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A  S tu d y  o f Som e N ew  A lk ylh yd roxylam in es

T h e  am ines h ave  never ceased  to  b e  a cen ter o f in terest  
since th e  tim e  of their d iscovery  b y  W urtz in  1848. A lthou gh  
su b stitu ted  hydroxylam ines are nearer akin  to  am ines th an  
to  an y  other class of organic com pounds, th e y  h a v e  shared  
o n ly  to  a  v e r y  m inor degree in  th e  a tten tio n  p a id  to  organic  
d er iva tives o f n itrogen . S till, in  m an y  w ays, th e  questions  
raised  b y  a  d ed u ctive  consideration  o f th eir  chem ical relations  
are som ew h at m ore varied  and  in terestin g  th an  th ose  presented  
b y  am ines th em selves. T h e  presen t stu d y , carried o u t under  
th e  d irection  o f  D r. L auder W . Jones, had , for its  m ain  object, 
th e  find ing of m eth ods w h ereb y th e  various a lk y l d er iva tives  
o f h yd roxy lam in e m ay  be prepared in  sufficient qu an tities  

- and  w ith  a  degree of read iness to  perm it of th e ir  fu ture in v esti­
ga tion  from  m an y other angles. P relim inary arrangem ents 
h a v e  a lread y  been  m ade to  s tu d y  th e  e lectrica l con d u ctiv ities  
o f w ater so lu tion s of the a lk y lh yd roxy lam in es described in  
th is  article.

H IST O R IC A L

T h e  first representative o f th e  a lky lh yd roxylam in es1 w as  
described in  1868 b y  L ossen ,2 th e  discoverer of h yd roxy l­
am ine itse lf . H e  found th a t  one of th e  products o f th e  reduc­
tio n  o f e th y l n itra te  b y  tin  and hydrochloric acid  w as a base  
h av in g  th e  form ula C4H11ON. I t s  properties show ed th a t  it  
w as related  t o  hydroxylam ine, and  he concluded th a t  it  w as  
e th oxyeth y lam in e , assum ing th a t  th e  fo llow in g  reactions took  
p la c e :

j O  / H
C2H 5O N f  +  6H  =  C 2H 5O N <  +  2H2O

\H
/P I  / H  " / C 2H 5

2C2H 5O N <  =  H O N <  +  H N <
X H  \H X OC2H 5

1 V orlander: J . p rak t. C h em ., N . I '.,  59 , 2 4 7 -8 . T h ro u g h o u t th is p aper th e  term s  
“ a lk y l” an d  “ a lp h y l”  are u sed  in terch a n g ea b ly .

2 L ossen: A n n . C h em . (L ieb ig), S u p p l. 6 , 238.

jT* O- S \
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Later, how ever, L ossen1 show ed  th a t th is  com p oun d  w as  
n o t eth oxyeth y lam in e, n eith er  is i t  id en tica l w ith  /S-diethyl- 
hyd roxylam ine. I ts  con stitu tion  is  doubtfu l.

N o  further stu d y  o f e ith er hydroxylam ine or its  d er iva tives  
w as m ade un til, in  1875, L ossen  endeavored to  ju s tify  th e

form ula o f hydroxylam ine w hich h ad  b een  criti­

cized , b y  show ing th a t tw o  o f  th e  hydrogen  atom s w ere eq u iva­
len t, w h ile  th e  third w as n ot. T o  do  th is, h e  rep laced  these  
hyd rogen  a tom s b y  d ifferent groups, principally  a cy l groups.

T h e  n ex t year, L ossen  and Z anni2 prepared th e  hydrochloride  
o f a -m eth y lh yd roxy lam in e b y  hydrolyzing th e  m eth y l ester  
o f ethylbenzhyd roxim ic acid , as show n b y  the eq u ation

/ O C oH 5
C 6H 5C <  -f- HoO +  H C 1 =

^ N O C H s
H 2N O C H 3H C l +  CeHsCOaCaHs

b u t th e y  did  n o t iso late  th e  a lkylhydroxylam ine itse lf. P e-  
traczek 3 obta in ed  th e  sam e substance b y  hyd ro lyzin g  m eth y l-  
benzaldoxim e w ith  concen trated  hydrochloric acid:
CeH sCH  : N .O C H s +  H 20  +  H C 1 =  C6H 5CH O  +  H 2N O C H 3H C l
Jon es4 a lso  obta in ed  th is substance b y  h yd ro lyzin g  th e  
cK-methyl ester of carbethoxyhydroxam ic acid  w ith  hydrochloric  
acid .

L ossen  and Zanni m ade a -eth y lhydroxylam in e b y  a  hydrol­
y sis  sim ilar to  th a t g iven  above. L ater W aldstein5 prepared  
i t  from  benzhydroxam ic e th y l ester b y  heatin g  th is  su b stan ce  
w ith  an  excess of hydrochloric acid  in a  sealed tu b e . Jon es6 
ob ta in ed  th e  hydrochloride b y  treating  th e  reaction  produ ct  
o f phosphorus pentachloride and  carbethoxyhydroxam ic e th y l  
ester  w ith  w ater, m aking th is  so lu tion  strongly  a lkaline w ith  
sod ium  hydroxide and  d istillin g  th e  hydroxylam ine in to  d ilu te  
hydrochloric acid . T h is  m eth od  g ives a lm ost th eoretica l

1 L ossen : A n n . C hem . (L ieb ig ), 252, 234.
5 L o ssen  an d  Z anni: Ib id . ,  182 , 225ff.
* P etraczek : B er. d . chem . G es., 16 , 827.
* Jon es: A m . C h em . J., 2 0 , 4 lf f .
* W a ld ste in : A n n . C hem . (L ieb ig ), 1 8 1 , 390
* Jon es: A m . C h em . J„ 20, 4 Iff.
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yield s, a.,/3-D im eth y lh yd roxy lam in e  an d  /3-d ieth y lh yd roxy l-  
am ine, 1 also a -m eth yl-/3-e th y lh y  droxylam ine an d  a-ethyl-jS- 
m eth ylh yd roxy lam in e,2 w ere ob ta in ed  b y  Jones b y  hyd rolyzin g  
th e  resp ective  esters of carb ethoxyh ydroxam ic acid . L ossen  
h ad  previou sly  obtained  th e  d ieth y lh yd roxy lam in e b y  a lk y la tin g  
a-eth y lh yd roxy lam in e w ith  e th y l brom ide.3

In  1888, B ew ad 4 th o u g h t th a t  h e  h ad  m ad e tr ieth y lam in e  
oxide (C2H 5)3NO, b y  th e  action  of n itroeth an e  u p on  zin c  
eth}d, b u t th is  com pound w as show n la ter5 to  be /3-eth yl-/3- 
sec.-b uty lhyd roxylam ine. T h is  syn th esis  furnishes an  easy  
w a y  of preparing m ixed /?, /3-d ia lkylhydroxylam ines, an d  w as  
ex ten sively  stu d ied  b y  B ew a d .6

In  1890, B ehrend and L euchs7 published  a resum e o f  th e  
work done on  th e  a lk y l d er iva tives o f h yd roxylam ine up to  
th a t tim e, and  presen ted  th e  resu lts of th eir  ow n  in vestiga tion s  
in th a t  field, coverin g  th e  b en zy l and e th y l d erivatives. N in e  
years later D u n stan  and G ou ld in g8 in  E n glan d , and M am lock  
and W olffenstein9 in  G erm any, b y  th e  ox id ation  o f d i- and  
trisu b stitu ted  am ines w ith  hydrogen  peroxide obtain ed  a  num ber  
o f /3-dialkylhydroxylam ines and  th e  so-called  oxam ines, or  
am ine oxides, com pounds isom eric w ith  th e  tria lk y lh yd roxy l-  
am ines.

