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duced. The specificity of this reaction for morphol- 
ine and piperidine has already been ~ b s e r v e d . ~  

While all of the evidence cited supports the 
aminonitroethylene structure, there is another pos- 
sible structure which should be considered. If re- 
action occurred in the aromatic nucleus rather 
than on the nitrogen atom,5 the product would be a 
4-alkylarnino-8-nitrostyrene (IV) . Since aromatic 
amines are known to undergo nuclear substitution 

W C H = C H ~ N H R  

IV 

by carbonyl compounds under acidic conditions, 
the production of this type of compound is not im- 
possible. However, three pieces of evidence argue 
against this formulation. First, the infrared spec- 
trum of the materials obtained show no bands at- 
tributable to  an S H  group. No NH group is pres- 
ent in the aminonitroethylene structure (11) but 
there is one in the nitrostyrene structure (IV). 
Secondly, alkaline hydrolysis of the product of the 
nitromalonaldehyde - methylaniline reaction pro- 
duced methylaniline, the product to be expected 
from the aminonitroethylene, and not p-methyl- 
aminobenzaldehyde, the hydrolysis product of the 
nitrostyrene, Finally the ultraviolet spectrum of 4- 
dimethylamino-p-nitrostyrene, a good model of the 
nitrostyrenes, has been measured6 and is quite dif- 
ferent from the spectra of the products obtained in 
this study: A,,, 262, 435 mu; emax. 10,250, 28,500 
respa (This nitrostyrene is bright red as compared 
to the yellow products obtained here.) 

&In interesting feature of the infrared spectra of 
all these compounds is the complete absence of any 
band in the 1500-1600 cm-I region which might be 
assigned to the nitro group. A similar situation has 
been encountered with the infrared spectra of 0- 
amino-+%unsaturated ketones' in which the car- 
bonyl frequency was lowered considerably. This 
lowering was attributed to the contribution of 
structiircs such as V to  the ground state of the 

a3 
V 

molecule. In  the present case a similar structure 
(VI) may be written for the aminonitroethylenes. 

R iG =CH-CI-I=X€t, 

0 
R2N=CI€-CH=NO, 

VI 

The contribution of structures such as VI to the 
ground state of the aminonitroethylene molecule 
renders unambiguous assignment of the 1625 cm-' 
band impossible. It may be associated with the 
carbon-carbon double bond or a carbon-nitrogen 
double bond. A detailed spectroscopic study of com- 

(5) This popsibility was suggested by a referee. 
(6) Drain and Wilson, ,I. Chem. Soc., 767 (1949). 
(7)  Croniwell, Miller, Johnson, Frank, and Wallace, J .  

Am. C h m i .  Soc., 71, 3337 (1941)) 

pounds containing this unique structural unit has 
been made and will be reported.* 

EXPERIMENTAL 

1 -( hT-PhenyLN-methy1amzno)-9-nitroethylene. A solution of 
5.4 g. (0.05 mole) of N-methylaniline in 17 ml. of 3 N hy- 
drochloric acid was added all a t  once to a solution of 8.3 g. 
(0.053 mole) of sodium nitromalonaldehydeg in 50 ml. of 
water. The mixture was warmed on the steam-bath to hasten 
the separation of a brown oily product. When separation was 
complete (30-60 minutes), the mixture was cooled and ex- 
tracted with 50 ml. of benzene. This extract was dried over 
sodium sulfate and then was treated with Norit to give a 
yellow solution which was concentrated to 20 ml. Addition 
of petroleum ether to this solution while it was immersed in 
an ice-bath caused crystallization of the product; yield 
4.3 g. (48%),10 m.p. 93-94'. Recrystallization from ben- 
zene-petroleum ether gave an analytical sample, m.p. 
93.5-94.5O. 

Anal. Calc'd for C~H~ONPOZ:  C, 60.67; H, 5.62; N, 15.73. 
Found: C, 61.10; H, 5.72; N, 15.57. 

When dissolved in 10% sodium hydroxide, this compound 
liberated methylaniline. 

1-( N-Phenyl-N-ethylamino)-2-nitroethylene. Using the same 
procedure 4.8 g. (0.04 mole) of N-ethylaniline and 6.4 g. 
(0.04 mole) of sodium nitromalonaldehyde produced 2.3 g. 
(3O%)lO of the corresponding aminonitroethylene, m.p. 
63-65' (from ether). 

