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residues on treatment with aqueous solutions of S-benzyl- 
thiouroniuni chloride gave crude salts, which were crys- 
tallized from water and dried. The m.p.'s were: pure 
authentic S-benzylthiuronium P-(4-iodophenoxp)-ethane- 
sulfonate (X),  155-156'; salt from VI ,  153-156'; mixed 
1n.p. of X with salt from VI ,  153-156'; salt from IX, 153- 
155'; mixed m.p. of X with salt from IX, 153-156". 

4-( Carboxymethoxy)-diphenyliodonium Iodide (XI),- 
To a stirred solution of 7.2 g. (22.4 mmoles) of phenyl- 
iodoso diacetate in 20 nil. of acetic anhydride held at or be- 
low 0" there were added first 1.2 ml. (22.4 mmoles) of con- 
centrated sulfuric acid and then a suspension of 3.4 g. (22.4 
mmoles) of phenoxyacetic acid in 30 ml. of acetic anhydride. 
The solution was allowed to  warn1 to room temperature and 
was stirred overnight. 

After solvent had been removed in  vacuo below TO", the 
residue was dissolved in 10 nil. of water, extracted three 
times with ether and treated with aqueous potassiuni iodide 
(3.7 g., 22.4 xnmoles). The solution stood for several hours 
a t  U" giving a colorless precipitate of 4-(carboxymethoxy)- 
diphenyliodonium iodide (XI), which after drying weighed 
9.15 g. (19 nimoles, 85:4). Recrystallization from water 
gave a constant m.p. of 108-11l0 (introduced onto Koflcr 
hot-stage a t  95O). 

Anal. Calcd. for ClrHlpI~Oa:  C, 33.88; H,  2.51. Found: 

4-( Carboxymethoxy)-diphenyliodonium Betaine (XIa).- 
A sample of the above acid XI (1.8 g., 3.7 mmoles) mas dis- 
solved in hot water and titrated with 0.1 N sodium hydrox- 
ide to  a broni phenol blue end-point (PH 6.0-7.6). (Po- 
tentiometric titration had shown the end-point to  be near 
PH 6.5.) Dilution of the solution with acetone precipi- 
tatcd the betaine XIa as a colorless powder. Recrystalliza- 
tion could be accomplished by solution in liot water and ad- 
dition of acetone t o  incipient turbidity, followed by keeping 
near 0" for several hours. After drying for three hours a t  
I U O O ,  such material had a m.p. of 205-207' (introduced 
onto Kofler hot-stage a t  190'). 

Anal. Calcd. for CI~HI I IOJ :  C, 47.48; H, 3.13. Found: 
C,  47.20; H ,  3.32. 

4,4'-Bis-(carboxymethoxy)-diphenyliodonium Betaine 
(XIIa).-After 1.4 ml. (25 mmoles) of concentrated sulfuric 
acid had been added t o  a solution of 40 mmoles of iodine(II1) 

C, 34.79; H, 2.27. 

trifluoroacetatc in 5U inl. of acetic auliytlritlc at -20°, tlie 
solution was cooled t o  -No, and 24.3 g. (160 mniolcs) of 
phenosyacetic acid was added in small portivns and with 
good agitation. The solution was allowed to warm to room 
tetnperaturc over four hours, solvent w;is rcirioved irr ~ m i 4 0  
below 'io", and 75 inl. of water was added. The aqueou-, 
suspension \vas extracted thoroughly with ether and was 
then filtered. The clear filtrate was made slightly alkaline 
with barium hydroxide, treated with carbon dioxide. filtered 
and passed through a Ilowcx-5O ion-cxcliangc column in the 
acid form. The chilled eluatc gave 4.0 g. (9.4 inmoles, 
33',&) of 4,~'-bis-(carboxyt~ictlioxy)-diplieiiylio~lo~iiu~n be- 
taine (SI Ia) .  12ecrystallization from water-acetone and 
vacuum drying a t  100° guvc riixterial of tn.p. 212-216' (in- 
serted onto Kofler hot-stage a t  193'), uiichnnged by further 
crystallization. 

Anal. Calcti. for Clti€I,aIOti: C ,  44.SY; 11, 3.06. I'ouutl: 
C, 45.07; I$, 3.27. 

4,4'-Bis-(carboxymethoxy)-diphenyliodonium Iodide 
(XII).-Betaine S I I a  (337 mg., U.79 nunole) dissolved in 
20 ml. of hot XI()'!;, hydriodic acid gave 011 cooling colorless 
needles, which were dried in oacuo, washed with anhydrous 
ether and redried, giving 35-4 mg. (0.64 ruinole, SIc&) of 
4,4'-bis-(carboxymethoxy)-diphen~liodonium iodide (XII) 
as a yellow powder, m.p. 162-164 . 

Ami. Calcd. for C16Hll1206: C, 34.55; M, 2.61. Iiouncl: 
C, 34.45; H, 3.8.3. 

.4tternpts to crystallize S I 1  from water gave mixtures of 
S I 1  and S I I a  (formed by loss of  hydrogen iodide). 

Structure Proofs for Salts XI and XI1 from Phenoxyacetic 
Acid.--A sample of 4-(carbr)sq-iiietli~xy)-diphenyliodoniuiii 
iodide (XI )  was heated a t  120' for 2 hours. The product 
w i s  crystallized twice from tiicthylene chloride and twice 
from ethanol-water to give ~-ioclophcrioxyacetic acid of m.p. 
l58-16Oo, undeprcssccl by admixture with an nuthentic 
sample. 