Sum m ing up, w e see th a t  up  to  th e  p resen t tim e  th ere is  
on ly  a  single rep resen tative of th e  «-m on oalk y lh yd roxylam in es  
know n, for a lthough  L ossen and  Zanni ob ta in ed  th e  h yd ro ­
chloride of a.- m ethyIh ydroxylam ine, th e y  did n o t iso la te  th e  
base. T here is a  sim ilar p a u c ity  o f  d a ta  on  th e  a , /3-d ia lk y l - 
hydroxylam ines, on ly  tw o  com pounds conta in in g  like groups  
and tw o  com pounds conta in ing  un lik e groups bein g  know n.

In  th e  present paper are described tw o  n ew  o:-m onoalkyl- 
hydroxylam ines, six  new’ /3-dialkylhydroxylam ines, an d  th e
in term ediate  products in  their  preparation , m a n y  of w hich

1 Jones: A m . C hem . J ., 20, 4-lff.
2 Jon es: Ib id . ,  3 8 , 253 ff.
* L ossen: A nn . C hem . (L ieb ig). 262, 234.
* B ew ad: B er. d . ch em . G es., 21, R ef. 479.
s B ew ad: J . R u ss . P h y s . C hem . S oc ., 32, 455.
* B ew ad: J . p rak t. C hem ., N . F ..  63, 94ff. an d  I93ff.
7 B ehrend  and L euchs: A nn . C h em . (L ieb ig ), 257, 203£F.
* D u n sta n  an d  G ou ld ing: J . C h em . S o c ., 75, 799ff., 1004ff.
* M am lock  and W olffenstein : B er. d . ch em . G es.. 3 3 . 159.
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are new . Four o f th ese  d ia lk y lh yd roxy lam in es are isom eric  
w ith  each  other an d  w ith  th e  /?, /3-eth y lp ropylhyd roxylam in e  
described b y  B ew ad . I t  is in ten d ed  to  s tu d y  a l l  o f th ese  com ­
p ou n d s and  others, in clu d in g  th e  s ix th  isom er, /3-ethyl-/3- 
isop rop ylh ydroxylam ine, y e t  to  be m ade, from  th e  stan d p o in t  
of their  e lectrica l co n d u ctiv itie s  in  w ater so lu tion .

T h e  m eth od  su ggested  b y  Jon es1 o f in trodu cing  su ccessive ly  
in to  h yd roxyu rethan  tw o  different a lk y l groups and  su b se­
q u en tly  h yd ro lyz in g  th e  resu ltin g  p rod u ct w as fo llow ed  in  
the preparation of th e  a:,/3-d ia lkylhyd roxylam ines. A n  a lco ­
holic  so lu tion  of h yd roxyu reth an  m ixed  w ith  th e  theoretical 
am oun t o f a lkyl h a lid e  w as trea ted  w ith  th e  ca lcu la ted  am ou n t  
o f an  a lcoh olic  so lu tion  o f p o tassiu m  hydroxide. T h is  form ed  
a m ixture of th e  m ono- an d  d ia lk y l esters o f carb eth oxy­
hyd roxam ic acid. O ne m ig h t ex p ect th a t  som e o f  th e  oxygen  
ester  (C 2H sO .C (O R ) : N O R ) w ou ld  b e  form ed a t th e  sam e  
tim e, b u t  n on e w as observed . T h ese  tw o  su b stan ces w ere  
then  separated  b y  sh ak in g  th e  ether so lu tion  w ith  d ilu te  
alkali. B y  th is  trea tm en t, th e  m onoalk yl d er iv a tiv e  w as  
con verted  in to  its  sa lt, w h ich  d isso lved  in  th e  w ater, w h ile  
th e  d ia lk y l d eriva tive, h a v in g  n o  acid  properties, rem ained  
d isso lved  in  th e  eth er . T h e  a lkali sa lt  o f th e  m onoalk yl-  
oxyureth an  w as ea sily  decom p osed  b y  d ilu te  acids to  g iv e  th e  
free ester, w hich w as ex tracted  w ith  ether, and th en  ob ta in ed  
in  th e  free s ta te  b y  fraction a l d istilla tion .

W hen a m ixed  ex,/3-d ia lk y lh y  droxylam ine w as to  b e  m ade, 
a m ixture o f one m ole  o f m onoalk ylcarb eth oxyhyd roxam ic  
ester and  one m ole of a lk y l h a lide w as treated  w ith  th e  ca lcu ­
la ted  am ou n t o f sod ium  e th y la te  d isso lved  in  a lcohol. A fter  
th e  d ia lk y l ester  w as ex tracted  w ith  ether, it  w as shaken  w ith  
dilu te  alkali to  rem ove a n y  unch anged  m on oalk y l ester, then  
dried and  fractionated .

T h e  h yd ro lysis o f  th ese  esters w as accom plished  u n iform ly  
b y  h ea tin g  th e  ester  w ith  a  considerable excess of p otassiu m  
hydroxide so lu tion  in  a  sea led  tu b e  for fifteen  to  s ix ty  hours  
at tem peratures vary in g  from  io o °  to  200 °. T o  separate th e  
h yd roxylam ine, th e  m ixture from  th e  h yd ro lysis w as d istilled

1 Jon es: A m . C hem . J ., 3 8 , 253ff.
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and the free base collected in dilute hydrochloric acid. T he  
hydrochloride formed was recrystallized, decomposed with  
potassium hydroxide and the vapors of the free alkylhydroxyl- 
amine condensed.

T he above method m ay be summarized in the following 
equations:

OC2H5 OC2H6

O : C +  KOH +  R X  =  O rC +  K X  +  H 20

OC2H5

O : C +  2KOH 2R X  =

OC2H5

O : C +  2K X  +  2H 20

OC2H s

+  R 'X  +  NaOQjHs =O : C

O :
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C oncentrated  hydrochloric acid  w as tried  as th e  h yd rolyzin g  
agen t, b u t  g a v e  poor y ie ld s of a  v ery  im pure sa lt. T h e  a-  
m on oa lk y l esters w ere ea sily  hydrolyzed  b y  th e  potassium  
h yd roxid e so lu tion , b u t th e  d ia lk y l esters w ith  tw o  lik e  groups 
w ere decom posed  m uch  m ore slow ly . Furtherm ore, th e  ease  
w ith  w hich  th e  ct-m onoalkyl esters w ere hyd rolyzed  seem ed  
to  increase w ith  increasing m olecular w eight. T h is is  probably  
p a rtly  responsib le for th e  low  y ie ld s obtained  in  m akin g  th e  
a-m on oa lk y l esters o f carbethoxyhydroxam ic acid.

E X P E R IM E N T A L  P A R T  

A ctio n  o f E th yl Iod ide  on the P o tassiu m  S a lt of Carbethoxy­
hydroxam ic A c id

T h e  carbethoxjdiydroxam ic acid, w h ich  served  as th e  start­
in g  p o in t in  th e  preparation of th e  fo llow ing com pounds, 
w a s prepared according to  J o n es’s m odification  of H an tzsch ’s  
m eth o d .1 T h is w as th e n  con verted  in to  th e  e th y l ester  b y  
trea tm en t w ith  e th y l iod ide and potassiu m  hyd rox id e,2 and  
th e  m ono- and d i-esters separated  as described ab ove. T h e  
m on oeth y l ester w as u sed  in  th e  preparation  of m ixed  dialkyl- 
carbethoxyhydroxam ic esters. T h e  eth er so lu tion  o f th e  d i­
e th y l ester  w as dried w ith  anhydrous sod ium  su lp h ate  and th e  
eth er w as rem oved b y  d istilla tion , under d im in ished  pressure. 
T h e  oil w hich  w as le ft  w as im pure, as w as th a t  ob ta in ed  b y  
Jones. I t  was, therefore, fractionated , and  tw o  ap p rox im ately  
equal fractions, one b o ilin g  a t  107 ° to  1 120 (70 m m . pressure) 
an d  th e  other boiling a t  1290 to  1 330 (70 m m . pressure) w ere  
ob ta in ed . I t  w as a t first th o u g h t th a t  these tw o  fractions  
m ig h t b e  tw o  tau tom eric  form s, v i z . :

o c 2h 5 OC2H 5
X  /

O : C  and C : N O C 2H 5.
\  /C 2h 6 \

o c 2h 5
x o c 2h 5

T h is  could , of course, be determ ined easily , for th e  first should  
g iv e  a-diethylhydrox3dam ine on  h yd ro lysis w ith  p otassiu m

