

to Method C and w ere s im ila rly  analysed.

Method £

Seven and eigh t-ten ths g ram s, 0.044 mol®, of ethyl e -a m i-  

nocaproat® hydrochloride was d isso lved  in £0 m l. of w ater and 

the solution was buffered with 4.3 g,„ 0,044 m ole, of potassium  

ace ta te . This solution was tre a te d  with 3 g., 0.044 m ole, of 

sodium n itr ite  as described  in Method C. Solutions I and III  

w ere obtained in a m anner identical to Method C and w ere s im ­

ila r ly  analyzed.

Method F

One and one-half g ram s, 0.011 mole, of ethyl c-am ino- 

caproate  was dissolved in 4.S m l. of 50 percen t acetic acid  and 

was cooled below 5* C. Seventy-three hundredths g ram s, 0 .0 H 

m ole, of sodium  n itr ite  was added to the m ixture in th ree  portions
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in live m inutes. O ne-to-one hydrochloric acid  was added until 

the solution tes ted  positive to starch*iodide paper. The reaction  

m ix tu re  was s e t overnight in a re f r ig e ra to r  a t 5 to 10* C.

The m ix tu re was tre a ted  fu rth e r as described  in Method 

C and gave s im ila r  Solutions I and III which w ere analysed as 

before.

The re su lts  of n itrogen analyses on Solutions I, IX, and 

III obtained in the experim ents ju s t d escribed  a re  sum m arised  

in Table XXX.

The re su lts  indicate tha t Methods B and D a re  m ost e f­

fective fo r  rem oving n itrogen  from  the respective  amino acid  

d eriv a tiv es .

Aliquots of Solutions XII from  Methods B and D w ere fu r ­

th e r  te s ted  fo r  unsatu ra ted  acid  by the Hanus method; to ta l acid 

by titra tio n  of an alcoholic solution with standard  sodium  hy­

droxide using a phenolphthaiein indicator and, fo r the am ount of 

residue  le ft a fte r evaporation of solvent. The to ta l acid  fo r So­

lution III of Method D was determ ined  by the difference between 

a d irec t titra tio n  of an aliquot and titra tio n  of the acetic  acid  

separa ted  from  an aliquot by aaeotropic d istilla tion  with benaene. 

The re su lts  a re  sum m arised  in Table IV.
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TABLE in

NITROGEN ANALYSIS USED TO INDICATE EFFECTIVENESS 
OF VARIOUS METHODS OF DEGRADATION OF 

* - AMINOC APROIC ACID DERIV ATIVES

Method
P e rc e n t of O rganically  Bound N itrogen 

Remaining in Solution

Solution I Solution II Solution III Total

A 36,2 S3.8 8.8 58.8

B 8.3 4.2 6.0 1 6.5

C 28.! - 2.6 30.7

D 14.4 - 4,1 18.5

E 30.3 m 6.5 37.0

F 16.5 m 6.6 23.1

Methods B and D both gave approxim ately ten  p e rcen t of 

the unsa tu ra ted  acid theore tica lly  possib le . The amount of un­

sa tu ra ted  acid  is  the im portan t consideration  since the u n sa t­

u ra ted  acid  m ay be reduced easily  to the sa tu ra ted  acid. Method 

D gives the la rg e s t yield of m a teria l based  on the values fo r 

to tal acid and residue weight* but it  m ust be rem em bered  that 

the s ta rtin g  m a te ria l was -am inocaproic acid which requ ired
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TABLE XV

FURTHER ANALYSIS OF SOLUTIONS RESULTING FROM THE 
DEGRADATION OF C-AMINOCAFROIC ACID DERIVATIVES

Com parative Values fo r O ne-fifth  Aliquots

Method Un sa t­
u ra ted  

Acid

Total
Acids

A cetic
Acid

Total
Caproic

Acids

Weight of 
Residue

B 0.895 3.66 *Hr 3.66 0.598
m .e . m .e. m .e. g-

9.S35 32.34 23.36 6.90 0.862
D m .e. m .e. m .e. m .e.

* Residue rem aining a f te r  azeo trep ic d istilla tion  of the 
acetic  acid  w ith benzene and evaporation of the benzene by 
heating on a  steam  bath.

an ex tra  step  in p rep ara tio n  plus the added disadvantage of the 

tedious procedure fo r iso lation  of am ino acids.
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Reaction of N itrous Ac Id with € * C aprolactam  and
A ttem pted Conversion of Ail P roducts 

to  Caproic Acid

F ifty  gram s* 0.442 mole* of £-cap ro lac tam  was disso lved 

in 300 m l. of 20 p ercen t su lfuric acid  and the solution was cooled 

to S’ C* F o rty*six  g ram s, 0,663 mole* of sodium  n itr ite  d is ­

solved in 100 m l. of w ater was added to the s t i r r e d  sulfuric 

acid  m ix tu re . The tem pera tu re  was kept below 7* C. After 

com plete addition of the sodium n itr ite  solution the reaction  

m ix ture was s t i r re d  fo r eight hours with the tem p era tu re  m ain­

tained below 7* C. with an ice-bath . The m ixture was kept in 

a re f r ig e ra to r  overnight.

The following day the m ixture was s t i r re d  four hours 

longer w ith the tem pera tu re  below 7* Q. and then was n e u tra l­

ised  with 40 p ercen t sodium hydroxide with the tem pera tu re  kept 

below 15* C. The p rec ip ita te  of sodium sulfate was f ilte re d  

and washed with chloroform . The aqueous lay e r w as ex trac ted  

with seven 70 m i. portions of chloroform . The aqueous solution 

rem aining a f te r  ch loroform  ex traction  will be designated as So­

lution I. The com bined organic la y e rs  w ere d ried  over anhydrous 

sodium  sulfate. The sodium sulfate was f ilte re d  and the f iltra te
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dilu ted  to  500 m l, with chloroform . This ch loroform  solution 

w ill ho designated  as Solution II.

T itra tio n  of a 10 m l. aliquot of Solution II with standard  

a lka li indicated  151 m .e . of total acid  in the chloroform  ex trac t. 

(The th eo re tica l to ta l acid was 442 m .e.)

The chloroform  was rem oved by d istilla tion  and *QG m l. 

of 40 p e rcen t sodium hydroxide was added to the residue with 

s tir r in g  and cooling. The m ixture was s t i r re d  fo r four hours 

a t room  tem perature* cooled and made strong ly  acid to Congo 

red  with 60 percen t su lfuric acid. The tem pera tu re  was kept 

below 25® C. during the neu tra lisa tion  by cooling in an  ice-bath . 

The m ix tu re was ex trac ted  with s ix  70 m l. portions of ch lo ro ­

fo rm , The aqueous solution left a fte r chloroform  ex traction  w ill 

be designated as Solution III. The com bined organic lay e rs  w ere 

d ried  over anhydrous sodium sulfate. The sodium sulfate was 

f ilte re d  and the f iltra te  diluted to 500 ml, with chloroform . This 

chloroform  solution w ill be designated as Solution IV.

Aliquots of solution® I. II* III* and IV w ere analysed fo r 

n itrogen  by the Kjeldahl method (Table V).
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TABLE V

NITROGEN ANALYSIS OF VARIOUS SOLUTIONS OBTAINED 
FROM THE DEGRADATION OF €-CAPROLACTAM 

WITH NITROUS ACID

Solution P e rcen t ot  O riginal O rganically  Bound N itrogen
Remaining In Solution

I 5.5

n  9.5

in i.i*

IV 6.8*

* The p ercen t of n itrogen  obtained by analysis of so ­
lu tions III and IV should add up to the p e rcen t of n itrogen ob­
tained by ana lysis of solution II if no o rgan ically  bound n itro ­
gen is  rem oved by the sodium hydroxide trea tm en t. The re su lts  
indicate that the trea tm en t with sodium hydroxide is  of doubtful 
value.
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The solvent waa rem oved from  the second chloroform  

e x tra c t by d istilla tio n  through a V igreux colum n. The residue 

w as d isso lved  in 100 m l. of ethyl alcohol and hydrogenated on 

the low p re ssu re  F a r r  hydrogenator a t an in itia l hydrogen 

p re s s u re  of SO Ih s ./sq , in. in the p resence  of platinum  oxide 

ca ta ly st. The observed  hydrogen p re s su re  drop of 6.9 lb s. 

w as equivalent to  the form ation  of 9.5 g. of caproic acid  from  

hexenoic acids.

The platinum  was filte red , the solution was made a lk a­

line to litm us and the ethyl alcohol was rem oved by steam  d is ­

tilla tion . The aqueous residue was made strongly  acid  to Congo 

re d  and ex trac ted  with six  80 m l. portions of chloroform . Total 

ac id  content was determ ined  by titra tio n  of an aliquot and was 

equivalent to 110 m .e.

The rem aining chloroform  solution was d ried  over an­

hydrous sodium su lfate . A fter filtra tio n  and rem oval of the 

solvent by d istilla tion  through the Vigreux column on a steam  

bath  a residue of 41 g. rem ained.



F orm ation  of B rom o A cids <63-65)

The residue  from  the la s t step  was added to a m ix ­

tu re  of 170 m i. of 4$ p ercen t hydrobrom ic acid  and 41 m l, 

of 97.1 p e rcen t sulfuric acid. The m ixture was allowed to 

stand  fo r two hours a t room  tem p era tu re  and then was heated 

fo r  th ree  hours on a steam  bath. The cooled reac tion  m ix ­

tu re  was poured into 350 m l. of w ater, and was sa tu ra ted  

with sodium  sulfate and ex trac ted  with six  30 ml. portions 

of e th er. Total acid, determ ined by titra tio n  of an aliquot, 

was HO m .e .

A fter drying the e th erea l solution and rem oving the 

solvent by d istilla tion  as previously  described , 37 g. of r e ­

sidual m a te ria l rem ained.

A ttempted Reduction of J w i a o
Substituted  Capro ic  Acids with 
Raney Nickel <66, 67)

T.UPL 'li _j.r — Li— - — *iJ~ • i.WMWMMnnm

The residue from  the previous step was dissolved in 

100 m l. of a solution of 113 g. of sodium hydroxide in  450 

m l. of w ater. Ninety g ram s of Raney nickel alloy was added 

portionw ise to the s t i r re d  solution. The rem aining sodium
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hydroxide solution was added over a  one hour period . The 

m ix tu re  was heated  one and one-half hours a t  90 to  100* G. 