Similarly, the dcconiposition of I,~'-bis-(carboxyrrictli- 
ox)-)-diphcriyliodoiiiurii iodide (XII )  a t  1K-170° gave 1- 
iodophenoxyacetic acid of ni.p. 136-158° after two crystalli- 
zations from tnetliyleiie chloride and one from ctlinnol- 
water; no depression of 1n.p. on admixture witli an autlicn- 
tic sample. 
BROOKLYN 1, N. Y .  
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The photooxidation of S-alkyl  amides has been studied using N-pet~tylliexanl~midc as a rcprcsentative of this class. Thc 
iiiajor products formed were n-valeraldehyde and valeric acid from the amine part of the niolecule and hexanoic acid and 
licxanarnide from the acid part of the molecule. Formation of these products indicates tha t  photoiixidation involves oxpgerl 
attack on the methylene group adjacent t o  nitrogen. This conclusion has been substantiated by examination of amides sub- 
stituted with alkyl groups at various positions. 

There are a number of reports in the literature on 
the photochemistry of amides. Examples include 
studies of the photodegradation of serum albumin' 
and of polyamides.2 I t  has been suggested that 
photodegradation involves reactions of acyl and 
imino free radicals generated by photolytic scission 
of the amide group. That photolytic scission oc- 
curs under certain conditions was demonstrated 
by Rideal and Mitchell3 who irradiated monolay- 
ers of stearanilide upon aqueous acid supports with 

(1) E. K .  Rideal and R. Roberts, Proc. Roy. SOC. (Londopt), 8205, 

( 2 )  B. G. Achhammer, F. W. Reinhart and G. &I. Kline, J. Research 

(3)  E. K. Rideal and J. S. Mitchell, Pvoc. R o y .  SOC. (Londotr) ,  8159, 

801 (1951); R .  Roberts, J .  SOC. Dyers and Colourisls, 65, 699 (1949). 

N u l l .  Bur. Standards, 46, 391 (1951). 

2O(i (1937). 

light of wave length 235-2300  A. The photolysis 
products, stearic acid arid aniline, appeared to 
have been formed by reaction of acyl and imino free 
radicals, respectively, with water. Later, Carpen- 
ter4 reported that  N-bcnzylstearaniide and N-fl- 
phenylethylstearamide were degraded in the same 
manner. 

Since comparable studies on simple N-alkyl am- 
ides have not been reported, an investigation of the 
photooxidation of a representative member of this 
class was undertaken. N-Pentylhexanamide was 
chosen for study principally because of its low 
nielting point (37-38'). This amide could be ex- 
amined in the liquid state a t  temperatures low 

( 4 )  D C. Carpenter, T H I ~  JOURNAL, 61, 289 (1940). 
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enough to avoid complicating side reactions 
brought about by heat. Because we were inter- 
ested in reactions that  would occur in suplight, 
which has very little radiation below 3000 A., ex- 
posures were made in Pyrex glass equipment using 
a medium pressure mercury lamp. Photooxida- 
tion proceeded a t  a significant rate even though the 
light employed is absorbed only weakly by the 
amide. However, long exposures were required to 
obtain gross amounts of photooxidation products. 

Oxygen was absorbed during ultraviolet irradia- 
tion of N-pentylhexanamide a t  50' to the extent of 
about 300 ml. in 2S5 hours. A variety of products 
were formed including acids, aldehydes and, sur- 
prisingly, hexanamide. Evidence for the pres- 
ence of amines was not obtained. Other nitrogen- 
containing compounds that might be expected as a 
result of complicated transformations, such as am- 
monia, hydroxylamine and hydrazine, were also 
absent. 

The acids formed were separated chromato- 
graphically5J and identified by comparison of elu- 
tion times with authentic samples and by prepara- 
tion of anilide derivatives. In a typical experiment 
in which 10 g. of N-pentylhexanamide was exposed 
for 253 hours, roughly 500 mg. of mixed acids was 
formed. Of this amount 250 mg. was hexanoic acid 
and 150 mg. was valeric acid. The remainder was 
composed of formic, acetic and propionic acids to- 
gether with a small unknown fraction. 

Aldehydes were isolated as 2,4-dinitrophenylhy- 
drazones. The latter were separated chromato- 
graphically7 into the five fractions shown in Table 
I. Four of these aldehyde derivatives were identi- 
fied by correspondence of their X-ray diffraction 
patterns to those of authentic samples. The major 
constituent of the mixture was the 2,4-dinitrophen- 
ylhydrazone of ~valeraldehyde.  

TABLE I 

PHRNYLHYDRAZONES OBTAINED DURING EXPOSURE OF 10 G. 
OF N-PENTYLHEXANAMIDE FOR 285 HOURS 

CHROMATOGRAPHIC SEPARATIOh' OF ALDEHYDE 2,4-DINITRO- 

2,4-Dinitro- 

T.ocation on product hydrazone, 
column Aldehyde isolated ma. 

M.p.,  OC. of phenyl- 

Top band Acetaldehyde 14G 5-150.5 <1  

Third hand *-Butyraldehyde + 
Second hand Propionaldehyde 143-148 1 

Fourth hand n-Valeraldehyde 10G-IO9 110 
an unknown 109-121 16 

I'raction washed 
through column Unknown 136-141 1-2 

The other major product, hexanamide, was found 
in the solid residue obtained by evaporation of 
water extracts of exposed N-pentylhexanamide. 
Because of purification difficulties, measurement of 
the amount formed was less accurate than those for 
the acidic and aldehyde components. However, 
best estimates indicated that 240 mg. (1.83 x 

mole) of hexanamide was formed from 10 g. of 
N-pentylhexanamide during 285 hours of irradia- 
tion. This is equivalent to the combined amounts 

( 5 )  L. L. Ramsey and W. I. Patterson, J .  Assoc. O f i c .  Agr. Chemists, 

( 6 )  C. S. Marvel and R .  D. Rands,  Jr . ,  T H I S  JOURNAL, 73, 2042 

( 7 )  J. D. Roberts and  C. Green, Ind. Eng.  Chem., A?tol. Ed., 18, 

31, 139 (1948). 

(1950). 