1 J o se s :  A m . C hem . J ., 3 0 , 4 Iff.
2 Ib id .
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h yd roxid e, w h ile  th e  secon d  sh ou ld  g iv e  a -m on oeth y lh yd roxy l-  
am ine. H ow ever, th e  natu re o f th e  im p u rity  w a s determ ined  
w ith o u t th is  step . A n a n a ly s is  o f  th e  h igher b o ilin g  fraction  
gave  th e  fo llow ing resu lts:

°-3987  gram  gave  39.2 cc. N 2 a t  2 1 0 and 747.S m m . (uncorr.).
C alc, for ee-diethyl- C a lc , for o -m o n o -  

oxyu reth an  e th y lo x y  lire than
CrHi&OaN C5HuOilSr F o u n d

N  8 .6 9  1 0 .5 2  1 0 .9 5

T h e  boiling  p o in t of th is fraction  w as fou n d  to  be 1940 to  196°  
under 750 m m . pressure. T h e  b o ilin g  p o in t o f a -m on oeth y l-  
carbethoxyhydroxam ic ester  is  195 0 to  196 ° .1

T h e  fo llow in g  resu lts w ere ob ta in ed  from  an an a ly sis  of th e  
other fraction:

0 .2258  gram  gave  0 .4299 gram  CO2 an d  0 .1873 gram  H 20 .
C alc, for C/MuOjisr F ou n d

C  5 2 .1 1  5 2 .0 0
H  9 .3 9  - 9 .2 9

F rom  th is  i t  is seen  th a t  th e  im p u rity  w hich con tam in ated  
th e  neutral portion  ob ta in ed  from  th e  action  o f e th y l iodide  
upon th e  p otassiu m  sa lt o f carb ethoxyh ydroxam ic acid  w as  
«-eth yIcarb eth oxyhyd roxam ic ester .

A ction  of E th y l Iod ide  on a-E thylcarbethoxyhydroxam ic E ster

A n  alcoholic  so lu tion  con ta in in g  th e  th eoretica l am oun t  
of sod ium  e th y la te  w as grad u a lly  added to  a  m ixture of 14 
gram s of a -eth y lcarb eth oxyh yd roxam ic  ester an d  16.4 gram s 
of e th y l iodide. T h e  m ixtu re  grew  w arm  and sod iu m  iodide  
soon  began to  crysta llize. A fte r  stan d in g  a t  room  tem pera­
ture for tw o  days, th e  m ixtu re  w a s  h ea ted  on  th e  w a ter  b ath  
a t 8 0 0 for tw o  hours. M o st  o f th e  a lcohol w as th en  rem oved  
b y  d istilla tion  and  th e  resid ue filtered  from  th e  d en se  p re­
c ip ita te  of sod ium  iodide. T h e  so lu tion  w as th en  d ilu ted  w ith  
w ater, and extracted  rep ea ted ly  w ith  ether. T h e e th er  so lu tion  
w as shaken  several tim es w ith  d ilu te  a lkali to  rem ove u n ch anged  
a-eth y lcarb eth oxyh yd roxam ic ester , dried  w ith  anh ydrous  
sod ium  su lph ate and fraction a ted . T w elv e  an d  one-half

1 Jon es: A m . C h em . J ., 20, 41ff.
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gram s of th e  d ie th y l ester, b o ilin g  a t  7 2 ° -7 4 °  un der 12 m m . 
pressure, w ere ob ta in ed . T h e  y ie ld  w as 76 per cen t, o f th e  
th eoretica l. T h e  oil prepared in  th is  w a y  w as id en tica l in  
e v er y  resp ect w ith  th a t  ob ta in ed  as th e  b y-p rod u ct in  e th y la tin g  
h yd roxyu reth an  w ith  e th y l iod ide an d  p otassiu m  hydroxide.

colorless o il, w ith  a  d isagreeable odor su ggestin g  an iso ­
cyan ide. I t  is  v e r y  s lig h tly  so lu b le  in  w ater, and  is so lu b le  
in  a ll proportions in  a lcohol and  eth er . I t  g iv es  n o  color te s t  
w ith  ferric chloride, and  does n o t  reduce am m oniacal silver  
n itra te  or F eh lin g ’s so lu tion .

D ecom position  o f a-D ieihylcarbethoxyhydroxam ic E ster w ith
P o tassiu m  H ydrox ide

A  m ixture o f 12.5 gram s o f th e  d ie th y l ester  and  20 gram s  
o f p otassiu m  h yd roxid e d isso lved  in  w ater w as h ea ted  togeth er  
in  a  sealed  tu b e  a t  1 0 0 0 for 30  hours. T h e  co n ten ts  of th e  
tu b e  were th en  d istilled , and th e  d is tilla te  passed  in to  a d ilu te  
so lu tion  of hydroch loric acid . S in ce  th e  d is tilla te  d id  n o t  
all d isso lve in  th e  hydrochloric  acid , th e  so lu tion  w as extracted  
w ith  ether. F iv e  gram s of th e  un decom p osed  ester  w ere re­
covered  from  th e  eth er b y  fraction ation . T h e  acidified d is­
t illa te  w as con cen tra ted  on  th e  w ater  b a th  and  th e  la s t  portions  
of w ater  and  hydroch loric  acid  w ere rem oved  b y  p lacin g  th e  
th ick  liquid in  a vacu u m  desiccator conta in in g  con cen trated  
su lphuric acid  and  p ieces o f so lid  p otassiu m  h yd roxid e. A fter  
som e tim e th e  liq u id  h ad  solid ified  to  a  m ass of w h ite  crysta ls, 
id en tica l w ith  th o se  obtained  b y  J o n e s .1 T h e  free base can  
be ob ta in ed  b y  h ea tin g  a  m ixture o f th e  dry sa lt  and  potassiu m  
hydroxide. I t  w as first prepared b y  L ossen2 from  th e  oxalate, 
and w as fu lly  described  b y  him .

3 Jon es: A m . C hem . J .,  2 0 , 4 1 0 .
2 L ossen: A nn . C h em . (L ieb ig ), 2 52 , 234.

OC2H5

a-D iethylcarbethoxyhydroxam ic ester , O : C , is  a
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I . a -E th yl- fi-propylhydroxylam ine

(a) A c tio n  o f N orm al P ro p y l Iod ide  on a-E thylcarbethoxy- 
hydroxam ic E ster .— T h e  action  o f a  m ixture o f norm al propyl 
iod ide and sod ium  eth y la te  upon a -eth y lcarb eth oxyh yd roxam ic  
ester  proceeds v e ry  slow ly  in  th e  cold , b u t q u ite  ra p id ly  a t  
higher tem peratures. T h u s, a  so lu tion  of 35.5  gram s of 
a-eth y lcarb eth oxyh yd roxam ic ester, 45.5  gram s o f  norm al 
propyl iod ide and  th e  th eoretica l am ou n t o f sod ium  e th y la te  
in  abso lute  alcohol gave  a  sligh t precip ita te  o f  sodium  iodide  
after  stan d ing  a t  room  tem perature for four d ays. T h e  pre­
c ip ita te  w as filtered from  th e  so lu tion , and th is  w as th en  h ea ted  
on th e  w ater  bath  a t  8 0 0 for h a lf an  hour. A  dense precip ita te  
form ed, w h ich  w as rem oved . A fter  th e  so lu tio n  had  b een  d i­
lu ted  w ith  w ater, i t  w as extracted  a  num ber o f  tim es w ith  ether. 
T h e litt le  free  iod ine w hich  w as presen t w as rem oved  w ith  sod ­
iu m  th iosu lph ate, th e  eth er so lu tion  w as dried and 33 gram s 
of th e  a -eth y l-/3-propylcarbethoxyhydroxam ic ester  w ere o b ­
ta in ed  b y  fractionation . T h e  y ie ld  w as 71 per cen t, of th e  
theoretical.

