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The decomposition of N-(»-butyl)-N-nitroso-trimethylacetamide in pentane in the presence of an excess of diazoethane 
yielded diazobutane and ethyl trimethylacetate. This result and other evidence indicate tha t the decomposition of nitroso-
amides of primary carbinamines (RCH2N(NO)COR') involves the following steps in sequence: rearrangement to a diazo-
ester (RCH 2 N=N—OCOR') , cleavage to a diazoalkane (RCHN2) and an acid, and recombination to form the corresponding 
ester and nitrogen. A similar sequence is proposed for N-nitroamides of primary carbinamines. 

The nitrosoamide decomposition is a general 
method for the conversion of aliphatic amines into 
esters and olefins.2 Other investigations3 '4 have 

N = O 
I 

R - N H 2 •—> R—N—C—R' > 
Il 
O 

path O 
r o - | — > Ii 

t| a R - O - C—R' + N2 
_ R _ N = N — O — C — R ' J (1) 

I path 
*• R'CO2H + N2 + 

b olefins (corresponding to 
R) 

shown tha t the diazoester I is an intermediate in the 
reaction and tha t it is formed in the rate-determin
ing step. The diazoester decomposes to form car-
boxylic esters whether R N H 2 is a primary carbin
amine,2 '6 a secondary carbinamine4 '6 or a ter t iary 
carbinamine7; however, the mechanism of the 
ester formation differs markedly depending on the 
type of the amine. Huisgen5 and Streitwieser8 have 
recently presented evidence indicating t ha t diazo-
alkanes are intermediates in the decomposition of 
nitrosoamides of primary carbinamines; our work 
confirms this mechanism for the reaction. 

In polar solvents, diazoesters I of pr imary car
binamines react by both intermolecular and intra
molecular paths, e.g., the decomposition of N-(«-
butyl) - N-nitroso - 3,5 - dinitrobenzamide in acetic 
acid yielded both butyl acetate and butyl 3,5-
dinitrobenzoate.2 The intramolecular pa th leading 
to the lat ter ester is most likely tha t established for 
diazoesters of secondary carbinamines.9 

I — > [RN2© 6O2CR'] — > N8 + [Re GO2CR'] — = • 
II I I I 

RO2CR' (2) 

In non-polar solvents, steps involving carbonium ion 
character are unfavorable and the reaction proceeds 

(1) Taken in part from a thesis submitted by Carl A. Aufder
marsh, Jr., to the faculty of the Graduate School of Yale University in 
partial fulfillment of the requirements for the Ph.D. degree. Pre
sented in part, before the Division of Organic Chemistry at the 130th 
Meeting of the American Chemical Society, Atlantic City, N. J-, Sep
tember 18, 1956. 

(2) E. H. White, THIS JOURNAL, 77, 6011 (1955); E. H. White, 
ibid., 76, 4497 (1954). 

(3) R. Huisgen and H. Reimlinger, Ann., 699, 261 (1956). 
(4) E. H. White, THIS JOURNAL, 77, 6014 (1955). 
(5) R. Huisgen and H. Reimlinger, Ann., 699, 183 (1956.1. 
(6) R. Huisgen and C. Riichardt, ibid., 601, 21 (1956). 
(7) Unpublished work of R. R. Johnson. 
(8) A. Streitwieser and W. D. Schaeffer, THIS JOURNAL, 79, 2893 

(1957). 
(9) E. H. White and C. A. Aufdermarsh, Jr., ibid., 83, 1179 (1961). 

via an a elimination instead (eq. 3). The diazo 
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derivative can be isolated from the decomposition 
of compounds such as ethyl N-acetyl-N-nitroso-
glycinate10; on the other hand, the isolation of diazo-
alkanes from the nitrosoamide reaction of non-con
jugated primary carbinamines is not possible by 
ordinary techniques because of the speed of the di-
azoalkane-carboxylic acid reaction. Indirect evi
dence consistent with their formation as interme
diates was obtained from two reactions involving 
compounds labelled with oxygen-18. The decom
position of N-(w-hexyl)-N-nitroso-2-naphthamide 
(carbonyl 0-18) in hexane and also in dioxane yielded 
hexyl naphthoate with completely equilibrated 
oxygens, results consistent with the diazoalkane 
mechanism. 
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In contrast, nitrosamides of secondary carbinamines, 
which decompose by the mechanism of equation 2, 
yield esters containing more than one-half of the 
0 - 1 8 in the carbonyl group.9 In the second 0 - 1 8 
reaction examined, the concurrent decomposition 
outlined in equation 5 gave 1-hexyl 2-naphthoate 
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containing almost tha t amount of oxygen-18 to be 
expected if both esters were formed from a common 
pool of naphthoic acid. 

Direct evidence for the formation of diazoalkane 
intermediates was obtained from competition re
action 6. 