A fter cooling and filte rin g  to  rem ove the nickel, the solution 

was m ade strongly  acid  to Congo red  with 60 percen t su lfuric 

acid .

The acidic m ixture was steam  d is tilled  until 600 m l. 

erf d is tilla te  was collected. The d istilla te  was sa tu ra ted  with 

sodium  sulfate, ex trac ted  with six  SO m l. portions of e th e r 

and the com bined e th erea l ex trac ts  w ere d ried  over anhydrous 

sodium  su lfate . The sodium  sulfate was f ilte re d  off and the 

solvent w as rem oved by d istilla tion  from  a steam  bath. F ra c ­

tionation of the residue gave 6.9 g. of product boiling a t 109

30to 110* C ./20 m m ., n^ 1.4134; and 2.9 g. of m a te ria l bo il-
31 5ing a t 109 to 112* G ./19 m m ., n^ ‘ 1.4140 (reported  re f ra c -

1 ft
tive index fo r  caproic acid, n^ 1.41877, 1.4143? f I OS];

rep o rted  boiling point fo r caproic acid , 107.3* C ./S6 mm.

[ns]).
If both fractions w ere considered  to be caproic acid  

then th e ir  com bined weight would rep re sen t a 19.1 p ercen t 

yield  of the theo re tica l amount. This percentage yield was 

not significantly  g re a te r  than could be expected by isolation
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of the cap ro ic  ac id  obtained by hydrogenation of the hexenoic

acid . The reac tions following the hydrogenation step w ere ap 

p aren tly  not v ery  effective.
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P re p a ra tio n  ©f Ethyl e-Carboethoxyarninocaproate

CH3-CH2OOC-NH-(CH2)5-COO-CH2-CH 3

F ifty  g ram a, 0,442 mole of e -cap ro lac tam  was hydrolysed 

by  refloating fo r one hour with a  m ixture of 36.8 m l. of concen­

tra te d  hydrochloric acid (37,3 percent) and 70 m l. of w ater. The 

w ate r was rem oved by d istilla tion  on a steam  bath under reduced 

p re s s u re . The white c ry sta llin e  residue was d isso lved  in 70 m l. 

of water* One hundred and sixty m illili te rs  of ethyl alcohol and 

120 ml* of benaene were added and the m ixture refluxed fo rty  - 

th ree  hours through a B a rre tt  m odification of the D ean-Stark 

tra p , a t which tim e no m ore w ater collected in the trap . The 

solvent was rem oved by d istilla tion  and left a  g ray  solid residue .

The crude e s te r  hydrochloride was d isso lved  in 150 m l. 

of w ater and 100 m l. of e th e r was added. A solution of 17.7 g.,

0.442 m ote, of sodium hydroxide dissolved in 50 m l. of w ater 

was added slowly with the tem pera tu re  m aintained below 5* C. 

until the m ix ture had turned basic to litm us. F o rty -e ig h t g ram s,

42.3 m l., 0.442 mole, of ethyl chi or ©formate was added slowly 

with the tem p era tu re  kept below 12® C. When approxim ately 

th ree  q u a rte rs  of the ethyl ch lcroform ate had been added the
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m ix ture becam e acid ic . A solution of 30.5 g., 0.442 mole, of 

po tassium  carbonate dissolved in 50 m l. of w ater was now added 

tog e th er with the ethyl chloroform ate solution so that they both 

w ere com pletely  added a t the sam e tim e. The m ixture was 

s t i r r e d  th ir ty  m inutes. The e th e r lay e r was separa ted  and the 

aqueous la y e r  ex trac ted  with two 50 m i. portions of e th er. The 

e th e r  solutions w ere d ried  by shaking with two sep ara te  portions 

of anhydrous potassium  carbonate. The solvent was rem oved by 

d istilla tion  on a  steam  bath  under reduced p re ssu re . F rac tio n - 

ation of the residue gave 75.5 g. of product (73.7 p e rcen t of the 

th eo re tica l amount) boiling a t I S3 to 189* C . /17 mm. (reported  

boiling point [77] is  135* C ./20 ' xnvn*).
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C onversion of Ethyl £ -C arboethoxyam inocaproate 
to Ethyl Caproate and O ther P roducts

Nit ro ta tio n  (68. 78)

A 500 nal., th ree-necked  flask  was equipped with a  th e r ­

m o m ete r and a  dropping funnel with an attachm ent to allow ad ­

dition of reagen ts to the bottom of the flask . T w enty-three 

g ram s. 0*1 m ole, of ethyl £ -carboethexyam inocaproate d issolved 

in 40 m l. of diethyl e th e r and 32,5 g M 0*45 m ole, of sodium 

n itr ite  d isso lved  in 60 m l, of w ater w ere placed in the flask . 

The m ix ture  was cooled to ID® C. and m aintained below th is 

tem p era tu re  throughout the reaction . A solution of cold 35 p e r ­

cent n itr ic  acid  (60 g ., 0.33 mole) was added slowly in  seventy- 

five m inutes. The m ixture was allowed to stand th ree  hours in 

an ice-bath . The e th e r la y e r  had now turned b lue-g reen . The 

eth er  la y e r  was separa ted  and washed with ten  10 m l. portions 

of ice -co ld  w ater. The la s t  wash solution s ti ll  tested  acid  to 

Congo red  pap er. The e th er solution was dried  over anhydrous 

sodium sulfate, f ilte red , and the solvent was rem oved under 

reduced p re s su re  on a  w ater bath heated no higher than 40° C. 

The light orange liquid residue weighed 21.3 g.
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D ecom position (68*70. 79)

The residue from  the la s t  step  was added slowly to a 

m ix tu re  of IE ml* of methyl alcohol (previously d ried  over an ­

hydrous po tassium  carbonate) and 0.05 g. of finely powdered 

anhydrous po tassium  carbonate. The reaction  m ixture becam e 

hot and was cooled in an ice-bath  during the addition and until 

the com pletion of the reaction . Vigorous bubbling took place fo r  

th ree  h ou rs. The m ixture was allowed to stand overnight a t 

room  tem p era tu re . The next day the solution had tu rned  ye l­

low and bubbling had ceased . The m ixture was refluxed one hour 

on a steam  bath, cooled, filte red , and diluted with 100 m l. of 

ethyl alcohol. This solution was hydrogenated a t 50 lbs. hydro­

gen p re s s u re  with 0. t g, of platinum  oxide ca ta lyst. A 2.6 lb* 

p re s su re  drop was observed in fifty m inutes. The platinum  was 

f ilte re d  off and the solvent was rem oved by d istilla tion  on a  hot 

w ater bath. The residual liquid was d istilled  under reduced p r e s ­

su re  and the following frac tions w ere collected:

I 1.4 g* 66-99* C ./16 mm.

11 3.7 99.5-110° C ./16 mm.

III 7,1 ae* 110-165° C ./16  mm.

IV 1.9 g- 190-19&* C ./16 mm.
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Two g ram a of b lack residue was le ft in the d istilla tion

flask .

C onsideration of the possib le products that m ight be 

fo rm ed  by the decom position of the n itro so  compound leads 

to the ten tative identification of the frac tions as follows: F ra c ­

tion I is probably predom inately  ethyl cap roate; F rac tio n  EE is 

p robably  a m ixture of ethyl £ -rnethoxycap roate and ethyl c -h y ­

droxy caproate  (repo rted  boiling point of ethyl € - methoxyc ap ro a te , 

94-95* C ./15  mm, [72]; repo rted  boiling point of ethyl € -hydro*- 

ycaproate , 135* C ./15  mm. [80]); F rac tio n  HI is  probably p r e ­

dom inately ethyl £ -hydroxycaproate; F raction  IV m ight be 5- 

carbethoxyam yl-6-hydroxyhexanoate (repo rted  boiling point of

5-carbethoxyam yl-6 -hydroxyhexanoate, 191* C ./U 5  m m . [80]),
#

U F rac tio n  1 w ere a ll ethyl caproate  then th is frac tio n  

would rep re se n t a  ten  percen t conversion to the d es ire d  product. 

This percen tage yield is approxim ately the sam e as obtained 

with o th er procedures*

No fu rth e r  investigation of this reac tion  was made since 

the yield of sa tu ra ted  e s te r  was no b e tte r  than obtained with 

o ther s im p ler m ethods.
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N itrous Acid T reatm ent of € -Caprol&ctam

Twenty-five g ram s, 9.22 m ole, of € -caprol& ctam  was 

hydrolysed with the calculated  amount of hydrochloric acid  as 

p rev iously  describ ed  (58). The solvent was rem oved by d is t i l­

la tion  under reduced p re s su re  on a  steam  bath. Tw enty-three 

g ram s. 0.33 m ole, of sodium n itr ite  in 40 m l. of w ater was 

added slow ly to the white solid residue during one hour. A 

vigorous exotherm ic reaction  took place. The tem p era tu re  was 

kept below 90* C* by in te rm itten t cooling in an ice-bath . The 

solution was allowed to stand th ree  hours a t room tem perature* 

m ade strongly  acid  to Congo red  with 20 p ercen t su lfuric  acid 

and heated  on a steam  bath fo r one hour. The m ixture was 

cooled and ex trac ted  with five 50 m i. portions of chloroform . 

The com bined chloroform  ex trac ts  w ere d ried  over anhydrous 

sodium  sulfate, f ilte red , and the solvent was d istilled  through a 

Vigreux column leaving 33 g, of residue . The residue was e s -  

te rif led  by refluxftng overnight with 100 m l. of absolute alcohol 

and 10 m l. of concentrated  sulfuric acid. The m ixture was 

cooled and n eu tra lised  with a concentrated solution of sodium 

carbonate; it was f ilte red  and ex tracted  f i r s t  with one 100 m l. 

portion  of ben&ene followed by th ree  50 ml. portions of benzene.
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The com bined benzene e x trac ts  w ere w ashed twice with 25 ml* 

©I cold sa tu ra ted  sodium  chloride solution. The solvent was 

rem oved by d istilla tion  through a  V igreux Column. F ractions*  

tion through a  C laisen flask  with a one foot V igreux side a rm  

gave the following fractions:

t 1.8 g. 59-60* C ./13 mm.

11 7,0 g. 58-67* C ,/ i  m m .

1X1 1.4 g. 67-89* C ,/ l  m m .