0 .4076 gram  g a v e  29 cc. N2 a t  180 and  750 m m . (uneorr.).
C alc, for C sH itOjN  F o u n d

N  8 .0 0  8 .1 1
a-E thyl-jS-propylcarbethoxyhydroxam ic ester,

OC2H5
/

0 : 0  is a colorless oil boiling  a t  1890 under 740
\  / C 3H t

n <;
x o c 2h 5

m m . pressure. I t  has an odor sim ilar to  n ico tin e, and  is so l­
uble in  w ater, a lcohol and  ether. I t  g ives no  reaction  w ith  ferric 
chloride, am m oniacal s ilver  n itrate  or F eh lin g ’s so lu tion .

(b) P repara tion  o f a -E th yl- (3-propylhydroxylam in e, 
y C sH r

H N (  .— T h e  h yd ro lysis o f th e  corresponding ester  of
x OC2H 5

carbethoxyh ydroxam ic acid  w as accom plish ed  m ost ea sily  as 
follow s: F ifteen  gram s o f  th e  ester, m ixed  w ith  an  aqueous
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so lu tion  conta in ing 30  gram s o f  potassium  hydroxide, were  
h ea ted  in  a  sealed  tu b e a t  ab ou t 120° for tw en ty -fou r  hours. 
T h e  produ ct from  th e  hydrolysis w as th en  trea ted  in  th e  sam e  
w a y  as described under a-d iethylcarbethoxjd iyd roxam ic ester  
(see page 10).

a -K thyl-/3-propylhydroxylam ine hydrochloride crysta llizes  
in  large p la tes m eltin g  a t  72 °.5—73 T h is  sa lt  is  e a s ily  soluble  
in  a lcohol, benzene, chloroform  and  to luene. I t  is n o t soluble  
in  eth er  and v ery  sligh tly  soluble in  carbon b isu lph id e. A n  
alcoh olic  so lu tion  of p la tin ic  chloride w ith  an a lcoh olic  so lu ­
tio n  o f th e  hydrochloride g a v e  a  so lu tion  of th e  ch lorop latinate . 
B y  th e  add ition  of dry eth er to  th e  so lu tion  th e  sa lt  w as pre­
c ip ita ted  as brilliant, deep y e llo w  crysta ls, w hich  m elted  a t  
150 °.2.

0 .2490  gram  gave 0 .0794  gram  p latinu m .
C a lc , for CioHisOsNsPtCU F ou n d

P t  32 -*9 3 1 -8 8

T o  prepare a-ethyl-/3-propylhydroxylam ine, th e  hydrochloride  
w a s d istilled  w ith  an excess of concen trated  sod ium  hydroxide  
so lu tion , and th e  vapors passed  over p ieces o f so lid  sodium  
h yd roxid e h ea ted  to  9 5 0 before th e y  w ere condensed . I t  is 
a  clear, colorless liquid boiling  a t  8 3 ° .8 -8 4 °  and  has a  sharp  
am m oniacal odor and a  sw eet, b itin g  ta ste . I t  reduces am - 
m oniacal silver n itrate  so lu tion  slow ly  in  th e  cold , and  very  
rap id ly  w hen w arm ed. I t  does n o t  reduce F eh lin g ’s  so lu tion  
in  th e  cold , b u t does so  slow ly  on  bein g  h eated . I t  g iv es  n o  
color reaction  w ith  ferric chloride. I t  is  s lig h tly  so lu b le  in  
w ater, and  is  soluble in  all proportions in  alcohol. I t s  specific  
g ra v ity  is 0-8033 (25 ° / 25 °). I ts  index o f refraction  a t  2 5 0 
is  1.39426.

I I .  cc-Ethyl-(3-isopropylhydroxylam ine

(a) A ction  of Iso p ro p y l Iod ide  an d  S od iu m  E th yla te  on  a -  
Ethylcarbethoxyhydroxam ic E ster

Isopropyl iod ide reacts w ith  a -eth y lcarb eth oxyh yd roxam ic  
ester  in  th e  presence o f sodium  eth y la te  ju s t  as its  isom er does. 
T h u s, 28  gram s o f th e  a -e th y l ester  of carbethoxyh ydroxam ic  
acid  and  36  gram s o f isopropyl iodide, w hen  treated  w ith  th e
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ca lcu la ted  am ou n t o f sod ium  e th y la te  d isso lved  in  alcohol, 
g a v e  a  fine, w h ite  p recip ita te  of sod ium  iodide a fter  stan d in g  
for several d ays a t  room  tem perature. T h is  p recip ita tion  
w a s h asten ed  b y  w arm ing th e  so lu tion  on th e  w ater  b a th . 
T h e  alcoholic  so lu tion  w as filtered, d ilu ted  w ith  w ater  and  
extracted  w ith  ether. T h e  eth er  so lu tion  w as th e n  shaken  
w ith  d ilu te  p o tassiu m  hydroxide solu tion , dried an d  fraction ated . 
T w en ty-fou r  gram s of a-ethyl-jS-isopropylhydroxam ic ester  
w ere obtained . T h e  y ie ld  w as 66 per cen t, of th a t  required b y  
th eory .

0.301:5 gram  g a v e  23 cc. N2 a t  2 4 0 and  739 m m . pressure  
(uncorr.).

C alc, for  CtHnOiKT F o u n d

N  8 .0 0  8 .2 7

a -E th y l-/3-isopropylcarb eth oxyhyd roxam ic ester,
OC2H 5

/
O :C  , is  a  clear, colorless oil b o ilin g  a t  182°

\  /C 3H 7  (iso)N<
x O C2H 5

un der 748 m m . pressure (8 4 ° -8 7 °  under 14—15 m m .). I t  
h a s a strong  odor resem bling parsnips. I ts  aq u eou s so lu tion  
does n o t reduce am m oniacal silver  n itra te , and  g iv es  n o  colora­
tio n  w ith  ferric chloride.

(b) P repara tion  o f  a -E thyl-l3-isopropylh ydroxylam in et
/ C 3H 7(iso)

H N (
x O C 2H 5

A  m ixture of 15 gram s of a-ethyl-/S -isopropylcarbethoxy- 
hydroxam ic ester  and  25 gram s o f p o tassiu m  h yd rox id e  d is­
so lved  in  w ater  w ere h ea ted  in  a  sea led  tu b e  a t  120 °—1600 
for 36  hours. T h e  aqueous so lu tion  o f th e  free  b ase , th u s  
form ed, w as d istilled , and  th e  d istilla te  passed  in to  d ilu te  
hydrochloric acid . A ll of th e  ester  h ad  b een  hyd rolyzed . 
A n other tu b e, charged in  th e  sam e w a y  and  h ea ted  to  n o °  
for forty  hours, g a v e  five  gram s o f un h yd ro lyzed  ester  on ex ­
traction  o f th e  acid ified  d is tilla te  w ith  ether. T h e  so lu tion  
of th e  hydrochloride w as con cen trated  b y  evap oration  on th e

r
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w ater bath, and then  placed in  a  vacuum  desiccator con­
taining concentrated  sulphuric acid and potassium  hydroxide. 
T h e sa lt had n ot crystallized from th e liquid after one m onth, 
so  the liquid w as placed in a vacuum  desiccator over p h os­
phorus pentoxide and kept a t room  tem perature for one w eek, 
then  a t  o °  for a week. B y  th is treatm en t a  syrupy liquid, 
interm ixed w ith  a few  tin y  crystals (probably am m onium  
chloride), w as obtained. A  m ixture o f 3 gram s of th is  syrupy  
hydrochloride w ith  6 gram s of pow dered potassium  hydroxide  
w as dry d istilled  and gave 1.90 gram s o f th e  free base.

«-K thyl-/3-isopropylhydroxylam ine is a  clear, colorless liquid  
boiling a t 78°. I t  has an odor very  m uch like th a t of e th y l-  
am ine. I ts  specific gravity  (25 ° / 25 °) is 0.8132. T h e b ase  
is soluble in a large am ount of w ater and th is solution does n o t  
reduce am m oniacal silver n itrate in  the cold, b u t does so rapidly  
w hen warm ed. I t  does n ot reduce F eh lin g’s solution w hen  
h o t or cold.