336 (1946). 

of valeraldehyde (35 mg., 0.41 X mole) and 
valeric acid (143 mg., 1.40 x mole) isolated 
from similar exposures. 

The only gaseous products positively identified 
were carbon dioxide and carbon monoxide. An es- 
timation of the rate of formation of these gases was 
hampered by poor reproducibility of the analyses. 
However, a typical analysis of the gas over the am- 
ide after 285 hours exposure as compared to initial 
composition of the oxygen used is given in Table 11. 

TABLE I1 
GASEOUS PRODUCTS FORMED BY ULTRAVIOLET IRRADIATION 

OF N-PENTYLHEXANAMIDE 
Analysis of the gas over the  amide 
Before exposure, After exposure, 

mole % mole 70 
Carbon dioxide Nil 1.4 
Carbon monoxide 0.6 1.0 
Hydrocarbons Nil 0 . 3  
Hydrogen 0 . 3  0.4  
Nitrogen 0 . 3  3 . 7  
Oxygen 98 .8  93 .2  

From these data it was calculated that  roughly 20 
mg. of carbon dioxide and 10 mg. of carbon monox- 
ide were formed. The assay for hydrogen is within 
the limits of experimental error. Nitrogen ap- 
peared in all experiments despite careful efforts to 
avoid contamination from the air. 

The parts of the amide molecule from which 
these products were derived were determined une- 
quivocally by use of carbon-14, Photooxidation of 
N-pentyl-1-Cl4-hexanamide, in which the radioac- 
tive atom is in the amine part of the molecule adja- 
cent to nitrogen, gave radioactive valeraldehyde 
and valeric acid. This is illustrated in Table 111. 

TABLE I11 
DISTRIBUTION OF RADIOACTIVITY IN PRODUCTS FORMED BY 

PHOTOOXIDATION OF RADIOACTIVE AMIDES 
Activities are given in percentage of the maximum theo- 

retical activity calculated assuming all of the compound 
came from the labeled position. These activities were 
measured on samples prepared by plating the compound or 
a derivative of i t  on planchets. In  some cases the com- 
pounds were converted to COz and counted in the form of 
barium carbonate. 

n-Valeraldehyde 
%-Butyraldehyde 

an unknown 
Propionaldehyde 
Acetaldehyde 
Valeric acid 
Hexanoic acid 
Hexanamide 
coz 
co 

CaHiiCO- 
NHC14Hz CsHiiCl'O- C4HoC14Hz- 

CaHo NHCaHii CONHCsHii 

96 

Inact. 
Inact. 

7 
88 

Inact. 
9 

41 
20 

+ Inact. 

Inact. 
Inact. 
Inact. 
Inact. 

85 

18 
Inact. 

. .  

6 

Inact. 
Inact. 

Nil 
7 

98 

Nil 
Nil 

. .  

The hexanoic acid isolated was completely inactive. 
Activity of the hexanamide was very low and was 
probably the result of contamination with small 
amounts of unchanged N-pentyl- l-C14-hexanamide. 
N-Pentylhexanamide-l-C14 and N-pentylhexanam- 
ide-2-C14 gave radioactive hexanoic acid, but in- 
active valeraldehyde and valeric acid. Thus, i t  
was established that valeraldehyde and valeric 
acid came from the amine part of the molecule, and 



hexanoic acid and hexanamide were derived from 
the acyl group. 

I t  is to be noted that significant proportions of 
the carbon dioxide and carbon monoxide were tle- 
rived from the methylene group adjacent to nitro- 
gen. Essentially none of these compounds arose by 
oxidation of the methylene adjacent to carbonyl. 
n-Butyraldehyde, propionaldehyde and acetalcle- 
hyde were inactive and thus did not include any of 
of the labeled positions. I t  is suggested that they 
were formed by clecomposi tiou of valeraldehyde 
and valeric acid. 

The discovery that n-valeraldehyde is fornied 
by oxidation of the amine part of the inolecule and 
the isolation of hexanamide suggcst that  photo- 
oxidation involves oxygen attack a t  the mcthylene 
group next to nitrogen. That such is the case has 
been established with certainty by examination of 
amides substituted with nicthyl groups in various 
parts of the molecule. 

The amides listed in Table IV were exposed to 
ultraviolet radiation in the presence of oxygen under 
the same conditions used for K-pentylhexanamide. 
These amides are previously unreported coni- 
pounds. Oxygen absorption and acid formation 
were used as criteria of the destruction of amide by 
photoijxidation. 

TABLE IT 
P I I O T O O S I D A T I O S  OF SUBSTITUTED .IMIDES 

Ouygen Acid 
consumed“ titer!’ 

I C4H sCOSH C( CHa)nC:Iii, 0 0. 13 
I I CiH*iCOSHC(CH2)HCnfi; 23 0 . 2 3  
111 C~HIICOSHCI~*C(CH~)LCI-II  130 0.83 
I\- C?H,jC(CHa)2COSHCjHii 33; 1.30 
\- CaII,,COSHC,HII 330 2 ,  70 
1.1 C ~ H I I C O S ( C H : . ) C ~ H ~ ,  300 2.86 

hll. of oxygen xbsorbecl by 10 g .  of aniitle in 285 hours 
:>t T,OO. ‘3 XI1. 0.1 ” I a O I i  per gram of esposed amide. 

As  shown in Table IV, N-(1,l-dimethylpropylj- 
valerarnide (I) did not absorb oxygen even when 
exposed for as long as 2% hours a t  50”. Under 
similar conditions an amide containing one methyl 
group a t  the carbon next to nitrogen, K-(1-methyl- 
propyl)-hexanamide (II), was also surprisingly re- 
sistant to photooxidation although it did absorb 
appreciable amounts of oxygen. Substitution a t  
the second carbon away- from the amide group, il- 
lustrated by N-(2.2-dimethylpropyl)-hexanamide 
(111), gave much less protection. The carbon 
atom next to carbonyl in the acid part of the mole- 
cule is not attacked to any appreciable extent. This 
was shown by use of N-pentyl-2,2-dimethylbutyr- 
amide, which consumed oxygen a t  the same rate 
as a straight chain amide, N-pentylhexanamide 
(V). N-hIethyl-N-ethylhexanamide (VI) reacted 
with oxygen more rapidly than the other amides ex- 
amined, which indicates that amides having two al- 
kyl groups on the nitrogen are more susceptible to 
photoiixidation than monoalkyl amides. 