Nitrosoamides of primary carbinamines are quite 
stable and a competition reaction with the rather 
unstable diazoethane normally would be out of the 
question. However, Huisgen3 has shown recently 

(10) Ref. 2 and unpublished work of R. Baumgarten. 
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that a-substitution on the acyl portion of the nitro-
soamide markedly increases the rate of decomposi
tion. The compound selected, N-(«-butyl)-N-
nitroso-trimethylacetamide (IV) proved quite satis
factory for our study of the reaction, since in pen
tane at room temperature the rate of decomposition 
of IV exceeded the rate of thermal decomposition of 
diazoethane. Qualitatively it was shown that the 
reaction proceeded as written (eq. 6); diazobutane 
was isolated and characterized as the 3,5-dinitro
benzoate ester. Quantitative data were obtained 
with the aid of gas-liquid chromatography. AIi-
quots of the reaction mixture were analyzed directly 
for the butyl and ethyl esters of trimethylacetic 
acid. Aliquots were also treated with acetic acid 
and analyzed for the acetate esters formed from 
the diazobutane and diazoethane present. The 
separation of pentane, ethyl acetate, acetic acid, 
ethyl trimethylacetate, butyl acetate and butyl 
trimethylacetate on the column was good, and 
suitable tests were run to insure the validity of the 
analytical data (experimental section). The final 
results are given in Table I. 

TABLE I 

REACTION PRODUCTS ( M M O L E S ) FROM THE DECOMPOSITION 

OP N-(»-BUTYL)-N-NITROSOTRIMETHYLACETAMIDE (FROM 

6 37 MMOLES OF THE AMIDE)" IN THE PRESENCE OF D I 

AZOETHANE (45 MMOLES) 
Reaction time 

Products 13 hr.6 20 hr. 

CH3CHN2 (as ethyl acetate) 24= 16 
C3H7CHN2 (as butyl acetate) 4.0= 2 .9 
Ethyl trimethylacetate 4 .8 4 .8 
Butyl trimethylacetate 0.18 0.17 

" Losses in the preparation of the nitrosoamide presum
ably account for the difference between the molar amounts 
of the amide used and the trimethylacetate esters found. 
b The nitrosoamide had completely reacted during this time 
interval. " In an independent check, titration of the re
action mixture after 13 hr. gave a value of 29 mmoles of 
diazoalkane. 

At the end of the reaction, the trimethylacetate 
moiety was found in the form of ethyl trimethylace
tate (96%) and w-butyl trimethylacetate (4%). 
The latter value puts an upper limit of 4% on any 
intramolecular decomposition path for IV (e.g., 
equation 2); the remainder of the nitrosoamide de
composes to form diazobutane and trimethylacetic 
acid. Actually the figure of 4% is undoubtedly high 
since near the end of the reaction, the pool of 
diazoalkanes was rich in diazobutane (ca. 15%). 
Part of the butyl trimethylacetate was certainly 
formed by recombination of diazobutane and the 
acid, and a value for the intramolecular reaction 
closer to zero is probably more correct. Diazo

butane (as butyl acetate) was found to the extent of 
63% based on the amide. The losses occurring dur
ing the preparation of the nitrosoamide, the thermal 
decomposition of the diazobutane and the forma
tion of olefin during the diazoalkane-carboxylic 
acid reaction (estimated as 15% on the basis of the 
nitrosoamide reaction2) account for the remaining 
37% of the amide. 

The nitrosoamide reaction of primary carbina-
mines results in partial isomerization of the alkyl 
residue.2 In view of the steps involved (eq. 1 and 
3), it is probable that this isomerization occurs in 
the reaction of the diazoalkane with the carboxylic 
acid. Consistent with this view is our observation 
that the reaction of diazoisobutane with 3,5-dinitro-
benzoic acid in dioxane leads to the formation of 
sec-butyl 3,5-dinitrobenzoate (5%) and tert-h\ity\ 
3,5-dinitrobenzoate (1%) in addition to the isobutyl 
ester (94%)."-1 3 

N-Nitroamides.—Nitroamides are also thermally 
labile,2'14 and it is probable that the nitroamides as 
well as the nitrosoamides of primary carbinamines 
react via a-elimination and recombination. 
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The following 0-18 results and the isomerization 
data,2-14 while not providing direct evidence for IX, 
are consistent with its formation as a reaction inter
mediate. For the 0-18 work, VIII was prepared 
by an independent route. 
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The reaction of 2-naphthoyl chloride-0-18 with 
the silver salt of N-nitro-1-hexylamine yielded N2O 
containing 0.0 atom % excess 0-18 and 1-hexyl 2-
naphthoate in which the label was distributed 
equally between the two oxygen atoms. In this 

(11) We wish to thank D. W. Grisley, Jr., for this experiment. 
(12) Extensive isomerization has been observed by L. E. Hellerman 

and R. L. Garner (THIS JOURNAL, 67, 139 (1935)) for reactions of 2,2,2-
triphenyldiazoethane. 