XV 8,6 g. 89-92* C ./ l  mm.

V 0.2 g. 92* C ./ l  mm. and above

and fou r g ram s of residue rem ained in the d istilla tion  flask .
20 5F rac tio n  l s n^ ‘ 1*4230, was probably the unsatu ra ted

e s te r .  In a  s im ila r  experim ent a  low p re s su re  reduction was

effected before the ca lorification  step , fa th is Instance the f i r s t
20frac tio n  from  the d istilla tion  boiled a t 57*58* C ./I3  mm*, n  td

201.4072, and was identified as ethyl cap roate , n^ 1.4076 (108).

F rac tio n s  11* 111* IV. and V w ere recom bined and r e f ra c ­

tionated through a one foot ta ll, eigh t m illim e te r d iam ete r Vigreux 

colum n with d istilla tion  head and cow type vacuum take-off using 

a  10:1 reflux  ra tio  to give the following frac tio n s:
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A 2.3 g. 36-72* C ./ l  mm.

B 1.1 g. 72-91* C ./ l  mm.

C 4.3 g. 91-95* C ./ l  m m .

20 SFrag*ISHLA. a ,  * 1.4*79. gave a  positive B . i l . f i a  te s t

fo r  halogen and was identified as ethyl £ -eh lorocaproate; repo rted
i g

boiling point 106“ C ./14  m m . and n .  1.4398 (73).a
20, ZF ra c tion B , n .  1.4377, was apparen tly  a  m ixture of 

the compounds obtained In frac tions A and C and thus was not 

fu rth e r  investigated,
20F rac tio n  C, n„ 1.4360, was identified as  ethyl £ -hydrox-"n" ~  a

ycapro&te; rep o rted  boiling points 134° C ./1S  m m , (80), 104-6° 

C ./4  m m . (62). 135-140* C ./16  mm. (104); a  1.4381 (62).

F a r t  of th is  frac tio n  was converted  to  e -iodocaproic acid  by the 

m ethod describ ed  in the experim ental section . The e-iodocapro ic 

acid , so form ed, m elted  a t 42,9-44° C. and showed no depression  

of m elting point on m ixing with an authentic sam ple. In a  s im ­

i la r  experim ent the hydraaide (109) was p rep ared  from  the f r a c ­

tion boiling at 93-99* C ./3  m m . The hydr&side m elted  a t 114.8- 

116.3° G. and the high boiling frac tion  was thus identified as 

ethyl £ -hydroxycaproate; rep o rted  m elting point of hydranide,

! 14-US* C. (61, 62).
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P re p a ra tio n  of £ -Iodocaproic Acid (81, 82, S3)

I * <CH2)g - COOH

O at and one*quarter g ram s, 0,04 m ole, of red  phosphorus,

15.4 g.» 0,046 m ole, of ethyl c-hydroxycap roate (p repared  by the

m ethod of Robinson and Smith [80] in 33 p ercen t yield, boiling 

point 149-154* C ./19 m m .), and 15.3 g., 0,06 m ole, of iodine 

w ere m ixed and refluxed on a steam  bath  fo r five h o u rs . The 

m ix ture was cooled, 100 m l. of e ther was added and the phos­

phorus was f ilte re d  off. The e th e r solution was washed with 

fou r 20 m l. portions of 10 p ercen t sodium b isu lfite , once with 

w ater and d ried  over calcium  chloride. The calcium  chloride 

w as f ilte re d  and the e th e r was evaporated  by passing  a  s trea m  

of d ry  a i r  over the surface of the solution,

The residue was s t i r re d  a t room tem peratu re  fo r four 

hours with 100 m l, of 10 p ercen t sodium hydroxide. The an* 

sapoxiified lay e r wa® separa ted  and the aqueous la y e r  made 

strongly  acid  to Congo red  with dilute sulfuric acid, "olid p r e ­

cip ita ted  on the addition of the acid. The m ixture was se t in 

a re f r ig e ra to r  overnight and filte red . The c ry s ta ls  were s u s ­

pended in 100 m l. of w ater and s t ir re d  to dissolve the sodium
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su lfa te , n i t r a t io n  gave 10 g. of crude m a te ria l (43 p ercen t of 

the th eo re tica l am ount).

A sm all am ount of the crude m a te ria l was reerystaXUned 

from  ethyl alcohol - w ater and m elted  a t 42.5-44* C.

Anal: C a lc’d fo r I, 32.4. Found: I, 52.4, 52.7



90

R e d u c t i o n  o f  e - I o d o c a p r o i c  A c i d  t o  Ethyl
Caproate (32, 84, 85)

Two and fou r-ten th s g ram s, 0.01 m ole, of £ -iodocaproic 

ac id  was p laced  in an eight inch te s t tube equipped with a con­

d en se r, The acid  was p a rtia lly  d isso lved  in 15 m l, of ethyl 

alcohol. To th is m ixture was added 2.6 g ., 0.04 m ole, of 30 

m esh  zinc which had been prev iously  cleaned by washing suc­

cessiv e ly  w ith dilute acid , w ater, and alcohol. Five m l. of 

concen trated  hydrochloric acid  was added from  a dropper to th is  

m ix tu re over a  fifteen  minute period . The m ixture was refiuxed 

fo r twenty m inutes and allowed to stand four hours. Five m l. 

m ore of concentrated  hydrochloric acid  was added and the m ixture 

refluxed fo r  th ir ty  m inutes a t which tim e the zinc had a ll reac ted . 

The reaction  m ixture was steam  d is tilled  and the d is tilla te  ex ­

tra c ted  with th ree  10 ml, portions of e th er. The e th er was 

evaporated  on a  - steam  bath and 20 m l. of benzene was added

to the m ixture to aid  in the evaporation of the alcohol and w ater.

20D istilla tion  of the residue  gave 0,55 m l, of product, n .  1.4080a
20(rep o rted  [106] re frac tiv e  index of ethyl caproate  is  n^ 1,4076). 

This rep re se n ts  a 43 p e rcen t yield  of the th eo re tica l am ount.
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P re p a ra tio n  of 3 - Methyl - 5- 5'thylcyclohe xanone (38*41)

CH*
/  \

C H ,-  CH CH -  CH,— CH,3 | , 2 3

CH , CH,
\  /  2cII

o

One hundred and seventy-four g ram s, 3 m oles, of fre sh ly  

d is tilled  propionaldehyde <b. 47.2 - 49*5® C ./73! mm.) and 780 

g ,, 6 mole®, of fre sh ly  d istilled  ethyl aeetoacetate (b. 170 - 173“ 

C ./73! mm.) w ere placed in a 3 l i te r , th ree-necked , round-bot­

tom flask  equipped with m echanical s t i r r e r ,  therm om eter, and 

dropping funnel. The m ixture was cooled to -5 “ C. by m eans 

of an ic e - s a l t  bath. F ifteen  m illili te rs  of diethyl am ine was 

then added in sm all portion® over a two hour period  so that 

the tem p era tu re  never ro se  above +5* C. The m ixture was 

s t i r r e d  fo r  tw enty-four hours in an ice-bath  and s t ir re d  another 

tw enty-four hours a t room  tem peratu re .

Two p repara tions using the quantities above w ere combined 

fo r the next phases of the reaction. Saponification and d ec a r­

boxylation w ere accom plished by boiling th irty  m inutes with 999 

g, of sodium hydroxide dissolved in 6 l i te r s  of w ater. The
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m ix ture was steam  d is tilled  until 14 l i te r s  oaf d is tilla te  was co l­

lected* The organic la y e r  was separa ted  and the aqueous la y e r 

again  d is tille d  until the d is tilla te  becam e clear* This operation 

was rep ea ted  tw ice more* The final w ater solution was ex trac ted  

with th ree  100 m l. portions of e th er. The combined organic 

la y e rs  w ere d ried  over calcium  chloride, f ilte red , and d is tilled  

to rem ove solvent.

F ractiona tion  of the residue gave 29 S g. of 3-m ethyl-5*
2ethy l- A  - cyelohexeacuie (36 p ercen t of the th eo re tica l amount) 

boiling a t 102 - 1!2* C ./ l  1 mm.
ZSixty g ram s of 3 -m ethyl- 5 - ethyl - A  ~ cycl ohexenone # 0.1 

g. of platinum  oxide, and 60 m l. of ethyl alcohol w ere placed 

in a  heavy-w alled g lass bottle and hydrogenated on the low p re s ­

su re  F a r r  hydrogenator. The in itia l p re s su re  was 50 lb s . The 

m ixture absorbed  the calculated amount of hydrogen (36 lb . drop 

in p re ssu re )  during th irty  m inutes to th ree  hours in d ifferen t 

experim ents.

The products of five runs w ere then combined, the p la t­

inum filte red , and the solvent was rem oved by d istilla tion . 

F ractionation  of the residue gave 232 g. of product boiling a t 

89,5-94° C ./17  mm. (reported  boiling point 200-291,5° C. [11;
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204-205* C ./747 m m. [41]). He d istilla tion  of the fo re ru n  and

resid u e  gave an additional 26 g. of product. The to ta l yield 

was 258 g. and rep resen ted  an 85.5 p ercen t yield  fo r  the hy­

drogenation phase.
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P re p a ra tio n  of 3* Methyl* 5-Ethylcyclahexanone Oxime

CH3— CH CH— CH2— CH3

\  /
C
II
N
\

(HO--) OH

Two hundred and fifty -e igh t g ram s, 1.84 moles* of 3- 

me th y l-5«©thylcyclohexaaone disso lved in I l i te r  of isopropyl 

alcohol was m ixed with 399.5 g., 2.76 m oles, of hydroxylamine 

hydrochloride, 148 g., 3,68 m oles, of sodium hydroxide and 500 

g ., 3.6-i m otes, of sodium aceta te  trih y d ra te  dissolved in 1.5 

l i te r s  of w ater. The m ixture was heated th irty  m inutes on the 

steam  hath  and allowed to stand overnight. The following day 

the m ixture was again heated fo r th irty  m inutes on a steam  hath 

and allowed to stand overnight. The isopropyl alcohol la y e r  was 

separa ted  and the w ater lay e r ex tracted  with th ree  150 m l. p o r­

tions of e ther. The combined ex trac ts  were washed with 100 

m l. of sa tu ra ted  sa lt solution, d ried  over sodium sulfate and the 

solvent was rem oved through a Vigreux column.
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The residue contained w ater and was th e re fo re  fu rth e r  

d ried  by adding benzene and rem oving the w ater by azeotropic 

d istilla tion . F ractionation  of the residue gave 240 g. of a  v is ­

cous product (84 p ercen t of theo re tica l amount) boiling a t 129.5- 

134* C ./15 m m , (repo rted  boiling point 127-128* C . / l l  m m .

t m .
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The Beckmann R earrangem ent of 3-M ethyl-5 
Sthylcyclohexanone Qxime

/ c\
CH,— CM GH — CH,—CH­'S j | 2 3

CH, GH,i2 n
H N ----------  CO

and

/ CH2
/  \

CH,—CH CH — CH.— CH,3 | | E

CH , CH
\  I

OC1--------- ■ NH

Two hundred and fo rty  gram a of sulfuric acid  (96.5 p e r ­

cent) was p laced  is* a  beaker equipped with a  s tirre r*  therm om ­

e te r  and dropping funnel* The su lfuric acid  was heated to 110* 

C. and the tem p era tu re  was m aintained between 110 and US* G. 

by the slow addition of 120 g. of 3-m ethyl - 5 -ethylcyclohexanone 

oxime from  the dropping funnel. A fter the com plete addition 

of the oxime, which req u ired  one and one-half hours, the r e a c ­

tion m ix ture was heated fo r  fifteen  m inutes between 110 and 

115* C.