Of the products formed during photooxidation of 
amides, the most easily detected are acids. Titra- 
tion of the exposed amide samples (Table IV) clem- 
onstratcd that amounts of acids produced during 
photooxidation follow closely the pattern set by 
oxygen absorption. Degradation to acids of the 

amide completely substituted with methyl groups 
a t  the methylene ne.it to nitrogcn (I)  was very low. 
This is in contrast to amides suhstituted in the acid 
portion (IV),  the unbranched amide (V) and thc 
dialkyl amide (VI), all of which were photooxidized 
to acidic products in considerable quantities. Only 
small amounts of acids were formed from the amide 
substituted with one methyl group on the carbon 
next to nitrogen (11). 

Another measure of amide oxidation, namely, 
generation of ultraviolet-absorbing materials, was 
investigated. .\ill of the amides used in this stu!y 
absorbed very weakly in the region 2000-3000 A. 
Examination of the ultraviolet spectra of these 
amides after exposure, given in Fig. 1, shows the 
amide substituted a t  the carbon next to nitrogen 
(I)  was not degraded to ultraviolet-absorbing cotn- 
pounds. .\ll of the other amides formed ultraviolct- 
absorbing compounds. The dialkyl amide VI ,  
whicli has the greatest number of hydrogen atoms 
next to nitrogen, showed the greatest increase in 
ultraviolet absorption. Only a small increase in 
absorption was obtained with the amide having 
only one hydrogen next to nitrogen (11). 

These data and the discovery that photooxidation 
of the unbranched amide attacks initially the amine 
part of the molecule lead to the conclusion that the 
major reaction in amide photooxidation is oxygen 
attack a t  the methylene adjacent to nitrogen. The 
following mechanism is proposed to account for the 
breakdown of :I straight chain amide. 
Iniriatinn 

11 Y 
RCOSHCHLR’ + RCO,  + ,NHCH?R’  ( I )  

RCO. + RCOSHCHZR’ + 
RCHO + RCOSHCHR‘ (2)  

R’CH:SI1, + RCOSIICII2R’ + 
R’CII,NII, + RCOXHCFrR’ ( 3 )  

Prop :ig:itioii 
0-0 

RCOSHCHR’  + 02- RCOSIICI IR’  (.4) 

0-0, 
I 

RCOSIIC€IR’  + RCOSIICH?R’  + 
O--OH 

RCOSII&iR’  + R C O S H k R ‘  ( 5 )  
OOH 0. 

I 
RCOSHCHR’  + RCOSIICHR’  + ,011 (6) 

.OH + RCOSHCH,R’+ RCOSHCI-IR’ + €I?O ( 7 )  
0. 
I 

RCOSHCHR’ + RCOSI~ICHsR’ + 
OH 

RCOSI-ICHR‘ -+ RCOSHCHR’ ( 8 )  
1.11 

Subsequent reactions 
OH 

I 
RCONHCHR’ + RCONH? f R’CHO (9)  

R’CFIO + 0: + R’CO2H (10) 

Photolytic scission of an amide bond to imino and 
acyl free radicals as postulated in reaction 1 has 
bccn suggested by Ritleal and YIi t~hel l .~  No evi- 
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clence for i t  was obtained in the present work since 
neither hexanaldehyde nor pentylamine was 
found in the phototixidation products of N-pentyl- 
hexanamide. However, both could have been 
formed and oxidized to hexanoic acid and valeral- 
dehyde, respectively, which are major photooxida- 
tion products. Initiation by other photoactivated 
species, e.g., a triplet state diradical of the original 
amide, is also possible. 

The propagation reactions are postulated to ac- 
count for the formation of the hydroxyalkyl amide 
VII. Since hydroxyalkyl amides decompose to al- 
dehydes and primary amines,* VI1 is believed to be 
the precursor of hexanamide and n-valeraldehyde 
found in phototixidation products from N-pentyl- 
hexatlamide. Reaction 4 is a transformation that 
has long been recognized to occur. The radical 
formed would be expected to stabilize itself by ab- 
straction of a hydrogen atom from the most labile 
positions available, which would suggest reaction 
5 as the next step. Decomposition of hydroperoxy 
radicals to alkoxy and hydroxyl radicals as proposed 
in reaction f has many analogies8 4 s  shown in re- 
action 8, VI1 could be formed as a result of abstrac- 
tion of a hydrogen atom by the alkoxy radical from 
a neighboring amide molecule. Addition of reac- 
tions 4 through 9 gives one free amide radical from 
the initiation steps reacting with one molecule of 
oxygen and three molecules of amide to form three 
amide free radicals and one ~nolecule each of water, 
primary amide and aldehyde. 

Experimental 
N-Pentylhexanamide (V)  .-Pentylamine ( S i  g., 1 mole) 

and freshly distilled hexanoic acid (116 g., 1 mole) were dis- 
solved in 200 ml. of xylene and the resultant reaction mix- 
ture was heated under reflux for 40 hours. Water (18 ml.) 
was removed continuously as formed. The reaction mixture 
was then washed consecutively with 5y0 sodium hydroxide, 5c0 hydrochloric acid and water. The xylene solution was 
dried with magnesium sulfate and evaporated in ZJUCUO. The 
residue, which crystallized when cooled to room temperature, 
amounted to  156 g. (84%) and melted a t  37.5’. It  was puri- 
fied by recrystallization from petroleum ether at -50” to  
obtain spectroscopically pure IX-pentylhexanamide, k = 126 
X at 2500 A., 4 X a t  2800 B., 1.6 X at 
3000 K., 0.8 X 

Anal. Calcd. for CI1H2,NO: C, 71.35; H, 12.43; N, 
7.57. Found: C,71.12; H, 12.51; N,7.52. 