Anal. Calc'd for C I O H ~ ~ N ~ O ~ :  C, 62.50; H, 6.25; N, 14.58. 
Found: C, 62.66; H, 5.90; N, 14.49. 

The reaction was also carried out using N-propylaniline 
and N-butylaniline. I n  both cases reaction occurred but the 
oily products could not be induced to crystallize. 

Infrared and ultraviolet spectra. The infrared spectra were 
measured as Nujol mulls on a Perkin Elmer Model 21 in- 
frared spectrophotometer with a rock salt prism. The ultra- 
violet spectra were measured in absolute ethanol with a 
Beckman DK-1 ultraviolet spectrophotometer. 
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infrared interpretations, and to  Dr. W. D. Em- 
mons for carrying out several of the experiments. 
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(8) Freeman and Emmons, J. Am. Chem. SOC., In  Press 
(9) Fanta, Org. Syntheses, 32, 95 (1952). 
(10) These experiments were carried out before the 

course of the reaction and thus its stoichiometry had been 
established. After the identity of the aminonitroethylene 
had been established, an experiment was made using a 2:  1 
ratio of amine to aldehyde and the formanilide was isolated. 
Thus the yields reported here do not represent a mnvimum 
as the amount of amine employed was insufficient. 
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Much biological interest has been expressed in 
the glucuronides of salicylic acid, but no characteri- 
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zation or synthesis of the compounds have been re- 
ported. The available evidence suggests that there 
exist a t  least two such metabolites in which the 
ratios of glucuronic acid to  salicylic acid are two 
and one respectively. There are countercurrent' 
and chemical'" indications of two glucuronic acid 
conjugates in human urine; however, only one such 
conjugate has been detected in the doglC and this 
appears to  be linked through the phenolic hydroxyl 
group. &uicklb has reported the isolation of a crys- 
talline product, which reduced Benedict's solu- 
tion, from the urine of one dog which had been fed 
salicylic acid but failed to  characterize the sub- 
stance. Repeated attempts to duplicate his experi- 
ment in this laboratory have been unsuccessful. 

Reported here is the synthesis of the glucuro- 
nide of salicylic acid (I) coupled through the phe- 
nolic hydroxyl group. The synthesis was accom- 
plished by the basic hydrolysis of methyl (o-carbo- 
inethoxyphenyl 2,3,4-tri-O-acetyl-P-~-glucopyrano- 
sid)uronate (11:) which was prepared by the con- 
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densation of methyl l-brorno-2,3,4-tri-O-acetyl-a- 
D-glucuronate? and methyl salicylate. Evidence 
for the retention of structure during the basic hy- 
drolysis was obtained by resynthesizing I1 from I 
by methylation with diazomethane followed by 
acetylation. 

The mode of synthesis suggests that the glyco- 
sidic linkage of I is the Both compounds I 
and I1 gave negative ferric chloride tests, but 
after mild acid hydrolysis the tests became positive 
which is evidence that the phenolic hydroxyl is in- 
volved in the glycosidic bond. 

(1) ( a )  Galimard, Bull. SOC. chim. biol., 26, 185 (1944); 
(b) Quick, J .  Biol. Chem., 97,403 (1932); (e) Alpen, Mandel, 
Rodwell, and Smith, J .  Pharmacol., 102, 150 (1951). 

(2) (a) Technicd Bulletin JN-2, Corn Products Refining 
Company, Chemical Division, 17 Battery Place, New York 
4, N. Y.; (b) Goebel and Babers, J .  Biol. Chem., 111, 349 
(1935). 

(3) Hiiehner, K:ir,iala, Sullivan, arid Link, J .  Ani. Chem. 
Soc., 66,  906 (1044). 

Arrendondo, et aL4 have reported the synthesis 
of the intermediate I1 by the fusion of methyl 
(1,2,3,4- tetra- 0-acetyl-~-~-glucopyranosid)uronate 
with methyl salicylate in the presence of p-toluene- 
sulfonic acid. The compound which they obtained 
had the melting point 176-178" and [a]: +35.7", 
while the compound which we have prepared melts 
a t  111.5-113' and has [a]g -41.8" (e ,  6, chloro- 
form). They reported no analysis but stated that 
the number of acetyl and methyl groups was deter- 
mined. Following their procedure we have been 
able to  isolate only the starting material, methyl 
(1,2,3,4 - tetra - 0 - acetyl - /3 - D - g1ucopyranosid)- 
uronate with melting point 178". 