97

Two of the above reaction  m ix tu res w ere com bined, cooled 

to 10* C. and poured onto ice sufficient to dilute to 2 l i te r s .

The m ix ture was ex trac ted  with five 250 ml* portions of ch lo ro ­

fo rm , washed th ree  tim es with 50 ml* of 10 p ercen t sodium  c a r ­

bonate and d ried  over anhydrous sodium sulfate and anhydrous 

m agnesium  sulfate. The solvent was rem oved by d istilla tion . 

D istilla tion  of the residue from  a C laisen  flask  gave 179.5 g. 

of sligh tly  yellow product (74. k p ercen t of the theo re tica l amount) 

boiling a t 179 - 171.5* C ./17-18  mm. The product solidified on 

cooling to  room  tem p era tu re .
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P re lim in a ry  Solubility Studies of Dialkyl Substituted 
€ -C apro lactam  M ixtures

The approxim ate so lub ilities of various m ix tu res of the 

lac tam  obtained by Beckmann rea rran g em en t of 3-m eth y l-5- 

ethylcyclohexanone oxime w ere determ ined  in a  num ber of so l­

vents in  an attem pt to  find a  suitable solvent fo r iso lation  of 

the pure  isom eric  lactam s.

I. la  a p re lim in ary  Beckmann rearran g em en t of 3 -m ethyl -

5-ethylcyclohexanone oxime a lactam  m ixture c ry s ta llized  on 

pouring the reaction  m ixture onto ice. This lactam  m ixture 

was recrystallissed  from  w ater to give the following frac tions;

1 m .p. 75-84* C*

ii m .p. 70-78.5* C.

iii m*p. 86-^3* C.

The acid  f iltra te  rem aining a f te r  f iltra tio n  of the orig inal 

lactam  c ry s ta ls  was ex trac ted  w ith chloroform . The chloroform  

ex tra c ts  w ere washed with sodium carbonate solution and d ried  

over anhydrous sodium sulfate. The residue rem aining on evap­

o ration  of the chloroform  was re c ry sta llised  from  1‘hexaneM to 

give the following frac tions;
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iv m .p. 76*78* G. 

v m .p. 90-92* C.

Tli® so lubilities of frac tio n s i, ii , ill , iv, and v w ere de­

te rm in ed  by dissolving a known weight of solid  In a  known vol­

um e of solvent and allowing c ry s ta llisa tio n  to occur a t the 

designated tem p era tu re . C ry sta llisa tio n  was allowed to proceed  

overnight fo r  the solubility determ inations a t room  tem p era tu re  

and fo r one hour fo r the determ inations a t ice-bath  tem p era tu re . 

The c ry s ta llise d  solid was then filte red  and d ried . The d iffe r­

ence between the weight of the c ry s ta llised  solid  and the weight 

of the solid  orig inally  taken was used to estim ate  the solubility. 

The re su lts  a re  sum m arised  in Table VI.

2. Solubilities w ere determ ined  on a lac tam  m ixture 

boiling a t ITS-176.3° 0 , / I S  mm . which was obtained by r e a r ­

rangem ent of 3 - methyl - 5 - e thylcyclohexanone oxime. All the 

product in th is case was iso la ted  by chloroform  ex traction  fo l­

lowed by d istilla tion . The so lub ilities a re  reco rded  in Table 

VII and w ere determ ined  in a m anner identical to the m ethods 

ju s t described .
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TABLE VI

APPROXIMATE SOLUBILITY OF MIXTURES OF METHYL 
ETHYL SUBSTITUTED e-CAPROLACTAMS

■ hi ■■

Solvent Lactam
F rac tio n

Solubility in G ram s p e r  100 
M illilite rs  of Solvent

Room
T em peratu re

Ice-bath
T em peratu re

W ater V 1.4 g. 1.4 g.

W ater 1 1 . 6  g . 1 . 6  g .

Ethyl aceta te i V , 8 . 33. g.

Sthyl aceta te ili v . s . 11. g.

TABLE VII

APPROXIMATE SOLUBILITY OF A DISTILLED MIXTURE OF 
METHYL ETHYL SUBSTITUTED e-CAPROLACTAMS

Solvent

Solubility in G ram s p e r 100 M illilite rs  of
Solvent

Room  T em perature Ice-bath  T em peratu re

W ater

Cfchyl aceta te  

H exane

2.6 g. 

v*&. 

7.4 g.

2.3 g. 

29. g. 

5,b g.
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3. F rac tio n a l c ry s ta llisa tio n  of the lactam  m ixture d e ­

sc rib ed  In (1.1 using hexane as the solvent, gave pure  Lactam  

A, m .p. 105.8-106.2® C.» and sev era l m ix tu res of low er m e lt­

ing point. The solubility  of the low est m elting lactam  m ixture, 

m .p. 73-79-5® C., obtained from  the fractional c ry s ta llisa tio n  

was determ ined  in various solvents. The re su lts  a re  reco rd ed  

in  Table VUL

Subsequently it  was found that separation  could be a c ­

com plished m ore conveniently by ex trac tion  of the orig inal la c ­

tam  m ixture with cold ethyl aceta te  and re  c ry sta llisa tio n  of the 

various resid u es and ex trac tives from  hexane.
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TABLE VIII

APPROXIMATE SOLUBILITY OF THE LOWEST MELTING 
MIXTURE OF METHYL ETHYL SUBSTITUTED

6-CAPROLACTAMS REMAINING AFTER 
ISOLATION OF SOME PURE 

LACTAM A

Solvent

Solubility in  G ram s p e r  100 
M illilite rs  of Solvent

Room
T em perature

Ice-bath  
T em peratu re

A cetonitrile

Heptane

ethylene dichloride 

Ethyl brom ide

v.». 

22 g-

33 g.

m

45 g. 

41 g.
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M ethod fo r  o f Iso m eric  L actam s R esu lting F rom
the Beckmann R earrangem ent of 3-M ethyl-5- 

thylc yclohexanone Oxime

The d is tilled  m ixture of lactam s resu lting  from  the r e ­

arran g em en t of 3-m eth y l-5-ethylcyclohexanone oxime was d is ­

solved In half its  weight of ethyl acetate and tra n s fe rre d  to a 

b eaker. The m ixture was cooled in an ice-bath  to c ry s ta llise  

the lac tam s. This p re lim in ary  operation was perform ed to give 

the solid  a  c ry sta llin e  ch a ra c te r  b e tte r  suited fo r  the subsequent 

operations. This operation was not n ecessa ry  when separating  

m ix tu res that w ere already  in a sa tisfac to ry  form , such as m ix­

tu re s  of lac tam s resu lting  from  fractiona l c ry s ta llisa tio n s .

The m ixture of lactam s was ex trac ted  with sev era l p o r­

tions of ethyl aceta te  cooled to 0* G. The solid was s t i r re d  

in te rm itten tly  with the solvent fo r five m inutes and then filte red  

by suction.

The m elting points of the residues and the ex tractives w ere 

used as the c r i te r ia  of the p ro g ress  of the separation . The am ount 

of solvent fo r each ex traction  was adjusted so that a fte r all ex ­

trac tio n s . approxim ately one-th ird  of the weight of the o rig inal 

m a te ria l rem ained. The residue at th is point m elted over a
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considerab le  range but did not m elt com pletely until the te m p er­

a tu re  had r is e n  to a t le a s t 90* C. This was found sa tisfac to ry  

fo r  pu rification  by re c ry  sta lliaation .

F our to sin  recrystalli& ations of the residue from  ' ’hex­

an e "  {from petroleum ) gave iso m er A, m.p. 105.8 - 106.Z* C.

Anal.: C alc 'd  fo r C ^H ^O N : C. 69.64; H» 11.04; N, 9.0.

Founds C, 69.65; H, 11.00; N, 8.9 (Kjeldahl).

/ GHZ 
/  \

C H .—CH CH — CH,— CH,3 | | 2 3

CH* CH,
\ 2 I 2

HN------------CO

The ethyl aceta te  solutions from  the ex tractions w ere 

evaporated  to  d ryness and if n ecessa ry  re  ex tracted  with ethyl 

ace ta te  so tha t the ex tractive  obtained by evaporation of the 

solvent m elted  above 73° C. In a few c a ses  the ex tractive  was 

re c ry s ta llis e d  once from  1 h e x a n e 11 in o rd e r  to obtain the d es ired  

m elting point.

The appropriate  ex trac tives were com bined and re c ry s ta l-  

lined a t le a s t twelve tim es from  "hexane1* to give iso m er B. 

m .p. 100*3-101.3* C.



105

Anal.: C alc’d for C .H ^O N : C, 59.64; H, 11.04; N, 9.02.

Found: C. 69.58; H. 11.00; N. 9.10.

CH,/ \CH,— CH CH — CH — CH,3 | , 2 3

CH, CH,
\  | 2

OC —  NH

A# an exam ple, 179.5 g, of d istilled  lac tam s w ere d is ­

solved in 100 m l  of ethyl aceta te  and cooled in an ice-hath  to 

c ry sta llin e . This m ixture w as ex trac ted  with 350 m l. of cold 

ethyl aceta te  to  leave 101.5 g. of residue m .p. 70-83.5* C.