N-Pentylhexanamide-l-C14.-Sodium hexanoate-l-Cl4 
was obtained from the Oak Kidge Iiational Laboratory on 
authorization from the Isotopes Division, U.S. Atomic En- 
ergy Commission. This sample, which had an  activity of 
about 1 millicurie, was added t o  a solution prepared by 
neutralizing 24 g. of redistilled hexanoic acid with 20y0 so- 
dium hydroxide. The  hexanoic acid was recovered by acidi- 
fication and extraction with methylene chloride. It was 
cliluted again by addition of 25 g. of hexanoic acid and 
converted to  hexanopl chloride. Reaction of pentylamine 
with this acid chloride gave GO g. (85%) of N-pentylhexan- 
amide- l -W,  m.p. 37.5’, not depressed when mixed with 
pure inactive amide. 

A n d .  Calcd. for C11HdJO: N, 7.57. Found: N, 7.31, 
7.92. 

Hexanoic Acid-P-Cl4.--Sodium valerate-l-C’d of about 2 
millicuries activity, also obtained from the Oak Ridge Na- 
tional Laboratory on authorization from the Isotopes Divi- 
sion, U. S. -4tomic Energy Commission, was added to  a solu- 
tion formed by neutralizing 10 g. of valeric acid with 20y0 

a t  3200 A . ,  and 0.0 a t  3300 A .  

(8) J. F .  Walker, “Formaldehyde,” second edition, Reinhold Pub- 

(9) A.  V. Toholsky and R. B. Mesrohian, “Organic Peroxides,” 
lishing Corp.. New York, X. Y . ,  1953, p. 291. 

Interscience Publishers, Isc., NQW York, S. Y , 1951, p, 91. 

Fig. l.--Ultraviolet spectrum of amides after exposure: 
I ,  Ti-( 1,l-dimethylpropyl)-valeramide; 11, N-( l-methyl- 
propyl)-hexanamide; 111, N-(2,2-dimethylpropyl)-hexan- 
amide; IV, N-pentyl-2,2-dixnethylbutJ.ramide; V, S-pentyl-  
hexanamide; VI, N-methyl- N-ethylhesanamide. 

sodium hydroxide. The resultant solution was extracted 
with methylene chloride to  remove non-acidic impurities. 
It was acidified with hydrochloric acid and again extracted 
with methylene chloride. The extract was added to SO g. of 
valeric acid and the whole distilled a t  100’ (28  mm.).  The 
radioactive valeric acid was reduced with lithium aluminum 
hydride according to  the method of Brownlo to  obtain 38.1 
g.  (597,) of l -pentan~l - l -C’~ ,  b.p. 136-137.5”. The alcohol 
was converted to  1-bromopentane-l-C14 by reaction with 
hydrobromic acid.” The yield was 81.7 g. (73.55;), b.p. 
125-128”. A mixture of the l-bromopentane-l-C14, sodium 
cyanide (32.5 g., 0.68 mole), water (42 ml.) and alcohol (82 
nil.), was heated under reflux for 30 hours. After cooling 
and removal of sodium bromide by filtration, the residue 
was hydrolyzed with aqueous sodium hydroxide and 51.7 g. 
(SFYO) of hexanoic acid-2-Cl1, b .p .  96-98.5’ (10 mm.) .  ob- 
tained. 
N-Pentylhexanamide-2-C14.-Al mixture of the above acid 

(0.45 mole), pentylamine (43.5 g., 0.50 mole) and toluene 
(100 nil.) was heated under reflux. Water (8 ml., 0.44 mole) 
was collected as formed. After removal of toluene, the re- 
sidual amide was purified as described above, m.p. 37-38”, 
not depressed upon mixture with inactive amide. The 
yield was 72 g.  (8Tr&). 
Pentylamine-l-C1l.-Sodiurn cyanirle-C1d ( 2  millicuries, 

obtained from Tracerlab on authorization from the Isotopes 
Division, U.S. Atomic Energy Commission) was diluted with 
37.6 g. of inactive sodium cyanide and allowed to  react 
with 100 g. of n-butyl bromide using the method of -4dams 
and Marvel.l2 The yield of valeronitrile was 35.3 g. (58.55: 
based upon sodium cyanide), b.p. 138-1-12”. This was 

(10) W. G. Brown, “Organic Reactions,” John Wiley and Sons 

(11) “Organic Syntheses.” John Wiley and Sons,  Inc. ,  New Y o r k ,  

(12) R .  Adzms and C. S X u v e l  Tim Joa~wai  42, 310 (1920) .  

Inc. ,  Xew York, N. Y., 1931, Vol. VI, p. 480. 

N. Y., 1946, Coll. Vol I .  13. 27.  
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diluted by  addition of 25 g. of inactive valeronitrile, which 
reduced the activity t o  about 0.84 millicurie per niole. 

The  radioactive valeronitrile (60 g., 0.7 mole), :30 g. of 
animonia (1.8 moles) and  5-10 g. of IZaney cobalt were placed 
in a shaker tube and pressured to 2500 Ib./sq. in. with hy- 
drogen. The  temperature mas increased gradually to 120- 
125" and kept a t  tha t  level for 1.5 hours. The  total pressure 
drop was 1800 Ib./sq. in., which corresponds to 1.5 inciles of 
hydrogen. From the  reaction mixture there was recovered 
40.2 g. ( 6 4 % )  of pentylamine-l-C1~, b.p. 105'. 
N-Pentyl-l-C1'-hexanamide.-Pentylamine-l-C1j (40 g., 

0.16 mole) and hexanoic acid (59 g., 0.51 mole) mere 31- 
lowed to react in 200 ml. of toluene as described above. The  
yield of pure amide was 66 g. (77.57;). 