A n alcoholic solution of platin ic chloride precip itated  the  
chloroplatinate from  a h o t alcoholic so lution  of th e  hydrochlor­
ide as sm all lem on-yellow  crystals. T h ese decom posed w ithout 
m elting w hen heated.

0.2060 gram  gave 0.0660 gram  P t.
Calc, for CioHssOJNTsPtCle Pound

T t  3 2 . 1 9  3 2 . 0 4

II I . ct-Propylhydroxylamine, H2NOC3H7 
(a) Action of Normal Propyl Iodide on the Potassium  Salt 

of Hydroxyurethan.— W hen an alcoholic solution contain ing  
33.6 g ra m s; o f potassium  hydroxide w as slow ly  added, w ith  
constant shaking, to  a  m ixture of 64 gram s of norm al propyl 
brom ide, 13.6 gram s of normal propyl iodide and 63 gram s of 
hydroxyurethan, the m ixture becam e turbid  and the tem pera­
ture rose slightly. T h e flask was, therefore, cooled to  pre­
ven t, as far as possible, the hydrolysis of the m ono ester b y  
the potassium  hydroxide. A fter stand ing for a  week a t room  
tem perature, th e  m ixture w as heated for one-half hour a t 80 °. 
T h e sa lt w hich  had precipitated w as rem oved b y  filtration, 
m ost o f the alcohol was distilled off, th e  rem aining solution
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w a s d ilu ted  w ith  w ater and  ex tracted  rep eated ly  w ith  ether. 
T h e  eth er so lu tion  w as th en  sh aken  w ith  th e  ca lcu la ted  am ou n t  
o f  a  d ilu te  so lu tion  o f p o tassiu m  hydroxide. T h e  eth er solu­
tio n  w h ich  w as le f t  con ta in ed  th e  d ipropylcarbethoxyhydrox- 
am ic  ester  (see b e low ), and  th e  w ater so lu tion  con ta in ed  th e  
m onop ropylcarbethoxyhydroxam ic ester in  th e  form  o f th e  
p otassiu m  salt. T o  ob ta in  th e  free ester, th e  a lkaline so lu tion  
w a s acidified w ith  10 per c en t su lphuric acid , and  extracted  
w ith  ether. T h e  e th er  so lu tion  w a s colored b y  a  litt le  free  
iod ine, w hich w as rem oved  w ith  sod ium  th iosu lp h ate  so lu tion . 
T h e  ether so lu tion  w as dried and  th e n  fractionated  under d im in­
ish ed  pressure, s in ce  th e  ester  decom poses som ew h at w h en  d is­
tilled  under atm ospheric pressure. T h e  y ie ld  w as 32 gram s, 
o n ly  36.3 per cen t, of th e  th eoretica l y ield .

0 .3119 gram  g a v e  28.3 cc. N 2 a t  23°-5 and  733.8 m m .
C alc, for CsHwOjN F ou n d

N  9 .5 5  9 8 4

OC2H 5
/

ai-P ropylcarbethoxyhydroxain ic ester, O : C  , is
\  / HN<

N O C3H 7
a  colorless oil b o ilin g  a t  1090—i i i °  under 15 m m . pressure. 
A t  atm ospheric pressure i t  b o ils betw een  2 0 0 0 and  2 1 0 0 w ith  
s lig h t decom position . I t  is n o t  app reciab ly  so luble in  w ater, 
b u t is  soluble in  all proportions in  alcohol and in  ether. I t  
h a s a fa in t, p leasan t odor.

T h e  eth er so lu tion  of th e  d ip ropylcarbethoxyhydroxam ic  
ester  (see ab ove) w as dried w ith  anhydrous sod ium  su lph ate  
and  fractionated . N in e  and  on e-h a lf gram s (8.5 per cen t, 
o f th e  theoretica l) o f d ip rop ylcarb eth oxyhyd roxam ic ester  
w ere obtained . I t  is a  clear, colorless oil, insolub le in  w ater, 
b o ilin g  a t  107 °-5—108 0 under 20  m m . pressure. I t  has an odor 
resem bling roasted  ch estn u ts.

0.3192 gram  g a v e  23 cc. N 2 a t  2 2 0 and 740 m m . pressure.
C alc, for C .H u O sN  F ou n d

N  7 -4 0  7 .8 0
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(b) P repara tion  o f cc-Propylhydroxylam ine, HINT
OC3H7

T e n  gram s o f a:-propylcarbethoxyhydroxam ic e ster  and  20  
gram s o f  potassium  hydroxide d issolved  in  w ater form ed a  
hom ogeneous m ixture. T h is  m ixture w as h ea ted  -in a  sealed  
tu b e  a t  1000 for 12 hours. T h e  resu lting  p rod u cts from  th e  
hyd rolysis were d istilled  and  the d istilla te  co llec ted  in  d ilu te  
hydrochloric acid. T h is  w as concentrated  b y  evap oration  
on th e  w ater  bath , and  th en  placed in  a  vacu u m  d esiccator  
conta in ing  concen trated  sulphuric acid  an d  so lid  p otassiu m  
hydroxide. ct-Propylhydroxylam ine hydrochloride crysta llized  
from  th e  so lu tion  in  large, th in , transparent w h ite  p lates, 
w h ich  m elted  a t 1400—141°. T h e  sa lt is v e ry  so lu b le  in  w ater  
and  in  alcohol, b u t insoluble in  ether. I t  is  n o t deliq uescen t. 
A n  alcoholic  so lu tion  of p latin ic chloride p recip ita ted  th e  
ch lorop latinate as lig h t ye llow  crysta ls from  an  alcoholic  
so lu tion  o f th e  hydrochloride.

o. 1103 gram  gave  0 .0408  gram  P t.

W hen a  m ixture o f  2.67 gram s of « -p rop ylh ydroxylam ine  
hydrochloride and  6 gram s o f finely  pow dered p o tassiu m  h y ­
droxide w as subjected  to  dry  d istillation , 1.35 gram s of a  clear, 
colorless liquid, h av in g  a  sw eetish , am m oniacal odor, w ere  
obtained . T h e  y ie ld  w as 75 per cen t, o f th e  theoretica l. 
CK-Propylhydroxylamine b o ils a t  86 °.6—87 °. I ts  specific g ra v ity  
(2 5 ° / 25 °) is 0.8687. I ts  aqueous so lu tion  rap id ly  reduces  
am m oniacal silver n itrate  and F eh ling’s so lu tion  in  the cold .

(a) A ction  o f E iliy l Iod ide  on a-P ropylcarbethoxyhydroxam ic  
E ster .— F iv e  gram s of sod ium  dissolved  in  alcohol w ere slow ly  
ad d ed  to  an  alcoholic so lu tion  conta in ing  32 gram s o f  ot- 
propylcarbethoxyhydroxam ic ester and  35 gram s of e th y l  
iodide. T h e  m ixture w as allow ed to  stan d  a t  room  tem pera­
ture for a  w eek, and w as then  h eated  to  7 0 0 for four hours

C alc, for (CsHioOJ'psPtCls F ou n d

P t 3 5 -4 8 3 6 .8 9

I V .  a-Propyl-^-ethylhydroxylam ine, H N
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t o  com p lete  th e  reaction . M o st  o f th e  alcohol w as th en  d is­
tilled  off, th e  so lu tion  w as d ilu ted  w ith  w ater an d  extracted  
w ith  ether. T h e  eth er ex tra ct w as shaken w ith  d ilu te  p o ta s­
sium  hydroxide so lu tion  to  rem ove free iodine and  any un­
changed  m onopropyl ester present, then  dried w ith  sod ium  
su lph ate. A fter  a  few  hours, th e  so lu tion  becam e dark brow n, 
d u e  to  free iodine. R ep ea ted  shaking w ith  sod ium  th iosu lp h ate  
so lu tion  w as necessary  to  rem ove all o f the color. T h e  so lu ­
tio n  w as again  dried and  fraction ated  under 750  m m . pres­
sure. T h ir ty  gram s of a-propyl-/3-eth y lcarb eth oxyh yd roxam ic  
ester w ere obta in ed . T h e  y ie ld  w as 79 per cent, of th e  th e o ­
retical.