(13) The fact that isomerization is observed suggests that the reac
tion of diazoalkanes with carboxylic acids is not completely concerted, 
even in non-polar solvents. A discussion of the mechanism for this 
reaction has been given by J. D. Roherts, W. Watanabe and R. E. 
McMahon (THIS JOURNAL, 73, 760, 2521 (1951)). 

(14) E. H. White and D. W. Grisley, Jr., ibid., 83, 1191 (1961). 
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reaction the silver salt was not acylated on nitrogen 
since this would have yielded VII, a compound 
stable under the reaction conditions used; none was 
detected.14 

Experimental16 

Oxygen-18 Analyses.—These are reported in detail 
elsewhere.9 

N-( l-Hexyl)-2-naphthamide-018.—2-Naphthoyl chloride-
O " was prepared by refiuxing 7.0 g. (40.7 mmoles) of 2-
naphthoic acid-0 IS (1.325, 1.343 atom % excess oxygen-18) 
in thionyl chloride (15 ml.) with a drop of pyridine for 2 hr. 
After removal of the excess thionyl chloride in vacuo, 
the residual acid chloride was dissolved in anhydrous ether 
and added slowly to an ice-cold solution of 1-hexylamine 

10.2 g., 101 mmoles) in anhydrous ether. After standing 
or 10 minutes, the mixture was washed successively with 

water, dilute hydrochloric acid (twice), 5 % sodium bicar
bonate and water. The dried ether solution was concentrated 
in vactw. After two recrystallizations from 550 ml. of a 
10:1 hexane-ether mixture and drying, 7.50 g. (73%) of 
N-(l-hexyl)-2-naphthamide-0" (1.326, 1.342 atom % 
excess oxygen-18), m.p. 104-105.5°, was obtained. The 
infrared spectrum was identical with that of an analytically 
pure sample of unlabelled N-(l-hexyl)-2-naphthamide (m.p. 
106.0-106.7°) prepared by the Schotten-Baumann method. 

Anal. Calcd. for C17H2iNO: C, 79.98; H, 8.29; N, 5.49. 
Found: C, 80.13; H, 8.20; N, 5.51. 

1-Hexyl 2-Naphthoate.—Equimolar amounts of 2-naph-
thoyl chloride and 1-hexanol were refluxed in pyridine for 
3 hr. After cooling, pentane and water were added and the 
layers separated. The pentane phase was washed succes
sively with water (6 times), 1 TV potassium hydroxide and 
then water. The oil which remained after removal of the 
pentane in vacuo was evaporatively distilled at 70° and 0.07 
mm. to give 1-hexyl 2-naphthoate, m.p. 21.5-22.2°, n25D = 
1.5597, »3 5-5D = 1.5554. 

Anal. Calcd. for C17H20O2: C, 79.64; H, 7.86. Found: 
C, 79.77, H, 7.81. 

N-(l-Hexyl)-N-nitroso-2-naphtliamide-carbonyl-018.— 
A solution of 7.0 g. (27.5 mmoles) of N-(l-hexyl)-2-naph-
thamide-O18 (1.326, 1.342 atom % excess oxygen-18) in 
230 ml. of carbon tetrachloride was added in a slow stream 
to a stirred mixture of dinitrogen tetroxide18 (2.8 ml., 44.2 
mmoles) and dry sodium acetate (6.75 g., 82.5 mmoles) in 50 
ml. of carbon tetrachloride. The temperature was main
tained at —5 to 0° in an ice-salt bath. After 30 minutes 
of stirring, the mixture was poured into ice water and the 
phases separated. The yellow organic layer was washed 
twice with 5 % sodium bicarbonate, dried briefly over cal
cium chloride and concentrated in vacuo without heating. 
The residue was virtually pure N-(l-hexyl)-N-nitroso-2-
naphthamide-carbonyl-O18 (7.43 g., 95%) in the form of 
bright yellow crystals, m.p. 38.5-40° dec. Reerystalliza-
tion from hexane at —80° yielded crystals melting at 40.5-
41.5° dec. 

Anal. Calcd. for C17H20N2O2: C, 71.83; H, 7.11; N, 
9.86. Found: C, 72.05; H , 7.00; N, 9.98. 

Decomposition of N-(l-Hexyl)-N-nitroso-2-naphthamide-
carbonyl-O-18. (A) In Hexane.—N-( 1-Hexyl )-N-nitroso-
2-naphthamide-carbonyl-O18 (1.00 g. 3.52 mmoles) (from 
amide containing 1.326, 1.342 atom % excess 0-18) was dis
solved in 3.4 liters of hexane containing 10 g. of suspended so
dium carbonate. The mixture was stirred vigorously for 24 
hr. at 46-59°, after which time the yellow nitrosoamide color 
had disappeared. After concentration to 1 liter, the mix
ture was filtered to remove the sodium naphthoate-sodium 
carbonate residue. Removal of the hexane in vacuo left 
a red oil which was evaporatively distilled at 55-100° and 
0.1 mm. The middle fraction was chromatographed on 
Woelm neutral alumina to give 525 mg. (58%) of 1-hexyl 
2-naphthoate-018 whose infrared spectrum was identical 
with tha t of an analytically pure sample of the unlabelled 
ester. Acidification of the sodium salts (above) gave 0.142 
g. (23.4%) of 2-naphthoic acid. 