This residue was fu rth e r ex trac ted  with 150 m l. of cold ethyl 

aceta te  to leave 54.5 g. of residue m .p. 82-96.0° G. Four r e -  

c ry s ta llisa tio n s  of th is residue from  ’ 'hexane ’1 gave 25.5 g. of 

iso m er A, m .p. 105.8-106.2* C.

The ethyl acetate solutions from  above w ere evaporated 

to d ryness and the residual m a te ria l ex trac ted  again indepen­

dently with cold ethyl ace ta te . The ethyl acetate solutions from  

these second ex tractions w ere evaporated to d ryness and the 

ex trac tiv es  re c ry  sta llised  once from  "h ex an e ."  By s im ila r  

trea tm en t of the ex trac tiv es from  the second ex trac tions, m ore 

c ry s ta ls  w ere obtained. The combined c ry s ta ls  weighed 59.6 g.
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and had an approxim ate m elting point of 75 to  87* C. This 

m a te r ia l was ree ry sfa llie ed  twelve tim es from  "hexane" to 

give 9.1 g. of iso m er B, m .p. 100.3-101.3* C.
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C onversion of the Lactam  of 3 -E thyl-5-M ethyl-6 -
Aminohexanoic Acid to Ethyl 3 - E thy l-5 - 

Methylhexanoate and O ther
P roducts

The m ethod as described  h ere  was essen tia lly  the sam e 

a s  a lread y  describ ed  in th is th es is  fo r  the n itrous acid  t r e a t ­

m ent of e -cap ro iac tam .

Twenty g ram s, 0.13 m ole, of the lac tam  of 3-ethyl-S - 

m ethyl-6 •  amlnohexanoic acid, iso m er A, was hydrolysed by r e -  

fluxing fo r  one hour with the calcu lated  am ount of hydrochloric 

a d d  (11 m l. of concentrated  hydrochloric acid  diluted to 36 m l. 

with w ater). A fter evaporation of the solvent under vacuum on 

a  steam  bath, th e re  rem ained  a co lo rle ss  viscous oil. A so ­

lution of 13,4 g „  0.19 m ole, of sodium n itr ite  d isso lved  in  32 

m l. of w a te r was added to the oil o ver th irty  m inutes. A v ig­

orous exotherm ic reaction  took place with considerable foaming. 

A fter the sodium  n itr ite  solution had been added the solution 

was made acid to Congo red  by addition of dilute hydrochloric 

ac id  (one volume of concentrated  hydrochloric acid  to one vol­

ume of w ater). The organic upper la y e r  tu rned  green . The 

reac tio n  m ixture was heated fo r  one hour on a steam  bath. The 

m ix ture was cooled, ex trac ted  with chloroform  and the chloroform
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e x tra c ts  w ere d ried  over anhydrous sodium  sulfate. The ch lo ro ­

fo rm  was rem oved by d istilla tion  on a steam  bath. The residue 

was d isso lved  in 100 m l. of absolute ethyl alcohol and was hy­

drogenated  oij a  low p re s su re  B u rg e s s -P a r r  hydrogenator using 

0.1 g. of platinum  oxide ca ta ly st. Only a  0.5 lb. hydrogen p r e s ­

su re  drop was observed. Based on experiences in the deg rada­

tion of £ -eap ro lae tam  a p re s su re  drop of about Z lb s . was an ­

tic ipa ted  a t this point.

The platinum  was f ilte re d  and the m ixture of acids was 

e s te r if led  by refloating th e ir  alcoholic solution fo r  twelve hours 

a f te r  addition of 5 m l. of concentrated  su lfuric acid. The m ix­

tu re  was cooled In an ice -b a th  and was n eu tra lised  w ith a  con­

cen tra ted  solution of sodium carbonate. The sodium sulfate 

was f ilte re d  and the f iltra te  was diluted with chloroform  until 

two la y e rs  fo rm ed  and the aqueous la y e r  was ex trac ted  with 

ch loroform . The chloroform  ex trac ts  w ere washed twice w ith 

cold sa tu ra ted  sodium  chloride solution and w ere d ried  over an ­

hydrous sodium sulfate. The solvent was rem oved by d is tilla ­

tion under vacuum on a steam  bath. F ractionation  of the residua 

through a  on® foot V igreux column of & mm. d iam eter gave the 

following fractions;
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X 0.4 g. below 44* C ./0 .7  m m .

XI 2.5 g. 51* C . / l . 4 mm. - 59* C . / l . 9 mm

III 1.0 g. 59-67.5* C . / l . 9 m m .

IV 2.6 g. 87.5-97,5* C . / l .9 mm.

V 1.1 g. 97.5-108* C ./2  m m .

VI 2.1 g. 108-113* C ./2  m m .

The residue le ft in the d istilla tion  Hash weighed 2.7 g.

F rac tio n  I was fo re ru n  and was not fu rth e r  investigated.

25F rac tio n  XI, n^ 1.4288, which should be the sa tu ra ted  

fa tty  e s te r , gave positive brom ine and B aeyer te s ts  fo r  unsat - 

u ration . Two and th ree -ten th s  g ram s of F rac tio n  XI was d is ­

solved in § m l. of acetic acid  and was hydrogenated on the low 

p re s su re  hydrogenator using platinum  oxide catalyst. There 

was observed  a  0.5 lb . hydrogen p re s su re  drop in one hour.

The platinum  was f ilte re d  and the solvent was rem oved by d is ­

tilla tion . D istillation of the residue through a  sm all C laisen 

flask  with V igreux side arm  gave 0.1 g. of fo re run , and 1.6 g.

of ethyl 5 -ethy 1 - 5 - m ©thylhexaaoate boiling a t 50-58* C ./ l  m m .,
20  25

**d ^<1 1*4218, 1,4198, see p repara tion  of ethyl

3-ethyl - 5 - m ethylhexanoate).

Anal.: Saponification equivalent Calc d fo r C l l H2E°2! Kit>-3

Found: 166.1.
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The S-benxyl thiuronium  sa lt  (107) w as p rep ared , and 

veeryitftliiiBttd fro m  aqueous alcohol, m .p. 148,6*148.8* C .| no 

d ep ressio n  of the m elting point was observed when m ined with 

an authentic sam ple (see p repara tion  of ethyl 3-ethyl* 5 -m ethyl- 

hexanoate)s a  depression  of the m elting point was observed when 

m ined w ith the S-benny! thiuronium  sa lt of the Isom eric  3,5- 

dimethyiheptanoiG acid  (see p repara tion  of ethyl 3,5-d im ethy l- 

heptanoate).

Anal.s C alc 'd  fo r  C N, 8.6.

Found? N, S.4 (Kjeldahl).

The p-toluidide was p rep ared  (10a, 109) by in teraction  

of the e s te r  w ith the m agnesium  brom ide derivative of p-toluidine 

and w as rec ry s ta llia ed  from  aqueous alcohol, m.p.- 56.8-57.8* C.; 

no dep ressio n  of the m elting point was observed when m ixed with 

an authentic sam ple (see p repara tion  of ethyl 3-e th y l-5-m ethy l- 

hexanoate); a la rg e  m elting point depression  was observed when 

m ixed with the p-toluidide of the isom eric  ethyl 3 ,5-dim ethyl - 

heptanoate (see p repara tion  of ethyl 3,5-dim ethylheptanoate).

Anal.: Calc*d fo r C 16h 25ON: N. 5.7.

Found: N, 3.6 (Kjeldahl).
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F rac tio n  III was apparently  a  m ix ture of the compounds 

obtained in  F rac tio n s II and IV and was not fu rth e r  investigated.

F rac tio n  IV gave a  strong  B eilste in  te s t  fo r halogen and 

a  positive sodium fusion te s t  fo r halogen* By analogy to the 

re su lts  obtained by degradation of € -capro lactam  th is frac tion  

was ten tatively  identified as consisting predom inately  of ethyl 

3 -ethyl-5~ methyl -6 -cM orohexanoate. The position of the chlorine 

was not rigo rously  established.

The po tassium  sa lt of the acid  obtained by acid hydrolysis 

of the e s te r  followed by neu tra lisa tion  with po tassium  hydroxide 

was converted into the S-beaayl thiuronium  sa lt by in teraction  

with S-benayl thiuronium  chloride (1071. The S-benayl th iu ro - 

nlum  sa lt obtained in th is m anner was rec ry sta llin ed  from  ethyl 

aceta te  and m elted a t 153-154.5® C.

Anal.s C alc’d fo r  C ^H ^O ^R jS C ls  N* 7*8* S, 8.9s Cl, 9,9.

Found; N, 7.5 (Kjeldahl); S, 8.9* 9.0; Cl, 9.7, 9.9.

The potassium  sa lt of the acid  obtained by saponification 

of the e s te r  with alcoholic potassium  hydroxide was converted 

Into the S-bennyl thiuronium  sa lt which was recryst& Uised from  

e&tyl a c e ta te , m .p. 146-147.5* G. The S-bea»yl thiuronium  sa lt 

p rep a red  in the sam e m anner from  F raction  V m elted at
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146-147.5* C. Com parison of the m elting points of the two S- 

beazyl thiuronium  sa lts  p rep a red  from  F raction  IV indicated 

apparen tly  th a t saponification of the e s te r  led  to some hydro ly­

s is  of the ch loro  substituent.

F raction  V gave a  positive B eilste in  te s t  fo r  halogen 

and w as probably a  m ixture of the compounds obtained in F ra c ­

tions IV and VI. The S-benzyl thiuronium  sa lt was p rep ared , 

m .p, 146-147.5* C.

Anal.s Calc*d fo r  C ^ H ^ O ^ S C l :  N, 7.8.

C alc 'd  fo r  C t? HE8G3HaS: N, 8.2.

Found; N, 8.0 (Kjeld&M).