0 .3 5 12 gram  g a v e  27 cc. N2 a t  2 7 0 and  750.4  m m . pressure.

under 750 m m . pressure w ith o u t decom position  (92 “.5 under  
20  m m .). I t  has an odor sim ilar to  «,/3-d ieth y lcarb eth oxy-  
hyd roxam ic ester. I t  is n o t  soluble in w ater, b u t is v ery  
solu b le  in  alcohol and  in ether.

(b) P rep a ra tio n  of ct-P ropyl-fi-ethylhydroxylam ine,

carbethoxyh ydroxam ic ester  an d  20 gram s of p o tassiu m  h y ­
droxide d isso lved  in w ater w as h ea ted  in  a  sea led  tu b e  a t  
1 3 0 0 for 24 hours. T h e  co n ten ts  o f th e  tu b e w ere th en  treated  
in  th e  custom ary m anner, and  th e  hydrochloric ac id  so lu tion  
ex tracted  w ith  ether. O ne-half gram  of un hyd rolyzed  ester  
w as recovered from  th e  eth er  extract. T h e  acid  so lu tion  w as  
con cen trated  on  th e  w ater  b a th . D uring th is  operation  con ­
siderable a-propyl-/3-eth y lh yd roxy lam in e  hydrochloride w as  
lo s t  b y  vo la tiliza tion . O nly 1.7 gram s of ar-propyl-/3-eth y l-

C alc. for  C sH itO.-jN'

8 .0 0
F oun d

N 8 -3 3

o;-Propyl-/3-eth y lcarb eth oxyh yd roxam ic ester, 
OC2H 5

/
O : C , is a  colorless liquid  w hich b o ils a t 1910

.— A  m ixture of 10 gram s o f a-propyl-/?-ethyl-
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h yd roxy lam in e  hydrochloride w a s ob ta in ed . T h is  w as p u ri­
fied  b y  p recip ita tion  w ith  ether from  an  a lcoh o lic  so lu tion . 
I t  form s large, lu stro u s crysta ls, resem bling b en zo ic  acid  in  
appearance, w h ich  m e lt w ith o u t d ecom p osition  a t  9 6 ° .2 . 
I t  is  m od era te ly  so lu b le  in cold chloroform  an d  read ily  so lu b le  
in  b o ilin g  chloroform , from  w hich i t  crysta llizes on cooling . 
I t  is  v e r y  deliq u escen t. I ts  aqueous so lu tion  d oes n o t  red u ce  
am m oniacal silver n itra te  or F eh lin g ’s so lu tion , e ith er  co ld  
or h o t. A n  a lcoh olic  so lu tion  o f p la tin ic  chloride precip i­
ta ted  th e  ch lorop latin ate  from  an  a lcoh olic  so lu tio n  o f th e  
hyd roch lorid e as sm all, lig h t ye llow  crysta ls, w h ich  d ecom p osed  
w h en  m elted .

W h en  1.14 gram s o f th e  hydrochloride w ere m ixed  w ith  4  gram s  
o f fin e ly  pow dered  p otassiu m  hydroxide an d  d istilled , 0.31 gram  
of a  clear, colorless liquid , h av in g  an  odor sim ilar to  its  isom er, 
w a s ob ta in ed . a-P ropyl-jff-ethylhydroxylam ine is  m od erate ly  
so lu b le  in  w ater, an d  th is  so lu tion  red uces am m on iaca l silver  
n itra te  s low ly  in  th e  co ld  and rap id ly  on w arm ing. I t  does  
n o t reduce F eh lin g ’s so lu tion  e ith er  h o t or co ld . T h e  free  
b ase is v ery  vo la tile .

V . o t-D ipropylhydroxylam ine

(a) H y d ro ly s is  o f a , ̂ -D ipropylcarbethoxyhydroxam ic E ster .—  
F ifteen  gram s o f d ip rop ylcarb eth oxyhyd roxam ic ester  and 20  
gram s of p o tassiu m  hydroxide w ere h ea ted  togeth er  in a  
sea led  tu b e  a t 1 3 0 0 for 40  hours. T h e  c o n ten ts  o f th e  tu b e  
w ere th en  trea ted  in  th e  usual w ay, and th e  hydroch loride of  
a:-dipropylhydroxylam ine obtained  as w h ite  crysta ls, m ixed  
w ith  a l it t le  am m onium  chloride. T h e  sa lt  w a s ea sily  puri­
fied b y  d isso lv in g  th e  im pure produ ct in  ab so lu te  a lcoh ol, 
filterin g  from  th e  am m onium  chloride, and th en  ad d ing  ab so lu te  
eth er . T h is  p recip ita ted  th e  sa lt as sm all, lu strou s crysta ls, 
w h ich  m elted  a t  146°.6 . T h ese crysta ls w ere ex trem ely  soluble  
in  w ater  b u t w ere n o t a t  all deliq uescen t. W h en  an  a lcoholic  
so lu tio n  of p la tin ic  chloride w as added to  an a lcoh o lic  so lu tion  
o f th e  hyd roch lorid e, deep  yellow  crysta ls  o f th e  ch lorop latin ate  
w ere p recip ita ted .

0 .1634  gram  g a v e  0 .0498  gram  P t.
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Calc, for C ijam ^V jP jtC n  ’ .  - » Voufld

P t 30*: 29* *.. V : V A **' ** ' 3 °.‘ 47
* ** * y * *•*

B y  d istilla tion  o f 3 gram s *©f\tire *hydjrooji^k'fcje„ w ith  finely  • • *• * - * *, #  ̂ ^ » 
pow dered p otassiu m  hydroxide, 5,-70. \g fsp h s o f a:,/3-propyl-
h yd roxylam ine were obtained . The* y ie ld  is  77 per cen t, o f  
th e  theoretical. I t  is a  clear, colorless liq u id  boiling  a t  85 ° -  
8 6 °. I ts  specific g ra v ity  (2 5 ° / 25 °) is 0 .8141 . I t  is som e­
w h a t so luble in  w ater, and th is  so lu tion  in sta n tly  reduces am ­
m oniacal silver n itra te  so lu tion  in  th e  cold, b u t  has no effect 
u p on  F eh lin g ’s so lu tion  even  w hen  boiled  w ith  it.

V I. a -Isopropylh ydroxylam in e

(a) A ction  of Iso p ro p y l H a lides on the P o tassiu m  S a lt of 
Carbethoxyhydroxam ic A c id .— Isopropyl halides react w ith  
difficu lty  w ith  th e  sodium  and  p otassium  sa lts of carbethoxy­
hydroxam ic acid . W hen th e  usual m eth od  for carrying ou t  
th e  reaction betw een  isopropyl halides and carbethoxyhydrox­
am ic acid in  th e  presence of p otassium  hyd roxid e w as tried, 
i t  w as found  im possib le to  increase th e  y ie ld  o f th e  m onoiso- 
propylcarbethoxyhydroxam ic ester  m uch ab ove  20 per cen t. 
U su ally  th e  y ie ld  w as low er th an  th is. T h e  follow ing data  
represent an  average experim ent: T h irty -on e  gram s o f iso ­
propyl brom ide and 40  gram s of isopropyl iod ide were added  
to  51 gram s o f carbethoxyhydroxam ic acid  d isso lved  in 25 cc. 
of absolute alcohol. T h e  m ixture w as cooled  and then  an al­
coholic so lu tion  o f p otassium  hydroxide, conta in ing  a  litt le  
less th an  th e  th eoretica l am oun t, w as slow ly  added, w ith  con stan t  
shaking of th e  m ixture. T h e  m ixture w as k ep t cool for a  day, 
th en  allow ed to  stan d  a t room  tem perature for three days, and  
finally  h ea ted  to  9 0 0 for fifteen  m in u tes to  com p lete  th e  re­
action . T h e  a lcoholic  so lu tion  w as th en  trea ted  in  th e  usual 
m anner, and  13 gram s of a-isopropylcarbethoxyhydroxam ic  
ester were obtained . T h e y ie ld  w as 18.3 per cent, of th e  
theoretical.