A sample of the ester (300 mg., 1.17 mmoles) was re
duced by adding its ether solution dropwise with stirring 

(15) Analyses were by the Scbwartzkopf Microanalyses! Labora
tory, Woodside 77, N. V. 

(16) E. H. White, THIS JOURNAL, 77, 6008 (1955). 

to 7.0 ml. of 1.1 M lithium aluminum hydride in ether. 
The mixture was stirred for several hours and allowed to 
stand overnight. The excess hydride was destroyed by 
the careful addition of 2 ml. of ice water to the ice cold 
reaction mixture. The precipitate was dissolved by the 
addition of 2.5 ml. of 10% sulfuric acid. The layers were 
separated and the aqueous layer was extracted with ether. 
The ether extracts were combined, washed with 5 % sodium 
bicarbonate and water, dried and concentrated in vacuo 
leaving a pale yellow oil which was evaporatively distilled; 
crude 1-hexanol-O18 distilled at 30° and 20 mm. leaving 2-
naphthylcarbinol-O18 as the residue. After drying over 
Drierite, the hexanol-1-O18 was evaporatively distilled at 
40° and 18 mm. to give a pure sample (28.3 mg.), which con
tained 0.647 atom % excess oxygen-18 and which had an 
infrared spectrum identical with that of authentic, pure 1-
hexauol. The 2-naphthylcarbinol-0 l s was sublimed at 
60-80° and 0.1 mm., recrystallized twice from 5 ml. of 
2:3 ethanol-water and resublimed to give the pure carbinol 
(55.7 mg.), m.p. 80.3-81.7° (lit. 80-80.5°).» I t contained 
0.567, 0.566 a tom% excess oxygen-18. 

The net loss of label (0.12 atom % excess 0-18 from the 
amide to the alcohols) is attributed to the use of 10% 
sulfuric acid after the lithium aluminum hydride reduction. 
Since the 1-hexanol contained one-half of the 0-18 present 
in the amide within experimental error, it is quite certain 
that complete equilibration of the 0-18 occurred in this ex
periment. 

(B) InDioxane.—N-(l-Hexyl)-N-nitroso-2-naphthamide-
carbonyl-O18 (1.00 g., 3.52 mmoles) (from amide containing 
1.326, 1.342 atom % excess 0-18) was dissolved in 100 ml. of 
dioxane containing 4.0 g. of sodium carbonate. The mix
ture was stirred vigorously at 47-60° for 26 hr. after which 
time the reaction mixture was colorless. The sodium salts 
were removed by filtration. Ether (100 ml.) and water 
(300 ml.) were added to the filtrate. After agitation and 
separation, the ether layer was washed each of five times 
with 100 ml. of water. The aqueous washings were com
bined and extracted with two 75 ml. portions of ether. The 
latter ether washings were in turn washed twice with water 
and combined with the original ether extract. After drying, 
the ether was removed in vacuo to give the crude ester as a 
light brown oil. This was evaporatively distilled to give 
0.560 g. (62.3%) of pure 1-hexyl 2-naphthoate-O18 (0.656, 
0.661 atom % excess oxygen-18), W26D = 1.5595. The 
infrared spectrum was identical with that of an analytically 
pure sample. 2-Napthoic acid (0.135 g., 23%) was ob
tained by acidification of the sodium naphthoate-sodium 
carbonate residue. 

The ester was cleaved with lithium aluminum hydride as 
described in part A except that cold sulfuric acid was used 
and the contact time was kept to a bare minimum. A 
6 8 % yield of 1-hexanol-O18 was obtained (0.637, 0.642 atom 
% excess oxygen-18), M2S°D = 1.4147; lit.18 «ffiD = 1.4162. 
The infrared spectrum was identical with that of an authen
tic sample of 1-hexanol. An 82% yield of pure 2-naphthyl-
carbinol-O18 (0.654, 0.648 atom % excess oxygen-18), m.p. 
81.5-83.5°, was obtained. Within experimental error, 
both carbinols contained the same amount of oxygen-18. 

N-Ethyl 2-naphthamide.—This amide was prepared by 
the reaction of 2-naphthoyl chloride with a twofold excess 
of ethylamine in ether. After working up by the procedure 
described for the hexyl derivative, N-ethyl-2-naphthamide, 
m.p. 133.5-134.7°, (lit.18 129-131°), was obtained by re-
crystallization from 2:1 hexane-chloroform. 