F rac tio n  VI gave a sligh t B eilste in  te s t fo r  halogen. By 

analogy to the re su lts  obtained by degradation of c -cap ro lac tam  

this frac tio n  was tentatively  identified as consisting predom inately  

of ethyl 3-e th y l-5 -m ethyl - 6-hydroxyhexanoate. The position of 

the hydroxyl group was not rigorously  established*

The potassium  sa lt of the acid obtained by saponification 

of the e s te r  w ith alcoholic potassium  hydroxide was converted  

Into the $ -benzyl thiuronium  sa lt which was rec ry s ta lliz ed  from  

ethyl ace ta te , m .p. 128,8-129.4° C.
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A nal.: C nlc'd  fo»  C 17H2g0 3N2S: N, 8.2; S, 9 .4 .

Found: N, 8.4 (Kjaldahl); S, 9 .4 . 9 .6 .
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C onversion of the L actam  of 3,5-D im ethyl-6 - 
Aminoheptanoic Ac 14 to Ethyl 3,5- 

Dime thylheptano&te and
O ther P roducts

Ten f ra m e  of the lactam  of 3,5-d im ethyl-6 -am inoheptanoic 

ac id  was degraded in  an analogous m anner to that describ ed  fo r 

the iso m eric  lac tam  of 3 -ethyl - 5 - m ethyl - 6 - am inohexanoic acid* 

A fter hydro lysis with the calculated  amount of hydrochloric acid  

and evaporation  of the solvent the re  rem ained a co lo rle ss  v is ­

cous oil. A fter trea tm en t of th is  oil with 6.7 g., 0.1 m ole, of 

sodium  n itr ite  d issolved in 16 ml* of w ater the crude product 

was hydrogenated and e s te rifled  a s  a lready  described* On d is ­

tilla tion  of the m ixture of e s te rs  the following frac tions w ere 

obtained:

I 0* 1 g. fo re run

11 2*0 g. 66.5-69.5* C ./2 .9  mm.

III 0*2 g* 69.3-69* C ./3  mm.

IV L2 g* 89-109* C ./3  mm.

V 2.3 g. 109-122* G ./3 m m .

and 1.7 g. of black residue rem ained in the d istilla tion  flask .
29F rac tio n  II* n ,  1.4244, gave positive brom ine and B aeycr

——-— — <2

te s ts  fo r unsaturation. One and seven-tenth® g ram s of F raction
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II was d isso lved  in 5 m l. of ace tic  ac id  and was hydrogenated 

on the low p re s su re  hydrogenator using platinum  oxide ca ta lyst. 

T here  was observed  a 0.1 lb. p re s su re  drop* The platinum  was 

f ilte re d  and the solvent was rem oved by d istilla tion . D istilla tion  

of the residue through a sm all C laisen  flask w ith V igreux side 

a rm  gave 1.2 g. of ethyl 3,5-dim ethylheptanoaie boiling a t 50- 

54* C . / l  m m .t 1.4191 ( n ^ °  1.4218, n ^ ^  1.4199, see p re p ­

ara tio n  of ethyl 3,5-dim  ethyl hep tana ate).

Anal.s Saponification equivalent C alc’d fo r c a H2 2 °2 : IS6-3-

Founds 164,5*

The S-beitsyl thiuronium  sa lt $10?) was p rep ared  and r e -  

c ry s ta lllaed  from  aqueous alcohol, m .p. 139.6-140.6® C.j no de­

p re ss io n  of the m elting point was observed when m ixed with an 

authentic sam ple (see p repara tion  of ethyl 3,5-dim ethylheptanoate); 

when m ixed with the S-benayl thiuronium  sa lt of the isom eric  3- 

ethyl-5 -m ethylhexanoic acid  (see p reparation  of ethyl 3 -ethy l-5 - 

methylhexanoate) a depression  of the m elting point of the h igher 

m elting isom er was observed.

Anal.: C alc’d fo r  C^H^gO^N^S: N, 8.6.

Found: N, 8.5 (Kjeldahl)*
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The p-to luidide was p rep a red  (108, 109) by in teraction  

of the e a te r  with the m agnesium  brom ide derivative of p-toluidine 

and was re  c ry sta llized  from  aqueous alcohol, m .p, 62.3-64.3* G.; 

no d ep ress io n  of the m elting point was observed  when m ixed with 

an authentic sam ple (see p repara tion  of ethyl 3 ,5-dim ethylhep- 

tanoate); a la rg e  m elting point depression  was observed  when 

m ixed with the p-toluidide of the h o m e ric  ethyl 3 -e th y l-5- 

me thylhexanoate (see p rep ara tio n  of ethyl 3 -e th y l-5-m ethyl- 

hexanoate).

Anal.: C alc’d fo r  N, 5.7.

Found: N, 5.7 (Kjeldahl).

F rac tio n  III was an in term ediate  frac tio n  and was not 

fu r th e r  investigated.

F rac tio n s  IV and V gave strong B elistein  te s ts  fo r  halogen 

and by analogy to the degradation of the lactam  of 3-e th y l-5- 

m e th y l-  6 -am inohexanoic acid  probably consisted  of the analogous 

chloro and hydroxy e s te rs . These fractions were not fu rth e r 

investigated.
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P rep a ra tio n  of Ethyl Isobutyl Ketone 

CH3~CH2-CO-CH2-CH-(CH3)2 

Method At C ataly ticaliy  oyer Thorium  Oxide (89)

The apparatus and method fo r p reparing  ethyl isobutyl 

ketone was essen tia lly  the sam e as described  fo r  the p repara tion  

of m ethyl benzyl ketone in Organic Syntheses (89).

T hree hundred and fou r g ram s, 4 m oles, of p rac tica l 

grade propionic acid  and 104 g., 1 m ole, of technical grade iso ­

va le ric  acid  w ere m ixed and added from  a  dropping funnel a t a 

ra te  of sixteen drops p e r minute to a hot tube containing thorium  

oxide deposited on pea-sine porous p late. The tem pera tu re  of 

the tube was m aintained between 400 and 450* C. Sim ultaneously 

a  slow s tre a m  of carbon dioxide o r  nitrogen was p assed  through 

the tube to keep the gases in motion. The en tire  solution was 

ran  through in twelve hours. After all the solution had been 

added, 10 m l. of propionic acid was used to rin se  out the funnel 

and it was passed  through the reaction  tube to fac ilita te  the r e ­

m oval of the product. The hot gases w ere condensed in a long 

tube filled  with g lass  beads and the condensate collected in an 

E rlenm eyer flask  of appropriate  siae.
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The condensate consisted  of two la y e rs . Both la y e rs  

w ere tre a te d  with a  300 g. m ix ture of ice and w ater and w ere 

ren d ered  alkaline to litm us with a  sligh t excess of 50 p ercen t 

sodium  hydroxide solution. The oil was separa ted  and the aqueous 

la y e r  ex trac ted  with two 50 m l. portions of henaene. The ex­

tra c ts  w ere com bined with the oil and d ried  over anhydrous so ­

dium  sulfate, The solvent was rem oved by d istilla tion . F ra c ­

tionation of the residue gave 44.3 g. of product (41 percen t of 

the th eo re tica l am ount based  on iso v a leric  acid) boiling a t 132 

-  133° C. (reported  boiling point. 135® C. [l!0 ]j 136-137* C. 

f 111]). Notes When the ethyl isobutyl ketone was p rep ared  

using a tw o-to-one ra tio  of propionic ac id  to iso v a leric  acid, 

the percen tage yield was reduced to 18 percen t.

Method Bs Cadmium Dialkyl Method (90-95)

A five l i te r ,  th ree-necked  flask  was fitted  with a  H ersh- 

berg  s t i r r e r ,  condenser, and Y-tube. The condenser was fitted  

w ith a  drying tube filled  with soda lim e. One opening of the Y- 

tttbe was used  fo r  introduction of nitrogen. The o ther opening 

of the Y-tube was used fo r  the addition of reagents.
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A solution of ethyl m agnesium  brom ide was p rep a red  in 

the flask  by the usual m ethod using 218 g ., 2 m oles, of Eastm an 

p ra c tic a l grade ethyl b rom ide, 49 g.» 2 m oles, of m agnesium  

turn ings and one l i te r  of diethyl e th e r d ried  over sodium.

One hundred and e igh ty -th ree  g ram s, I m ole, of anhydrous 

cadm ium  chloride, d ried  a t 110* € . overnight, was added to the 

G rignard  reagen t o ver fo rty -five  m inutes under a  n itrogen  a t ­

m osphere. The reaction  m ixture was cooled in an ice-bath  

during the addition. The m ixture was refluxed fo r one hour a t 

which tim e the te s t  fo r G rignard  reagen t with M ich ier’s ketone 

was negative. The reaction  m ixture a t th is point was thick with 

so lid  and s tir r in g  was difficult and rem ained so up to the hy­

d ro ly sis  step. The e th er was d istilled  off and rep laced  with an 

equal volume of benaene.

One hundred and twenty g ram s, 1 m ole, of iso  vale ry l 

chloride previously  p rep ared  from  isovaleric  acid and thionyl 

chloride by the usual procedure (112) (b. 154 - 115* C„ p r e ­

pared  in 30 p ercen t yield) was introduced into the reaction  

m ixture from  a  dropping funnel during fo rty -five  m inutes with 

no externa! cooling. The m ixture was refluxed fo r one and 

one-half hours and then allowed to stand overnight.
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H ydrolysis was accom plished by pouring onto 1.5 l i te r s  

of dilute su lfuric  acid (one p a rt concentrated  su lfuric  acid  to 

th ree  p a r ts  of w ater). The organic lay e r was separa ted  and the 

aqueous la y e r  ex trac ted  with two 190 m i. portions of benzene. 

The solvent was rem oved by d istilla tion . F ractionation  of the 

residue  gave 53 g. of the product, b.p. 132-133* G. (46.5 p e r ­

cen t of the theore tica l amount based  on is ovale ry l chloride).
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P re p a ra tio n  of Ethyl 3 - E thyl- 5 - Me thylhexanoate (96, 113)

CELI
CH3 * G H -C H ^C H - CH2- COOCH2GH3

TW rty-nine and th ree -ten th s  g ram a, 0,6 m ole, of 30 m esh 

»iac (B ak er’s C .F.) previously  cleaned by the p rocedure of F ie s e r  

and Johnson (114) was placed in a two l i te r , th ree-necked  flask  

fitted  w ith a  s t i r r e r ,  dropping funnel and condenser. A drying 

tube filled  with calcium  chloride was fitted  to the top of the con­

denser. A m ixture of ST g ., 0.5 m ole, of ethyl isobutyl ketone,

S3.5 g.» 0.5 m ole, of ethyl brom oacetate (Eastm an white label),

200 m l. of benaen® and 170 ml. of toluene (96) both d ried  over 

sodium was added over a period  of one hour. Heat was applied 

a t the beginning of the addition to in su re  that the reaction  had 

s ta rted . Continued vigorous in teraction  was regulated  by the 

ra te  of addition of the reagent m ixture. The m ixture was finally  

refluxed fo r four hours, cooled and hydrolysed by pouring into 

409 m l. of 10 p ercen t su lfuric acid. The organic la y e r was 

sep ara ted  and the aqueous la y e r was ex trac ted  with th ree  50 m l. 

portions of hennene. The combined organic lay e rs  w ere washed
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su ccessiv e ly  w ith 50 m l. of cold 5 p e rcen t su lfuric acid. 50 m l. 

of cold  10 p ercen t sodium  carbonate. 50 m l. of cold w ater and 

d ried  over anhydrous sodium su lfate.