Anal. Calcd. for CilH23NO: li, 7.57. Found: N, 7.48, 
7.46. 

N-( 1 ,1-Dimethylpropyl)-valeramide (I) .-A modification 
of the method of Kitter and Minieri13 was employed. Sul- 
furic acid (250 g.) was added dropwise with stirring to a mix- 
ture of valeronitrile (166 g., 2 moles) and 2-methyl-2-bu- 
tanol (250 g., 2.82 moles) cooled to 10-15'. Afteraddition 
was complete, the reaction mixture was stirred for 16 hours 
at room temperature and then poured onto ice. The water- 
insoluble oil tha t  separated was washed first with water and 
then with sodium bicarbonate solution. After drying with 
magnesium sulfate the product was distilled. The  fraction 
boiling a t  88-89' (1  mm.) ,  (214 g., 63% yield), n% 1.4461, 
d254 0.8656, was collected as pure N-( 1,l-dimethylpropyl)- 
valeramide; ultraviolet absorption spectra: k = 114 

at 2800 .&., 3 X lW4 a t  3000 A . ,  

A w l .  Calcd. for CIOH.~NO: C, 70.58; H, 12.28; N, 
8.19. Found: C, 70.30; H, 12.31; N,8.08. 

N-( I-Methylpropy1)-hexaamide (11) .-sec-Butylamine 
(90 g., 1.23 moles) and  hexanoic acid (144 g., 1.30 moles) 
were dissolved in 200 ml. of toluene. This mixture was 
llcatedunderrefluxandwater (20ml.) was removed as formed. 
Toluene was removed by  distillation at room temperature 
tinder reduced pressure and the residue was washed with 
57, hydrochloric acid, 5% sodium hydroxide and finally 
with water. The  organic layer then was dried with potas- 
sium carbonate and distilled. The  fraction boiling at 90- 
93.5' (0.35 mm.) was collected as N-( 1-methylpropy1)-hex- 
anamide (139 g., 81yo yield). Redistillation gave a pure 
fraction boiling a t  93" (0.35 mm.) ,  n Z 5 ~  1.4434, dZS4 0.8656; 
ultraviolet spectra: k = 42 X a t  2500 A., 12 X010-4 at 
2800 A . ,  7 X 

Anal. Calcd. for CIOII,,SO: C, 68.79; H, 12.10. Found: 
C, 68.95; H, 12.22. 

N-( 2,2-Dimethylpropyl)-hexanamide (111) .-2,2-Dimethyl- 
propylamine (50 g., 0.57 mole) and hexanoic acid (70 g., 
0.60 mole) were dissolved in 200 ml. of toluene and heated 
under reflux. IVater was removed as formed until 10.5 ml. 
had been collected. Toluene was removed by distillation 
and the amide remaining mas washed with 10'2 sodium hy- 
droxide and then with water. Distillation of the amide gave 
72.5 g. (6856 yield), b.p. 97-98' (0.28 mm.). Kedistilla- 
tiori gave pure amide, b.p. 100' (0.45 mm.),  n Z 5 ~  1.44$0, 
d2b4 0.8656; ultraviolet spectra: k = 27 X a t  2500 A . ,  
9 X 10-4 at 2800 ,I., 5 X 1fY4 at 3000 i., and 1 X at 

a t  2500 A,,  7 X 
0 a t  3200 A. 

at 3'100 A., and 2 X a t  3300 A. 

3200 A.  
Anal. Calcd. for C,LH?~NO: C, 71.35; H, 12.43; N, 

7.57. Found: C, 71.38; H, 12.55; N, 7.58. 
N-Pentyl-2,2-dimethylbutyramide (IV).-To 2,2-dimeth- 

ylbutyroyl chloride (53 g., 0.39 mole) dissolved in ether was 
added an ether solution of pentylamine (75 g., 0.99 mole) 
dropwise. After 24 hours the reaction mixture was filtered 
to remove pentylamine hydrochloride and the  filtrate was 
washed with 570 hydrochloric acid and then with water. 
After drying with magnesium sulfate, ether was removed and 
the residue distilled. The  fraction boiling at 102-103" (1 
rnrn.) (42 g., 58y0 yield) was N-pentyl-2,2-dimethylbutyr- 
amide, n2% 1.4476, d24 0.5772; ultraviolet spectra: k = 

3200 A. 
X G O  x 1 0 - 4  3t 2500 A., i o  x 10-4 a t  2800 A.,  2 x 1 0 - 4  at 

Anal. Calcd. for C11H2SNO: C, 71.35; H, 12.43; K, 
7.57. Found: C, 71.41; H, 12.57; N, 7.58. 

(I?,)  J. J. Ritter and P. P. Slinieri, THIS J O U R N A L ,  70,  4045 (1948). 

N-Methyl-N-ethylhexanamide (VI) .-Hexanoyl clilo- 
ridc (85 g., 0.63 mole) was added dropwise to a mixture of 
niethyletliylamine hydrochloride (60 g. ,  0.03 mole) and 
sodium hydroside (50  g., 1.26 moles) in 150 nil. o f  water 
while cooling in  ice. After reaction w:ts crimpletc tlie org:uiic 
h y e r  was scparatcd and wv:~slied first with 57,; hydrocliloric~ 
acid and then with water. The  product \vas dried with an- 
hytlrous magnesium sulfate and distilled to  give si) g. (60' ; 
yield) of a pale yellow amide, b.p. 108-110" (10 mni.). 
Colorless r\ ' -~netI~yl-S-ethyIliexa~~a~nitle,  b.p. 113" (1:; 
inin.), ?t% 1.4443, d2S4 0.8821, W:LS obtained by two atltli- 
tional fractional ~distillntions; ultraviol$ spectra: k = 450 