Ethyl 2-naphthoate.—2-Naphthoyl chloride was refluxed 
with a twofold excess of ethanol in pyridine. The crude 
ester, which was isolated by ether extraction and water 
washing, was evaporatively distilled and recrystallized 
four times from pentane at —80° to give ethyl 2-naphthoate, 
m.p. 37.5-38.2°, «36-BD = 1.5890 (supercooled); lit.20 

m.p. 32°, re"-7D = 1.5951 (presumably supercooled); 
« » ° D = 1.5732. 

N-Ethyl-N-nitroso-2-naphthamide.—This compound was 
prepared in 8 5 % yield from the amide by the procedure de
scribed for the preparation of N-(l-hexyl)-N-nitroso-2-
naphthamide-carbonyl-O18. I t melted at 63.0-64.8° after 
recrystallization from pentane at —80°. 

(17) E. Bamberger and O. Boekmann, Btr.. 20, 1118 (1887). 
(18) J. F. Norris and F. Cortese, THIS JOURNAL, 49, 2644 (1927). 
(19) H. L. Wheeler, Am. Chem. J., 23, 135, 147 (1900). 
(20) "Elsevier's Encyclopedia of Organic Chemistry," Vol. XIIB, 

Elsevier Publishing Co., New York, N. Y., 1953, p. 4031. 
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Anal. Calcd. for C11H12N2O2: C, 68.40; H, 5.30; N , 
12.28. Found: C, 68.39; H, 5.47; N , 12.32. 

The Concurrent Decomposition of N-(l-Hexyl)-N-nitroso-
2-naphthamide-carbonyl-0-18 and N-Ethyl-N-nitroso-2-
naphthamide.—A crude azometric rate study showed that 
N-(l-hexyl)-N-nitroso-2-naphthamide rearranged ca. 1.5 
times faster than N-ethyl-N-nitroso-2-naphthamide in di-
oxane at 55°. A mixture of 2.25 g. (7.93 mmoles) of N-
(l-hexyl)-N-nitroso-2-naphthamide-carbonyl-018 (1.33 atom 
% excess oxygen-18) and unlabelled N-ethyl-N-nitroso-2-
napthamide (1.20 g., 5.28 mmoles) was decomposed at 55° 
in 370 ml. of purified dioxane in the presence of 14.5 g. of 
anhydrous sodium carbonate. A mixture of 1-hexyl and 
ethyl naphthoates was obtained by the standard work-up 
procedure. Evaporative distillation partially separated 
the two esters. All attempts to purify the ethyl ester failed. 
However, the crude 1-hexyl ester was purified by chroma
tography, a second distillation and ten recrystallizations 
from pentane at —80°. Analysis of the pure material 

m.p. 20.9-21.9°, W^-'D = 1.5557; pure ester prepared 
rom the alcohol melted at 21.5-22.2°) gave values of 0.466, 

0.460, 0.462 atom % excess oxygen-18. 
Assuming that both nitrosoamides rearranged at the same 

rate, the theoretical 0-18 value would be 0.400 atom % 
excess oxygen-18 if the reaction were completely intermolecu-
lar and 0.665% if the reaction were completely intramolecu
lar. Since, in fact, N-(l-hexyl)-N-nitroso-2-naphthamide 
rearranged faster and was used in 50% excess, the true 
theoretical "intermolecular value" would be somewhat 
higher. The observed value (0.46%) shows that the re
action is largely, if not completely, intermolecular. 

Trimethylacetyl Chloride.—The acid chloride was pre
pared from the redistilled acid (b.p. 88-90° at 20 mm.) and 
benzoyl chloride by the method of Brown21; it was stored 
in sealed vials. 

Esters of Trimethylacetic Acid.—The ethyl ester was 
prepared by the addition of the acid chloride to an excess of 
ethanol and isolation by standard procedures, b.p. 120-123°; 
n21D = 1.3929 (lit.22 b .p . 118-118.2°; W18D 1.3922). 

Anal. Calcd. for C7H14O2: C, 64.58; H, 10.84. Found: 
C, 64.46; H , 10.86. 

The butyl ester was similarly prepared, b .p . 161-163°; 
W21D 1.4050 (lit.23 b .p . 156°; « 1 7 ' 6 D 1.4051). 

Anal. Calcd. for C9H18O2: C, 68.31; H, 11.47. Found: 
C, 68.58; H, 11.30. 

The vapor phase chromatograms showed only a single 
peak for each ester. 

N-(«-Butyl)-trimethylacetamide.—A 2 M solution of tri
methylacetyl chloride (1 part) in ether was slowly added to 
3 M solution of »-butylamine (3 parts) in ether a t —20°, 
and the product was isolated by standard procedures; 
b.p . 93° a t 0.02 mm., m.p. ca. 25°. 