The sodium  sulfate was f ilte re d  and the f iltra te  refluxed
I

fo u r Hours w ith $5 g., 0.6 m ole, of phosphorus pentoxide (97). 

The m ix tu re was cooled and the solution decanted. The residue 

was rin sed  w ith benaene and the bensene decanted and com bined 

w ith the f i r s t  solution. The solvent was rem oved by d istilla tion . 

D istilla tion  of the residue gave 39.7 g. of unsaturated  e s te r  (43,2 

p e rcen t of the theore tica l amount) boiling at 103-106° C ./19-20 mm.

Twenty-nine and eight-tenths g ram s of the unsaturated

Ze s te r  was hydrogenated on the P a r r  low p re ssu re  hydrogenator

1
In the Reform atsky reaction  dehydration was not e f­

fected  using acetic anhydride as the dehydrating agent.

2 The in term ediate  unsaturated  e s te rs  in the p repara tion  
of ethyl 3 -ethyl - 5 - me thylhexanoate could not be hydrogenated in 
ethyl alcohol by low p re s su re  hydrogenation with platinum  oxide 
ca ta lyst. P a r tia l  hydrogenation was effected using 1,360 p .s .i. 
of hydrogen, 60° C. tem p era tu re , ethyl alcohol solvent and Ra­
ney nickel as ca ta ly st (99). Cope and Hancock (96) have used 
high p re s su re , high tem pera tu re  hydrogenation fo r reduction of 
a s im ila r  unsaturated  e s te r . It is  in teresting  to note that the 
unsatu ra ted  e s te r s  obtained in p repara tion  of ethyl 3,5-d im ethy l- 
hexanoate by the sam e method could be hydrogenation in four 
hours using low hydrogen p re ssu re , ethyl alcohol as solvent, 
and platinum  oxide ca ta ly st.
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•»  equal volume of acetic  acid  as  solvent and 0.2 g. of

platinum  oxide as ca ta ly st. The platinum  was f ilte re d  off and

the solvent rem oved by d istilla tion . D istilla tion  of the residue

through a  sm all C laisea flask  with V igreux side a rm  gave 26.4

g. of p roduct (33 p ercen t of the th eo re tica l amount) boiling a t

85-87* C ./17 mm.

R edistilla tion  of the product through a sm all diam eter*

one foot tall* heated Vigreux colum n gave 20.7 g. of p roduct

boiling a t 62.0-64.0° C ./4 .2  mm.* « * ^  1.4218. a  ** 1.4198*u a
20d4 0.867*

Anal.: C alc 'd  fo r  C, 70.9; H, 11.9; saponifica­

tion equivalent, 186.3; MR, 54.53.

Found: C, 70.7; H* 12.0; saponification equivalent,

183.3; MR* 54.58.

Six and th ree -ten th s  g ram s of m ateria l boiling a t 64.0-65.0® C ./ 

4.2 mm, was also  obtained by fu rth e r d istilla tion  and was not 

fu rth e r investigated.

The S-benxyl thiuronium  sa lt (107) of 3-e thy l-5 -m ethyl - 

hexanoic acid was p rep ared  and r© crystallised  from  aqueous 

alcohol* m .p. 148,6-149.1* C. M ixtures of th is sa lt w ith the

S-benxyl thiuronium  sa lt of the isom eric  3 ,5-dim ethylheptanoic
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acid  (stit p rep ara tio n  of ethyl 3,5~dlzne thylheptanoa t«) showed 

m elting points in term ediate  between the m elting points of the 

two pure  sa lts .

Anal.: C alc 'd  fo r C ^ H ^ O jN ^ S : N, 8.6.

Found: N, 8,4 (Kjeldahl).

The p-toluidide was p rep ared  (108, 109) by in teraction  

of the e s te r  with the m agnesium  brom ide derivative of p-toluidine 

and was rec ry sta llin ed  from  aqueous alcohol, m .p. 52.8-60.3* C. 

M ixtures of th is derivative with the p~toluidide of 3,5-dim ethyl- 

heptanoic acid  (see preparation  of ethyl 3,5-dim ethylheptanoate) 

showed m elting point depressions a t le a s t ten degrees below the 

low er m elting isom er.

Anal.: C aic 'd  fo r C ^H ^O N s N, 5.7.

Found: N, 5.5 (Kjeldahl).
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P re p a ra tio n  of Ethyl 3 ,5 -Dim ethylheptanoate (96, H i)

CH3 - CH2 - CH-CH2 - CH- CH2 - COOCH2CH3 

4 - Methyl -  2 * Heacanonc

This in term ediate was p rep ared  by alkylation of ethyl 

aceto&cetate with secondary butyl brom ide and ketonic hydrolysis 

of the alkylation product following the procedure of M arvel and 

H ager (100). The product was obtained in 24.4 percen t yield, 

b .p . 138-140.5* C ./749 mm. (reported  b.p. 139*142° C. flOOl),

Eihvl 3 .5 -Dimethylheptanoate .... lifi—nWn«i**ii w»*n—* «*>***«■< ' ihmiihii mtm

This compound was p rep ared  by essen tia lly  the sam e pro* 

cedure used fo r the synthesis of the isom eric  ethyl 3-©thyl-5- 

me thylhexanoate.

The H eform atsky reaction  was c a rr ie d  out with 39.3 g ., 

0.6 mole, of nine, 5? g ., 0.3 mole, of 4-m ethy l-2 -hexanone, 83.5 

g., 0.3 mole of ethyl b rom oaceta te , 200 ml. of benzene and 170 

m l. of toluene.
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The hydroxy e a te r  waa dehydrated w ith phosphorus pent-

oxide as p rev iously  described . D istillation of the resu lting  mix* 

tu re  of unsatu ra ted  e s te rs  gave the following fractions:

I 14.2 g. fo re ru n

II 20.7 g. 98*102° C ./l®  mm.

Ill 8.1 g .. 100.5-108° C ./16 mm.

F rac tio n  1 was not fu rth e r  investigated.

F rac tio n  11 was hydrogenated as a lready  described  using 

acetic  acid  solvent and platinum  oxide ca ta ly st. The platinum  

was f ilte re d  and the solvent rem oved by d istilla tion . D istilla ­

tion of the residue gave the following fractions:

A 10.1 g. 86-91.5° C ./15  mm.

B 8.1 g. 89-94.0® C ./17  mm.

F rac tio n  HI was trea ted  identically  to F raction  II and 

gave on distilla tion:

C 4.8 g, 87*90.5° C ./U  mm.

p-T olu id ides w ere p rep ared  (I OS, 189) of F rac tio n s A,

B, and C and a ll m elted a t 64 *65® C. Melting points of m ix­

tu re s  of the various toluididess showed no depression . F rac tio n s 

A B and C w ere th e re fo re  com bined and refrac tiona ted  to give
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17,8 g. of ethyl 3,5-dim ethylheptanoate hailing a t 59.5-61.0* C j  

2,6 m m ,, 20 1.4218, i»d25 1.4198, d j20 0.867.

Anal.: C alc 'd  fo r  Gn H22°2: C’ 70-9: H- saponifica­

tion equivalent, 186.3j MR, 54.53.

Found: C, 70.7: H, 12.0; saponification equivalent,

185.3; ME, 54.58.

The S-benzyl thiuronium  sa lt (107) of 3,5-dim ethylhep- 

tanoic acid  was p rep ared  and rec ry sta llix ed  from  aqueous a lco ­

hol, m .p. 141.2-141.7* C. M ixtures of th is sa lt with the 5-benzyl 

thiuronium  sa lt of the isom eric  3-ethyl - 5*methylhexanoic acid 

(see p rep ara tio n  of ethyl 3-ethyl -5 -m ethylhaxanoate) showed 

m elting points in term ediate between the m elting point® of the two 

pure  sa lts .

Anal.: Cale*d fo r  C 17H28° 2N2S: N* 8

Found: N, 8.7 (Kjeldahl).

The p-toluidide was p rep ared  (108, 109) by in teraction  

of the e s te r  w ith the m agnesium  brom ide derivative of p-toluidine 

and was re  c ry sta llized  from  aqueous alcohol, m .p, 65.8-66.8* C, 

Mixture® of this derivative with the p-toluidide of 3-e th y l-5- 

m ethylhexanoic acid (see p repara tion  of ethyl 3-e th y l-5-m ethyl­

hexanoate) showed m elting point depressions a t le a s t ten degrees 

below the low er m elting isom er.



A nal.: C alc'd  for  Cj^HLgON: N,

Found: N, 5.4 (K jeldahl).
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P rep ara tio n  of 3 - Ethyl - 5 -  Me thylhexanoic Acid

c h 3

lZ

CH3 - CH- C H2 ~ CH- CHZ -COOH

Five gram® of ethyl 3-«thyl-5-roe thylhexanoate was sapon- 

if led  by r«flttxi»g fo r two and one-half hour a with a solution of 

3 g. of potassium  hydroxide d issolved in  30 m l. of w ater and 

10 m l. of alcohol. The reac tion  m ixture was cooled and was 

made acid  to Congo red  by addition of dilute hydrochloric acid. 