A . ,  and 3 X at  3200 A .  
Anal. Calcd. for C9HlcNO: C, 68.79; El, 1 . 1 0 .  ~ c i u n d :  

C, 68.95, 68.88; 11, 12.22, 12.25. 
Ultraviolet Exposure of N-Penty1hexanamide.-The 

amide was exposed in a Pyrex glass cell 30 inm. in diameter 
and 60 mm. in length. The  cell contained a side arm large 
enough to  admit a small glass-covered magnetic stirrer bar, 
a thermocouple n-ell, and a water jacket. This vessel was 
designed for irradiation from the top through a window of 
optically flat Pyrex glass. T o  the vessel was atldcd 10 g. 
(0.054 niole) of N-pcntylliexaiiai7iidc together with a glass- 
covered magnetic stirrer bar. It was then connectctl to :L 
gas buret. The  amide was melted, degassed, and then frozcn 
by irnmersion of tlie cell in a solid carbon dioxide-acetone 
mixture. Air iii tlic system was replaced with oxygen by 
evacuation followed by admission of oxygen of known pur- 
ity. The  cooling niisture was rctnoved and water :it 50' 
from a thermostat was circulated through the jacket. i\s 
soon as the amide melted, stirring was started and the laiiip 
turned on. The  ultraviolet source was a Hanovia analytic 
model lamp with a type L burner placed 25 cin. from the sur- 
face of the sample. The  progress of the photoiixidation was 
followed by measuring oxygen consumption. During thesc 
exposures the  temperature of the amide was 51-52'. Sinii- 
larly, 10-g. samples of  each of the amides described in Table 
IV were exposed for 285 hnurs at 50'. 

Samples of gaseous products were obtained by interposing 
a g:is collecting tube between the esposure vessel and thc gas 
buret. The  composition of the  gas over the reaction mis- 
ture after exposure is given in Table 11. 

Analysis of Products.--;\citls present in exposecl amide 
were neutralized with excess 20c% sodium hydroxide. Xon- 
acidic materials were removed by exhaustive continuous 
extraction with methylene chloride. The aqueous solution 
was acidified with phosphoric acid and steam distilled. 
Volatile acids were obtained from the  distillate by methylene 
chloride extraction. Acidic products were obtained by dis- 
tillation of the  extract. Titration dernonstrated tha t  neg- 
ligible amounts of acids were lost during removal of the  
methylene chloride. Hexanoic and valeric acids were sep- 
arated by  partition clirornatography according to the pro- 
cedure of Ramsey and Patterson.5 The  hexanoic acid re- 
covered from tlie chroinntograni formed an anilide, n1.p. 91- 
93", tha t  showed no depression in melting point when mixed 
with authentic hesannnilide. The  valcric acid isolated from 
the chrornatogram also W:IS converted to  an anilide, m.1). 
,5-M ', mixed 1 n . p .  with authentic valeranilidc 5-56'. 
C1- C4 monobasic acids wcrc determined by the partition 
chromatographic method of Marvel and 

Aldehydes were isolated by  modification of the  exposure 
apparatus to  permit continuous passage of oxygen through 
the  amide during irradiation. Exit gases were passed into a 
trap containing 20 nil. of 2,4-dinitrophenylhydrazine rc- 
agent.'4 During tlie course of the  exposure 2,4-dinitro- 
phenylhydrazones wcre formed in the t iap.  The  total pre- 
cipitate obtained after 285 hours of exposure amounted to  

phenylhydrazine. Chri~rt~atograpliic separation of the phen- 
ylhydrazones by  the rnethotl of Roberts and Green7 gave the 
five fractions describctl in Table I.  These derivatives were 
recovered from the  respective fractions by evaporation of the 
eluting solvents. Amounts of aldehydes present were esti- 
mated from recovery of the piienylli~drazoties. The  identity 
of these derivatives was established by the correspondence of 
their X-ray diffraction patterns to  patterns given by  au- 
thentic samples. 

y 10-4 a t  2500 A . ,  23 x 10-4 a t  2'300 A., 8 x 10-4 :it 3000 

-r I 00 mg., about half of which was unchanged 2,4-dinitro- 

(14) R. I.. Shriner  and R.  C. Truson, "Identification of Organic 
Compounds," third edition, John Wiley and Sons, Inc . ,  New York, 
N. Y , 1948, p 171 
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Exposed samples of X-pentylhexanamide were extracted 
with water and the extract evaporated to  dryness. The low- 
melting residue was recrystallized from isooctane to  obtain 
white crystals melting a t  88-90’ (hexanamide melts a t  97- 
98’). The identity of these crystals as hexanamide was es- 
tablished by the exact correspondence of the X-ray diffrac- 
tion pattern obtained from them with tha t  given by au- 
thentic hexanamide. 

Addition of l o  yo sodium hydroxide solution to  photo- 
oxidized N-pentylhexansmide caused evolution of suflicient 
amounts of either ammonia or an amine t o  be detected by 
litmus paper. Quantitative estimation by the ninhydrin pro- 
cedure and by the method of Vat1 Slyke and C ~ l l e n ’ ~  estab- 
lished tha t  less than 2 mg. of ammonia was formed upon 
exposure of 10 g.  of N-pentylliexanamide for 285 hours. 
Qualitative tests for hydroxylamine and hydrazineI6 were 

(15) P. B. Hawk, B. L. Oser and W. H. Summerson, “Practical 
Physiological Chemistry,” twelfth edition, Blakiston Co., Philadel- 
phia, Pa. ,  1917, I). 50. 

(16) P. Feipl, “Spot Tests,’’ translated by R .  E. Oesper, third 
edition, Elsevier Publishing Co.. New York, N. Y., 1947, p. 180. 

negative. Infrared spectra of irradiated N-pentylhexanam- 
ide and of the residual amide after acids had been removed 
showed no indication of nitriles. 