Anal. Calcd. for C9H19NO: C, 68.80; H, 12.08; N , 
8.92. Found: C, 68.86; H, 12.04; N, 9.06. 

N-Nitroso-N-( »-butyl) -trimethylacetamide.—This unsta
ble nitrosoamide was prepared by a modification of the pro
cedure reported earlier.16 A solution of the amide (1.0 
g.) in dry methylene dichloride (15 ml.) was cooled to 
— 75°. Nitrogen tetroxide (2 ml.) , anhydrous sodium 
acetate (3 g.) and anhydrous sodium sulfate (2 g.) were 
added and the mixture was placed in a bath at — 25°; a blue 
color developed. After 15 minutes, the excess nitrosating 
agent and part of the solvent was removed at —20° in 
vacuo. A purer product is obtained by this procedure 
since the hydrolysis of the nitrosating agent in the subse
quent step would be quite exothermic and difficult to con
trol. Cold ether was added to the residue and the solution 
(lemon-yellow in color) was washed in turn with dilute solu
tions of sodium chloride, sodium carbonate and sodium 
chloride a t ca. —5°. The solution was dried (Na2SO4) 
and the solvent was removed a t —30° in vacuo (some prod
uct was lost here by volatilization) to yield the oily nitro
soamide. The infrared spectrum (taken rapidly) showed 
that nitrosation was complete (no amide band at 6.1 ix, 
a characteristic nitrosoamide band at 5.9 M, and in addition, 
characteristic changes in the fingerprint region of the 
spectrum). 

(21) H. C. Brown, T H I S JOURNAL, 60, 1325 (1938). 
(22) H. OIsson, Z. physik. Chem., 133, 234 (1928). 
(23) L. Kahovic and K. W. F. Kohlrausch, Monalsh., 74, 104 

(1942). 

The nitrosoamide had a decomposition half-life of ca. 1 
hr. at 25° in hydrocarbon solvents and from small scale 
runs, 55-80% of M-butyl trimethylacetate was isolated. 

Diazoethane.—The procedure of Adamson and Kenner** 
was used for the synthesis of 2-methyl-2-(N-nitroso-
ethylamino)-4-pentanone; 30-40% yields were obtained. 
A modification of their procedure for the preparation of di
azoethane was used. An excess of pure pentane was kept 
in the reaction vessel, the reaction vessel was maintained 
at 25°, and the nitrosoamine in pure pentane was added 
slowly (ca. 1 mole/hr.) . The system was connected to the 
vacuum line through the receiver which was held at —75° 
and the pressure was adjusted to permit partial condensation 
and return of the pentane from the 0° cold finger (a pressure 
of 300 mm. was usually used). Yields of diazoethane of 
ca. 50% were obtained. The most prominent band in 
the infrared spectra of the pentane solutions was at 4.85 
Ii ( C = N = N ) . The concentration of diazoethane was 
determined by back-titration of an aliquot added to an ex
cess of benzoic acid in dry ether. Concentrations obtained 
in this way are probably ca. 15% low since we can estimate 
from the nitrosoamide rearrangement2 that ca. 15% of 
ethylene will be formed in this reaction (regenerating ben
zoic acid). 

Decomposition of N-(M-Butyl)-N-nitroso-trimethylacet-
amide in the Presence of Diazoethane. (A) Isolation of 
Diazobutane.—A freshly distilled 0.5 M solution of diazo
ethane in pentane (36 ml., 18 mmoles) was added to the 
nitrosoamide prepared from 1.0 g. (6.4 mmoles) of the amide. 
The solution was kept in darkness a t 25° for 5 hr. in a flask 
equipped with a Dry Ice condenser and protected with 
Ascarite tubes. An additional fourteen ml. of the diazo
ethane solution (7 mmoles) was then added and the solu
tion was allowed to stand for an additional 18 hr. Rough 
fractionation yielded 

Fraction 1, 25° at 300 mm. 
Fraction 2, 25° at 0.1 mm. (ca. 1 g.) 
Fraction 3,100° at 0.1 mm. (1.3 g.) 
Residue (0.1 g.) 

Fraction 1 was reacted with a solution of 3,5-dinitrobenzoic 
acid in ether. The infrared spectrum of the product indi
cated largely ethyl 3,5-dinitrobenzoate (the spectrum was 
compared with that of ester prepared from ethanol and the 
acid chloride). Recrystallization gave 40% of the pure 
ester, based on the diazoethane used. In a few runs, which 
were discarded, the diazoethane concentration rapidly 
dropped to zero for unknown reasons. 

Fraction 2 contained a small amount of ethyl trimethyl
acetate (infrared spectrum); however, the major component 
was diazobutane. The infrared spectrum contained the 
expected band a t 4.85 /a. When an ether solution of 3,5-
dinitrobenzoic acid was added, nitrogen was evolved and 
the orange color disappeared. The ester isolated from this 
reaction (0.29 g., 1.1 mmoles, 17% for the three-step path 
from the amide) was essentially pure M-butyl 3,5-dinitro
benzoate, m.p . 60-63°. A comparison of the infrared 
spectrum with the spectra of the pure compounds showed 
that , a t best, only a few per cent, of the ethyl ester was 
present. Recrystallization from heptane yielded the pure 
ester, m.p. 62-63° (lit.25 64°). 