T h e  n ex t m eth od  w hich  w as tried  w as to  iso la te  the sodium  
sa lt of hydroxyu rethan  and su spend  i t  in  alcohol- T h e  theo­
retical q u a n tity  o f isopropyl halide w as added, a n d  the m ixture  
w as then  boiled  under a  reflux condenser for a d ay . T h e  re-
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action nuxtu^/w ^s.then wdfV§tl iflo, but a smaller yield of the  
ester was fcbtaine’d Aflai> before.•*- • *r + *' » « *

The folloy^hg-* method * gav£ Jthe best resu lts: A  mixture 
of 25 grams of hydrb^uchthan,’ 29.3 grams of isopropyl bromide 
and about 15 grams'" of-. ̂ lcohol was boiled under a reflux 
condenser. An alcoholic solution of 13.3 grams of potassium  
hydroxide was added very slowly to the boiling solution. 
A heavy precipitate separated out. The resulting solution 
was then treated in the usual manner. Six grams of unchanged 
isopropyl bromide were recovered. Ten grams of a-mono- 
isopropylcarbethoxyhydroxamic ester were obtained, repre­
senting a yield of 36 per cent.

tt-Isopropylcarbethoxyhydroxamic ester,
OC0H5

/
O • C , is a colorless oil boiling at 102 103 0

\  / H
N < (

OC3H7 (iso)
under 12 mm. pressure. I t  is slightly soluble in water, and  
does not reduce ammoniacal silver nitrate solution. I t  colored 
ferric chloride purple, due to  a trace of hydroxyurethan which 
was carried over with it. Unlike the other alkyl derivatives 
of carbethoxyhydroxamic acid, i t  has practically no odor.

0.3098 gram gave 0.5482 gram CO2 and 0.2158 gram H2O.
Calc, for CUIisOsN Found

C 48.91 48 .30
H  8 .91  9 .02

T he ether solution containing the a, /3-diisopropylcarbethoxy- 
hydroxamic ester, which was left after the mixture of the mono- 
and diisopropyl esters had been extracted with potassium  
hydroxide solution, was dried and fractionated. An oil boiling 
at i o i °—io i° .5  under 15 mm. pressure was obtained. E ight 
and a half per cent, of the carbethoxyhydroxamic acid had  
been converted into the dialkyl derivative.

0.2760 gram gave 0.5754 gram C0 2 and 0.2524 gram H20 .
Calc, for C»KnOjN Found

C 57-09 56.85
H 10.13 11.76
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«,/S -D iisopropylcarbethoxyhydroxam ic ester  is  s lig h tly  so lu ­
b le  in  w ater. T h is  so lu tion  g iv e s  no  reaction  w ith  ferric ch lor­
ide, am m oniacal silver n itra te  or F eh lin g ’s  so lu tion . I t  h as  
a  p leasan t odor, v ery  m uch  lik e  th a t  o f p h en y la ce tic  ester.

(b) P repara tion  of a~Isopropylhydroxylam ine,
H

.— T h e  h yd ro lysis of th e  ai-isopropylcarbeth-
OC3H 7 (iso)

oxyhyd roxam ic ester  w as accom plished  in  th e  cu stom ary  m a n ­
ner. F iv e  and one-half gram s of th e  ester, m ixed  w ith  a  so lu ­
tio n  conta in in g  10 gram s of p o tassiu m  hydroxide, w ere h eated  
a t io o °  for  tw en ty -fou r  hours. T h e  free b ase  w as d istilled  
from  th e  aqueous so lu tion  an d  co llected  in  d ilu te  hydrochloric  
acid . T h is  so lu tion  w as con cen trated  and  p laced  in  a  vacu u m  
desiccator w ith  potassiu m  hyd roxid e and  su lphuric acid . 
A fter tw o  w eek s a-isop rop ylh yd roxy lam in e hydrochloride  
h ad  crysta llized  o u t a s w h ite  p la tes, m eltin g  a t  8 4 ° .8 , w h ich  
w ere deliquescent. (C om pare th e  isom eric w -propylhydroxyl- 
am ine hydrochloride.) I t  is  so lu b le  in  w ater  an d  a lcohol, b u t  
n o t soluble in  ether. I t s  aq u eou s so lu tion  rap id ly  reduces  
silver n itra te  an d  F eh lin g ’s so lu tion  in  th e  co ld .

F ree a-isopropylh ydroxylam ine w as ob ta in ed  b y  d istillin g  
a  m ixture o f 2 gram s o f th e  hydrochloride and  4  gram s o f dry  
p otassiu m  hydroxide. I t  is a  colorless liq u id  b o ilin g  a t  72°.2  
(uncorr.). I t  h as a  d isagreeab le, p u n gen t odor. I t s  specific  
g ra v ity  ( 2 5 ° /25 °) is  0 .8459 . I t s  aqueous so lu tion  reduces 
am m oniacal silver  n itra te  so lu tion  and F eh lin g ’s  so lu tion .

/ C 2H 5
V II . a-Isopropyl-(i-ethylhydroxylam ine, H N <(

X X ^ H ?  (iso)
(a) A c tio n  o f E th y l Io d id e  on ac-Isopropylcarbethoxyhydroxam ic 

E ster.— A  so lu tion  o f 4 .22 gram s of sodium  in  abso lu te  alcohol 
w as slow ly  added to  an  alcoholic  so lu tion  con ta in in g  27 gram s 
o f a:-isopropylcarbethoxyhydroxam ic ester an d  28 .6  gram s of 
e th y l iod ide. N o  n oticeab le  change occurred. T h e  m ixture  
w as a llow ed to  stan d  for tw o  w eek s a t  room  tem perature, 
and  w as then  h eated  to  7 0 0 for several hours. T h e  sm all

h n /
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am ount of fine precipitate w as rem oved, m ost of the alcohol 
w as d istilled  off, and after d iluting the solution  w ith w ater  
it  was extracted w ith ether. T he ether extract w as shaken  
w ith dilute potassium  hydroxide solution, and th en  shaken  
repeatedly w ith  sodium  th iosulphate solution to  rem ove the  
free iodine w hich w as present. I t  was then dried and fraction­
ated  under 748 m m . pressure. T w en ty  gram s of <a:-isopropyl-

OC2H 5

/3-ethylcarbethoxyhydroxam ic ester, O : C ,
\  /C2H5

N \ x OC3H - (iso)
boiling at 181 182° were obtained. The yield was 62.5
per cent, of the theoretical.

0.3499 gram  gave 26 cc. N  a t  20° and 743.5 m m . pressure.

Calc, for C sH itO.-jIn Found
N  8 . 0 0  S .29

a-Isopropyl-/3-ethylcarbethoxyhydroxam ic ester is  soluble  
in water, alcohol and ether. I t  g ives no reaction w ith  either 
am m oniacal silver nitrate, Fehling's solution or ferric chloride. 
I t  has a  b itin g  odor resem bling phosgene.

(6) Preparation of a  -Is opr opyl-fi-ethylhydroxylamine.— Ten  
gram s of the ester were treated  in  th e usual m anner w ith  20 
gram s of potassium  hydroxide dissolved in w ater. T h e hydro­
chloride of a-isopropyl-/3-ethylhydroxylam ine, which was 
form ed, rem ained as an oil upon evaporating th e  aqueous solu­
tion  and drying in  a desiccator over sulphuric acid. T h e aque­
ous solution of the sa lt reduced am m oniacal silver nitrate in 
the cold. P latin ic  chloride precip itated  th e  chloroplatinate  
as a  ligh t yellow  crystalline pow der from an alcoholic solution  
of the hydrochloride.

0.1328 gram  gave 0.0436 gram  P t.