Gas samples were analyzed by the Orsat procedure using 
a Burrell build-up laboratory model analyzer. Carbon di- 
oxide, oxygen and unsaturated hydrocarboiis were deter- 
mined by usual absorbing reagents. Hydrogen and carbon 
monoxide were determined by combustion over hot copper 
oxide in the normal way. Oxygen was added and paraffin 
hydrocarbon: were burned to  carbon dioxide over platinized 
silica at 500 . Inert residual gas was reported as  nitrogen. 
Identity of the inert gas was verified by Inass spectrometric 
analysis. 
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Thiyl radicals from a-thioglycerol and from sun lamp irradiation of bis-(2,2’-carboxyphenyl) disulfide (11) failed to ab- 
stract hydrogen from acetic acid or a n  electron from acetate anion, and irradiated I1 failed to undergo intramolecular hydrogen 
or electron transfer. On irradiation, I1 was reduced to  thiosalicylic acid I by ethanol and 2-propanol, and compound I was 
oxidized to  I1 by acetone. Pinacol appeared to  be the major product of oxidation of 2-propanol by di-n-butyl disulfide 
and nf reduction of acetone by thiosalicylic acid Disulfide I1 was not reduced under our conditions by t-butyl alcohol, diiso- 
propyl ether, isoprop) 1 acetate, benzene, toluene, chloroform and lactic acid, but appeared to  be reduced by ethyl lactate, 
leading to  ethyl pyruvate. The course of these reactions IS discussed. 

I n  the course of our study of the exchange of 
diphenylniethyl radical, produced from azo-bis- 
diphenylmethane, with diphenylmethane, we have 
observed? catalysis of this process by thiophenol 
by the reversible process 1. Conditions were 

a 
(C6Ha)2CH. + CGH;SH (CGHI)?CHB + C ~ H S S .  (1) 

b 

found under which approximately half of the di- 
phenylmethyl radicals which became free reacted 
with mercaptan (reaction la) before dimerizing 
or reacting with thiyl radical, while approximately 
one-fourth of the thiyl radicals so formed abstracted 
a-hydrogen from solvent diphenylmethane (re- 
action lb)  before dimerizing or reacting with di- 
phenylmethyl. It seemed desirable to review and 
investigate hydrogen transfer reactions of mercap- 
tans and thiyl radicals. 

Mercaptans are oxidized by a variety of reagents, 
including organic free radicals, the first product 
normally isolated being the disulfide. The tran- 
sient thiyl radicals may, before entering into radi- 
cal combination processes, act as hydrogen ab- 
stracting agents. Thiyl radicals, formed by re- 
action of 2-cyano-2-propyl radicals with mer- 
captans, oxidize 9,10-dihydroanthracene to a 
derivative of 9,9’-di~~nthranyl,~ an aliphatic azo 
compound to an azine,4 and a disubstituted hy- 

(1) T o  whom inquiries should be addressed. 
(2) C. H. Wang and S. G. Cnhen, THIS JOURNAL, 79, 1924 (1957). 
( 3 )  P. Bruin, A. F. Bickel and  E. C. Rooyman, Rec. Irav. chim.,  71, 

(1) A. F. Bickel and  I?. C .  Knoyman, N o t e r r ,  170, 211 (1952). 
1115 (1952). 

drazine to an aliphatic azo c ~ m p o u n d . ~  They 
may also abstract hydrogen from the carbonyl 
carbon of aldehydes, catalyzing their decarbonyla- 
tion,6 leading in this case to chain reactions. 

The disulfides are also very reactive, undergoing 
rupture of the S-S linkage under acidZaOb and 
basicia,c catalysis and by radical dissociation.8a,h 
The dissociation into thiyl radicals may be thermal, 
a t  elevated teniperature,gJ and this may be facili- 
tated by radical-type  initiator^,^^ or it may be in- 
duced by light. Diisoamyl disulfide, presumably 
acting by formation of thiyl radicals, aromatize.; 
tetralin and ionene, gb and diphenyl disulfide aroma- 
tizes’O tetralin and other hydroaromatics a t  260’ 
and is reduced by cyclohexene a t  140’. The 
photolysis of disulfides initiates the polymeriza- 
tion of styrene,” catalyzes the addition of mer- 
captans to olefins12 and converts diphenyl- 
methane to tetraphenylethane.2 Disulfides in 

( 6 )  M. Okawara, 3. Chent.  SOC. Japan, 68, 142 (1955); C. A , ,  SO, 
4012 (1956). 

(6) (a) E, F. P. Harris and W. A. Waters, Natzwe, 170, 212 (1952); 
(h) K. E. J. Barrett and W. A. Waters, Disc. Faraday SOC., 14,  221 
(1963). 

(7) (a) A. P. Ryle and F. Sanger, Biochem. J . ,  60,  536 (1965); (b) 
R .  E. Benesch and R. Benesch, THIS JOURNAL, 80, 106G (1958); (c) 
A. Fava, A. Iliceto and E. Camera, i b i d . ,  79, 833 (1957). 

( 8 )  (a) G. Leandri and A. Tundo, Ann.  chi7n. (Rome) ,  4 4 ,  f13 (l9:4!; 
(b) 11. 2. Lecher, Sc ience ,  140, 220 (1954). 

(9) (a) A. Schonberg, E. Rupp and W. Gumlich, Ber. ,  6 6 ,  1932 
(1933); (b) J. J. Ritter and E. D. Sharpe, THIS J O U R N A L ,  69, 2351 
(1937). 

(10) M. Nakasaki, J .  Chem. SOC. JaDan, 74, 403, 518 (1953). 
(11) T. Otsu, J .  Polymer Sci . ,  21, 569 (196G). 
(12) h l .  S. Kharasch, W. Nudenberg and T. H .  hfeyer, J. Org. 

Chrm.,  18, 1233 (1933). 