Fraction 3 was a crude mixture of the ethyl and butyl 
esters of trimethylacetic acid and many by-products from 
the decomposition of the diazoalkanes. Chromatography 
on alumina and distillation yielded fairly pure samples of 
the esters, identified by infrared spectra and vapor phase 
chromatograms. 

(B) Quantitative Run.—1 g. (6.37 mmoles) of N-(»-
butyl)-trimethylacetamide was nitrosated and the product 
was isolated at —10° as a yellow oil; its infrared spectrum 
indicated that complete nitrosation had occurred. Pure 
pentane (30 ml.) and 0.82 M diazoethane in pentane (55 
ml., 45 mmoles) were added and the solution was filtered 
through anhydrous sodium sulfate into a flask equipped 
with a Dry Ice condenser and protected with tubes filled 
with Ascarite. The flask was kept in darkness at 20°; 
after 13 hr., the infrared spectra indicated that the nitro
soamide was completely decomposed. Aliquots were 
periodically removed for gas-liquid chromatographic analy
ses. From each aliquot, a 20M 1. sample was removed and 

(24) D. W. Adamson and J. Kenner, J. Chem. Sot., 1554 (1937). 
(25) E. H. White, THIS JOUHNAL, 77, 6081 (1955). 
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TABLE II 

VAPOR PHASE CHROMATOGRAPHY" 

Peak height X retention time (minutes) values for the components of the reaction CH3CHN2 + C 4 H B N ( N O ) C O C ( C H 3 ) S 
Time zero 13 b hours 20 hours 

Reaction Sample plus Reaction Sample plus Reaction Sample plus 
Component sample CHsCOiH sample CH3CO2H sample C H I C O J H 

CHsCHN2 (as ethyl acetate) d 77.6 52.0 
C3H7CHN2 (as butyl acetate) d 25 .5 18.5 
Ethyl trimethylacetate c d 29.7 29.3 
Butyl trimethylacetate c d 1.77 1.73 

a Perkin-Elmer Fractometer, Column A (1 meter; dioctyl phthalate), T — 124°, helium carrier gas at 15 lb./in.2 b The 
nitrosoamide was completely decomposed at this point. c Peaks corresponding to these components were found in the 
initial reaction mixture subjected to analysis. d In addition to these peaks, one for trimethylacetic acid was found a t 6.9 
min. and one for acetic acid at 2.0 min. 

analyzed on a Perkin-Elmer Fractometer. A slight excess 
of acetic acid was then added to the remainder of the aliquot 
and 2011 1. samples were then analyzed. The separation 
of the constituents was clean in both cases. The retention 
times (in minutes) under the conditions listed in Table II 
were: pentane (0.42); ethyl acetate (1.05); acetic acid 
(2.0); ethyl trimethylacetate (2.5); butyl acetate (3.4); 
and butyl trimethylacetate (8.3). The pentane used had 
in addition to the major peak, a small pip at 1.6 min. The 
pentane solution of diazoethane had a shoulder at 1.25 
min., probably a mixture of heptanes from the car bene 
reaction (72-heptane, 1.3 min.), and in addition a band at 
1.9 min. The chromatograms of the reaction mixture con
tained, in addition to these peaks, very small pips at 3.5 
min., 5.0 min. and 5.8 min. 

The ester concentrations were determined by comparing 
peak height X retention time values (Table II) with those 
of mixtures of the pure esters. The following controls 
were run: (A) butyl trimethylacetate plus acetic acid gave 
only the two normal peaks on chromatography—butyl 
acetate was not formed on the column. (B) A standard 
mixture of the four esters was added to an excess of diazo
ethane in pentane and the mixture was kept in darkness 
for 24 hr. The initial ratio of peak heights for ethyl ace
tate, ethyl trimethylacetate, butyl acetate and butyl 
trimethylacetate was 8.7/0.70/1.0/0.12 and the final 
value was 8.5/0.71/1.0/0.11, showing that the esters are 
stable to diazoethane, (C) a mixture of butyl trimethyl
acetate and diazomethane when analyzed on the Frac
tometer gave no methyl trimethylacetate, i.e., there is no 
reaction of the esters with diazoalkanes on the column. 

The Reaction of Diazoisobutane with 3,5-Dinitrobenzoic 
Acid. (A) Reaction at 25°.—Diazoisobutane in ether was 
prepared by the method of Redemann.26 To this ether 
solution (ca. 0.005 M) at 25° was slowly added a 0.05Af 
solution of 3,5-dinitrobenzoic acid in ether. The solution 
was washed with dilute sodium hydroxide, dried and evapo
rated. The residue was sublimed (100° and 0.5 mm.) 
to yield isobutyl 3,5-dinitrobenzoate containing 1.5% of 
sec-butyl 3,5-dinitrobenzoate. (The method for the de
termination of isomers is given in ref. 14.) 