Calc for CittHzsOsNsPtCls Pound

P t  3 2 . 1 9  3 2 - 8 3
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W hen th e  hydroch loride is  d istilled  w ith  p o tassiu m  hydroxide  
i t  g iv es  a -isopropyl-/3-ethylhydroxylam ine. T h is  is a  color­
le ss  liq u id  b o ilin g  a t  82°. I t  has an  am m oniacal odor, and is  
n o t  v e ry  so lub le in  w ater. I ts  aq u eou s so lu tion  reduces  
am m oniacal silver  n itrate  in  th e  co ld  an d  F eh lin g ’s  so lu tion  
w h en  h eated . I ts  specific g ra v ity  (25 0/ 2 5 0) is  0 .8730.

✓C3H 7 (iso)
V III. a-Diisopropylhydro%ylamine, HN<^

X OC3H 7 (iso)

A  m ixture of 13 gram s of <x, (S-diisopropylcarbethoxyhydrox- 
am ic ester and 25 gram s o f p o tassiu m  hyd rox id e d isso lved  in  
w ater  were h ea ted  a t  120° in  a sealed  tu b e  for 36 hours. T h e  
co n ten ts  of th e  tu b e  were th en  d istilled , and  treated  as usual. 
T h e  hydrochloride of d iisop rop ylh ydroxylam in e s lo w ly  crys­
ta llized  ou t, m ixed  w ith  am m onium  chloride. T h e  sa lt  w as  
recrysta llized  from  alcohol. I t  form ed fla t p la tes , w hich  m elted  
a t  74°.8 .

T e n  gram s o f pow dered p otassiu m  h yd roxid e w ere poured  
over 5 gram s of th e  hydrochloride con ta in ed  in  a  d istillin g  
flask, and th e  m ixture w as w arm ed. T h ree  and on e-ten th  
gram s of th e  free base w ere obtained . T h e  y ie ld  w as 82 per  
cen t, of th e  th eoretica l. a -D iisop rop y lh yd roxy lam in e  is a  
colorless liq u id  boiling  a t  y6.°6-~77°. I t  h a s an am m oniacal 
odor m ixed  w ith  th a t  of an  isocyan id e . I t  is  read ily  so lub le in  
w ater, and rap id ly  reduces am m oniacal silver  n itrate  in  th e  
cold . I t  does n o t reduce F eh ling 's so lu tion . I ts  specific  
g ra v ity  (2 5 ° /2 5 ° )  is 0.8525.

T h e  fo llow in g  tab le  sum m arizes th e  properties o f these  
com p ou n d s:
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a-Lthyl

a-Propyl

a-Isopropyl
a,/3-Diethyl
a,/3-Dipropyl

a,j8-Diisopropyl
a-Ethyl-j8-propyl
a-Kthyl-jS-isopropyl

a-Propyl-/?-ethyl

a-Isopropyl-j8-ethyl

Rsters of hydroxy tire than 
B. p.

I950~i 960 
9 5 ° - 9 7 °  at 17 mm. 
200°—210° IJ. 
i o 9 ° - i i i °  at 15 mm.

io2 ° - io3° at 12 mm. 
72°-74° at 12 mm. 
io7°.5-io8° at 20 mm. 
i o i ° - i o i ° . 5  at 15 mm. 
189°
182°
84°-87° at 15 mm.
92 °. 5 at 20 mm.
1 9 1 0

i 8 i ° - i 8 2 °

Alkylhydroxylaraines
■ ■ 11  ......................* .

Free base
-— — ----- '--------------■> Hydrochloride.

B, p. Sp. fir. M. p.
68° (Lossen) 0.8827 (Lossen) 128° K. (Lossen)

7°-5
86°.6-87° 0.8687 i4O °-i4 i0

720.2 0.8459 84°. 8
83° (Lossen) 0.829 at o° (Lossen) i23°-i24° (Jones)
85 °-86° 0.8141 146°. 6
76°.6-77° 0.8525 74°. 8
83°. 8-84° 0.8033 72°-5-73
78° 0.8132 oil

96°. 2

82° 0.8730 oil



2 5

S U M M A R Y

1. In  th e  p resen t paper m eth od s of preparing th e  e th y l, 
p rop y l and isopropyl esters an d  m ixed  e th y l propyl an d  e th y l  
isop rop yl esters of carbethoxyhydroxam ic acid  are described  
an d  th e  com pounds stud ied . T h ese  esters are all h igh  b o ilin g  
o ils w ith  a  characteristic odor. N o n e  of th em  reduce am m oniacal 
silver n itra te  or F eh lin g ’s so lu tion .

2. tt-Propylhydroxylam ine, « -isopropylh ydroxylam ine, and  
th e  d ifferent p ossib le  a -d ia lk y lh yd roxy lam in es con ta in in g  e th y l, 
p rop yl and isop rop yl groups, a lso  their  hydroch lorid es and  
ch lorop latinates, h a v e  been m ad e and stu d ied .

3 . I t  h as b een  show n th a t th e  esters of carb ethoxyh ydrox­
am ic  acid  suffer h yd ro lysis w ith  potassiu m  hydroxide, th e  m ore  
ea sily  th e  higher th e  m olecular w eigh t o f  th e  su b stitu tin g  
grou p .1

4 . T h e  specific g rav ity  o f th e  d ia lk y l d er iva tives o f  h yd roxy l-  
am ine is less th a n  th e  specific g ra v ity  of th e  m on oa lk y l d e­
r iv a tiv es  of hydroxylam ine, and  all are specifically  ligh ter  
th a n  w ater. A ll b o il b etw een  7 0 0 and 90  °.

5. T h e  m onoalk y lh yd roxy lam in es and  th e  d ia lk y lh yd roxyl- 
am in es con ta in in g  tw o  lik e  groups are so lu b le  in  w ater, w h ile  
th e  m ixed  d ia lk y lh yd roxy lam in es require a  large am ou n t o f  
w ater  for so lu tion .

6. T h e  aqueous so lu tion s of th e  ^ -m on oalk ylhyd roxylam in es  
are energetic  reducing agents. A  second  a lk y l group in  th e  
m olecu le  d im inishes th e  reducing action .

In  conclusion, I  desire to  express m y  sincere th an k s to  D r . 
L auder W . Jones, under w h ose  d irection  th e  presen t w ork w as  
carried out, for h is  k in d ly  in terest and m a n y  helpfu l su g g es­
tio n s and  criticism s.

1 E xp er im en ts  m ad e in th is  lab o ra to ry  b y  M iss  L eon ora  N eu ffer on  th e secon d ary  
b u ty l d er iv a tiv es  confirm  th is  s ta tem en t.
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V IT A .
C h arles H en ry  H ecker w as born  in  C in cin n ati, O hio, on  

M a y  15, 1886. H e received  h is early ed u cation  in  th e  C in­
c in n ati P u b lic  Schools, and grad u ated  from  W oodw ard  H igh  
S ch ool in  1905. In  th e  fa ll o f  1905 he en tered  th e  E ngin eering  
C ollege  of th e  U n iv ersity  o f C incinn ati, an d  received  th e  d e­
gree o f C h em ical E ngineer from  th is  in stitu tio n  in  1909. H is  
grad u atin g  th esis  w as “ P ip in g  an d  Segregation  in  S tee l In g o ts .”  
F rom  1909 to  1913 he w as a stu d en t in  th e  G rad uate Sch oo l 
of th e  U n iv ersity  o f C incinn ati, receiv ing from  i t  in  1911 th e  
degree of M aster  of A rts (th e  th esis  for  th is  degree w as “ A n  
A cco u n t o f th e  A lk y l D er iv a tiv es  o f H y d ro x y la m in e” ) and  
in 1913 th e  degree of D o cto r  o f P h ilosop h y . D u rin g  th e  year  
19 0 8 -9  he w as S tu d en t A ssista n t in  C h em istry , in  1 9 0 9 -10  
G rad uate A ssista n t in  C h em istry , and from  1910-13  A ssista n t  
in  C h em istry . H is m ajor w ork for th e  D o c to r ’s degree w as  
in  C h em istry , h is first m inor in  A pplied  M a th em a tics  and  h is  
second m inor in  P hysics.
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