The m ix tu re was ex trac ted  with e th e r and the e th e r ex trac ts  

w ere d ried  over anhydrous sodium sulfate. The sodium sulfate 

was f ilte re d  and the solvent was rem oved by distilla tion . F ra c ­

tionation of the residue through a sm all C laisen flask  with 

Vigreox side a rm  gave 0.6 g. of fo re ru n  boiling below 86° € . /

0.6 m m ., and 3.0 g. of product boiling a t 86-90® C ./0 .6  m m .,

« 20 1.4321. a  25 1.4301. d .20 0.907. 
d d  a

Anal.; C alc 'd  fo r C, 68.31; H, U .47; n e u tra li­

sa tion  equivalent, 158,2s HR, 45.30.

Found: C, 68.07, 68,00; H, 11.51, 11.43; n e u tra lisa ­

tion equivalent, 156*2; MR, 45.25.
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Preparation of 3 ,5 -Dime thylheptanoic Acid

CH* CH*| 3 ! 3

CH3~CH2-CH-CH2~GH-CH2~COOH

Five g ram s of ethyl 3 ,5~di methylheptanoate was saponified

with a solution of 3 g. of potassium  hydroxide dissolved in  30 ml.

of w ater and 10 m l. of alcohol. The crude m a te ria l was iso lated

as  p rev iously  described  fo r the p repara tion  of 3 -ethy l-5 -m ethy l-

hexanoic acid  and on fractionation  gave 0.6 g. of fo re ru n  boiling

below S7® C./O.T m m ., and 3.0 g, of product boiling a t 87-90®

C ./0 .7  m m , ,  n 20 1.4319, n 25 1.4300, d 20 0.906. 
a  d  4

Anal.: C a lc’d fo r  C, 68.31; H, 11.47; n eu tra li­

sation equivalent, 158.2; ME, 45.30.

Found; C, 68.20* 68.00; H, 11.43, 11.53; n eu tra li­

sa tion  equivalent, 156,4; MR, 45.26.
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P re p a ra tio n  of 7 -M ethy l-9 -E thy l-1,5 -P .n taon .thy l.ne te traK ole
( 101)

y CHz/  \
CH,—CH CH — CH.—CH.3 ( , 2 3

CH, CH.| 2 , 2

G --------- - N
II I
N N\  S

N

A 250 m l, th ree-necked  flask  was equipped with a s t i r r e r  

and condenser, A sm all E rlenm eyer flask  was attached to the 

th ird  opening by m eans of la rge  d iam eter rubber tubing slipped 

over the opening. The apparatus was d ried  in a hot room and 

p ro tec ted  from  m oisture by a calcium  chloride tube attached to 

the top of the condenser. Five g ram s, 0.032 m ole, of the lac* 

tarn of 3 ,5 -dim ethyl *6-aminoheptanoic acid  and 45 m l, of ben- 

aene w ere placed in the flask  and s tir re d  to effect solution.

Seven and one-half g ram s, 0.037 m ole, of phosphorus pentachloride 

was weighed quickly into the E rlenm eyer flask  and attached to the 

apparatus. The phosphorus pentachloride was added to the r e a c ­

tion flask  in sm all portions. During th is addition the m ixture



132

was kept a t room  tem p era tu re  by occasional cooling in an ic e -  

bath. The reac tion  m ixture wae s tir re d  until the phosphorus 

jw ntachloride had gone into solution.

The E rlenm eyer Hash and rubber tubing attachm ent was 

then rep laced  with a dropping funnel and SO m l. of a  10 percen t 

solution of hydrassoic acid in  bennene was added to the reaction  

m ix ture during one-half hour. Bering the addition of hydrassoic 

acid  the m ix ture becam e w arm  and some hydrogen chloride was 

evolved. The reaction  was kept a t room  tem pera tu re  by in te r ­

m itten tly  cooling It with an ice -bath, rhe m ixture was refluxed 

th ree  hours during which operation much hydrogen chloride was 

evolved. It was allowed to stand overnight and then refluxed 

th ree  hours longer until hydrogen chloride evolution had ceased. 

During the refluxing period  solid p rec ip ita ted  from  the reaction  

m ix ture.

The reac tion  m ixture was cooled to 10° € . A solid that 

sep ara ted  was f ilte re d  off and rec ry sta lliaed  from  w ater to give 

1.0 g, of co lo rle ss  c ry s ta ls  m elting at 91.S-95.8* C. This m a­

te r ia l  which p resum ably  was a  m ixture of lactam  and te traao le  

was not fu rth e r  investigated.
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The benzene m other liquor wa« evaporated to d ryn ess  

under vacuum on the steam  hath. The residue was a  dark  co l­

o red  viscous oil. The oil was poured onto ic e  and allowed to  

c ry s ta llis e  in the re f r ig e ra to r . The w ater was decanted and the 

sem iso lid  m ass ex trac ted  th ree  tim es with boiling "h ex an e ."

On cooling the "hexane ’ solution deposited 0.9 g. of product 

m elting a t 76-77.5* C. The product re  c ry s ta llised  from  hexane 

m elted  at 793-80.5® C«

Anal,; Calc*d fo r  C, 59.97; H, 8.95; N, 31.09.

Found: C, 60.00. 59.97; H, 8.90, 9.10; N, 31.13.

31.20,

M ixture m elting points of th is te tra so le  with the isom eric  

7 -e th y l-9 -m ethy l-1 ,5 -pentamefchylenetetraxole (see following p re p ­

aration) showed m elting points in term ediate between the m elting 

points of the two pure te tra so le  s.

H arvill, Roberts, and H erbst (1) described  a  methyl ethyl 

pentam ethylenetetraasole which had been obtained by the in te r ­

action of 3 - me thyl - 5 - e thylc y clohe xanone oxime with sodium aside 

and chlorosulfonic acid. T heir compound could have been e ith e r 

of the iso m eric  te trazo les  described  in th is  and the following 

p rep ara tio n . An authentic sam ple obtained from  the above authors
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m elted  a t 85.1-86.6* C. A m ixture m elting point determ ination  

w ith the te trazo le  described  in th is p rep ara tio n  showed a  d ep res­

sion of the h igher m elting te traao le . T herefo re , th e ir  te traao le  

was not 7-m ethy l-9 -e th y l-1 #5-pentam ethylenetetraaole.
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P  rep a ra tio n  of 7 - Cthyl - 9 - Methyl -1 ,5 - Pent am ethylenet* t r  anole
( 101)

Five grams* 0.032 m ole, of the lactam  of 3-©thyl~5~ 

m ethyl - 6 -am  inohexanoic acM dissolved in 45 m l. of benzene 

was tre a ted  with 7.5 g,, 0.37 m ole, of phosphorus pentachloride 

and 50 m l. of a 10 percen t solution of hydrazoic acid in benzene 

as p rev iously  described  fo r the isom eric  lac tam  of 3,5-dim ethyl-

6 -am inoheptanoic acid.

A solid that separated  on cooling the reaction  m ixture 

to 10® C. was f ilte red  off and rec ry sta llia ed  from  w ater to give

0.4 g. of co lo rle ss  c ry s ta ls  m elting at 37.6-09.1 ® C. This m a­

te r ia l  which presum ably  was teir&aole containing a slight amount 

of lactam  was not fu rth e r investigated.

3 2 3

CH2 CH'2

C NII
N N
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The product was iso la ted  as p rev iously  described  fo r  the 

p rep ara tio n  of 7*me thyl - 9 - ethyl -1 ,5  -pentam e thyl e ne te t  r  a zol e . Re­

c ry  s ta ll!  nation from  hexane gave 0 .1 g. of product, m .p. 37.2- 

08.2* C.

Anal.: Calc d fo r  C, 59.97; H, 8.95; N, 31.09.

Found: C, 59.92, 59.96; H, 8.95, 9.14; N, 31.30,

31.28.

M ixture m elting points of th is te traao le  with the isom eric

7-m ethy l-9 -e th y l-1, 3-pentam e thy lenetetr ancle (see previous p re p ­

aration) showed m elting points in term ediate  between the m elting 

points of the two pure tetraasoles.

A sam ple of the methyl ethyl pent& methylenetetranole 

p rep ared  by H arv ill, R oberts, and H erbst (1) (see previous p rep ­

aration) m elted  a t 85,1-86.6® C. A mixed m elting point d e te r ­

m ination with the te traxo le  described  in th is p repara tion  showed 

no depression , T herefore , th e ir  te traao le  was 7-e thy l-9 -m ethyl - 

1,5 -pentam ethylenetetrassole.



SUMMARY

1. A study has been made of the degradation of e -c a p -  

ro lac tam  to ethyl caproate . The o ther m ain products from  the 

degradation  have been identified a s  ethyl € -chlorocaproate and 

ethyl €-hydroxycaproate.

2. The Beckmann rearran g em en t of 3 - methyl - 5 -ethyl - 

cyclohexanone oxime has been shown to give a m ixture of the 

two s tru c tu ra lly  isom eric  lac tam s. The lactam s have been sep ­

a ra ted  by solvent ex traction  and fractional c ry sta llisa tio n  and 

th e ir  s tru c tu re s  have been estab lished  by conversion to ethyl

3 -ethyl - 5 - me thylhexanoate o r  to ethyl 3,5- diroethylheptanoate.

3. The new esters*  ethyl 3-ethyl-5~m ethylhexanoate and 

ethyl 3,5-dim ethylheptanoate, have been unequivocally synthe­

sized  by a  Ref o r  m atsky reaction  and have been ch arac te rized  

by physical constants and p reparation  of deriva tives.

4 . The two isom eric  lactam s, p rep ared  by the Beckmann 

rea rran g em en t of 3-m ethyl-5-ethylcyclohexanone oxime* have been 

converted  into th e ir  respective  methyl ethyl 1,5-pentam ethylene-
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te tra z o le s . The position of the alkyl substituents in 7-m ethy l- 

9-e th y l- t »5-psnt& m ethylenetetrazole and in 7 -ethy l-9 -m ethyl- 

1 .S-pent& m ethylenetetrazole has now been estab lished . The 

m ethyl ethyl 1 ,5-pentam ethylenetetrazole p rep a red  by H arvill, 

R oberts, and H erbst (1), whose s tru c tu re  had not been e s tab ­

lished , has been shown to be 7-ethyl~9-m ethyl- 1 ,5-pcntam eth- 

y lenetctranole by com parison with the two new te trazo le s  of 

known s tru c tu re .

5. A b rie f  investigation has been made of the n itrosa tion  

and decom position of the n itro so  compound of ethyl C -carbo- 

ethoxyam inocaproate.

6. The new e-iodocapro ic acid has been p rep ared  and 

ch a ra c te rized  by analysis .
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