(B) Reaction at 80°.—Diazoisobutane in dioxane was 
prepared by the method of Adamson and Kenner.24 This 
solution (ca. 0.1 M) at 25° was added below the surface 
of a 1 Af solution of 3,5-dinitrobenzoic acid in pure dioxane 
maintained a t 80°. The product was isolated as described 
above; it contained 5 % of the secondary isomer and 1% of 
the tertiary isomer. 

The Reaction of 2-Naphthoyl Chloride-O-18 with the 
Silver Salt of N-Nitrohexylamine .—Ethyl N-(l-hexyl)-
N-nitrocarbamate was prepared by the method of Curry 
and Mason,27 W26D 1.4468. 

(26) C. Redemann, et at., "Organic Syntheses," Coll. Vol. I l l , John 
Wiley and Sons, Inc., New York, N. Y., p. 246. 

(27) H. M. Curry and JT. Mason, THIS JOURNAL, 73, 5043 (1951). 

Anal. Calcd. for C3H18N2O4: C, 49.51; H, 8.33; N, 
12.83. Found: C, 49.62; H, 8.36; N, 12.93. 

N-Nitro-1-hexylamine was prepared in 90% yield by 
the saponification of the nitrocarbamate as described by 
Curry and Mason,« b .p . 90-92° at 0.5 mm., »25D 1.4590 
(lit.29 re25D 1.4593). 

Anal. Calcd. for C6H14N2O2; C, 49.29; H, 9.65; N, 
19.17. Found: C, 49.34; H, 9.78; N, 19.27. 

The nitroamine was titrated with 0.1 N sodium hydroxide, 
and a slight excess of silver nitrate was added to the solu
tion of the sodium salt. The white microcrystals which 
formed were filtered and dried at 0.1 mm. and 80° for 12 
hr. 

A solution of 2.00 g. (10.4 mmoles) of 2-naphthoyl chlo-
ride-O-18 (1.321, 1.342 atom % excess 0-18, as determined 
by the analysis of a sample of 2-naphthamide prepared from 
it) in 40 ml. of carbon tetrachloride was added dropwise 
with stirring to a slurry of the silver salt of N-nitro-1-
hexylamine (3.04 g., 12.0 mmoles) in 15 ml. of carbon 
tetrachloride. The nitrous oxide formed was carried by a 
stream of nitrogen through a condenser, a dry ice t rap, 
an Ascarite filled drying tube and then collected in a sample 
tube cooled in liquid nitrogen. The nitrogen was then 
pumped from the sample (still cooled in liquid nitrogen) 
and the nitrous oxide was analyzed in a mass spectrometer. 
I t contained 0.0 atom % excess 0-18 (the average 46/44 
ratios for this N2O and tank N2O were 2.02 X 10 ~3 and 2.03 
X 10~3, respectively). After 3 hr. of stirring at 25°, the 
reaction mixture was filtered, and the cloudy filtrate clari
fied by washing it with 5 % sodium thiosulfate. It was 
then washed with water and 5 % sodium bicarbonate, dried 
and concentrated at 20 mm. The residue, which consisted 
of 2-naphthoic anhydride, 1-hexyl 2-naphthoate and 
N-nitro-1-hexylamine (the infrared spectrum showed no 
N-( 1-hexyl)-N-nitro-2-naphthamide) was treated with hex-
ane and filtered to remove the anhydride. The hexane 
solution was chromatographed on neutral Woelm alumina 
and the ester was eluted with 5 % ether-95% hexane. 
I t was then distilled to give l-hexyl-2-naphthoate (0.51 g., 
1.98 mmoles, 19%), the infrared spectrum of which was 
identical with that of an analytically pure sample. The 
ester was cleaved as described above for the ester obtained 
from the N-nitrosoamide with the exception that the sul
furic acid treatment was not used; instead, the solid ob
tained by destroying the excess lithium aluminum hydride 
with water was triturated thoroughly with ether to remove 
any adsorbed product. An 8 1 % yield of 2-naphthyl-
carbinol-O-18, m.p. 81.2-82.6° (lit.17 80-80.5°), contain
ing 0.673, 0.663 atom % excess 0-18 was obtained in addi
tion to a 6 3 % yield of l-hexanol-O-18 containing 0.667, 
0.668 atom % excess 0-18. The recovery of oxygen-18 
was good, and within experimental error, the two alcohols 
contained the same amount of 0-18. 

(28) H. M. Curry and J. Mason, ibid., 73, 5041 (1951). 
(29) J. W. Bruhl, Z. physik. Chem., 22, 390 (1897). 