A study of the possible interference of I with the 
fluorometric determination of salicylic and sali- 
cyluric acids in urine and plasma has shown that 
it does not fluoresce and therefore does not inter- 
fere.5 

There is also reported here the synthesis of 
methyl (salicyloyl 2,3,4-tri-O-acetyl-fi-~-glucopy- 
ranosid)uronate which is the triacetylated methyl 
ester of the glucuronide of salicylic acid coupled 
through the salicylic carboxyl group. This was pre- 
pared from methyl l-bromo-2,3,4-tri-O-ncetyl-a- 
D-glucuronate and silver salicylate and gavc a 
positive ferric chloride test showing a free phenolic 
group. We have been unsuccessful in converting 
this compound to the simple glucuronide. 

EXPERIJIEKTSL~ 

Methyl (0-carbomethoxup 1 2,3,4-tii-0-ucet?~l-8-n-glucu- 
pyrunosid)uronate. (11). A ture of 12.0 g. (0.03 mole) 
of methyl l - b r o m o - 2 , 3 , ~ t r ~ - ~ - ~ c ~ t y ~ - ~ - ~ - g ~ u c u r o i i a t ~ e , ~  9.1 g. 
(0.06 mole) of methyl salicylate, and 15 ml. of isoquinoline 
was ground together in a mortar with a pcstle while cooling 
the mortar in an ice-bath. To this mixture 7.62 g. (0.033 
mole) of freshly prepared silvcr oxide s-as added in small 
portions with continuous mi ling. Aftcr complete addition 
mixing was continued for 20 minutes and thc resulting vis- 
cous mixture was allowed to stand in a desiccator for two 
hours and then was cvtractcd with 200 ml. of ether in several 
portions. The ethereal extract n-as ~vashcd x i th  water, dried 
over sodium sulfate, and concentrated; and the residual oil 
was extracted with ligroin (11.p. 60-110") to remove the 
isoquinoline and excess methyl salicj-late, dried in vacuo to 
remove traces of ligroin, and dissolved in 150 nil. of 95% 
ethanol. The product was precipit,ated by thc addition of 
small portions of ice arid water and was crystallized from 
dilute ethanol. Yield, 8.0 g .  (57%); m.p. 111.5-113"; 
[a]*; -41.8" ( c ,  6, chlorofoi~n). 

Anal .  Calc'd for C 2 I H 2 4 0 1 : :  C, 53.84; 14, 5.16; Stiponifica- 
tion equivalent, 03.7. Found: C, 54.28; 11, 5.09; Saponifica- 
tion equivalent, 91.3. 

The compound givcs a negative ferric chloricle test arid 
does not reduce Fehling's solution. Thc ferric chloride test is 
positive after warming in 6 N hydrochloric acid. 

0-Carboxyphcnyl 0-u-ylucopyranositluronic acid (I). A 

(4) Arredondo, Paul, and Routh, Proc. Toirxz. Acad.  Sci., 
61, 217 (1954). 

(5) Truitt, Jr . ,  LIorgan, and Little, J .  - 4 7 ~  Phami. rlSsoc., 
44, 142 (1955). 

(6) All melting points arc corrected. Analyses by 
Schwarzkopf Microanalytical Laboratory, 56-10 37th 
Avenue, Woodside 77, Xcw York. 
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mixture of 3.0 g. (0.0064 mole) of methyl (u-carbomethoxy- 
phenyl 2,3,Ctri-O-acetyl-~-~-glucopyra1iosid juronate (I1 j, 
3 ml. of ether, 8.16 g. (0.0354 mole) of hydrated hnriuni 
hydroxidc, and 225 ml. of boiled deionized water was shaken 
for 15 hours and filtered. The filtrate was warmed to 50" and 
saturated with carbon dioxide; the tiarium carbonate \vas 
filtered and the filtrate was concentrated in vacuo to about 
100 nil. Thc barium salts of acetic acid and the glucuronide 
\\-ere Ixwipitntcd 1,; the addition of several volumes of 
ahsolute ethanol, filtered, and dissolved in the minimum 
volume of cold w:tter. The Iinrium was precipitated as the 
sulhtc with 4 S sulfuric acid and centrifuged ( p H  3).  The 
supcrnaiit  xis conceiitrntetl in cucuo to :LIjout, 10 ml., treated 
ivith 40 nil. of acetone 2nd t i l t e d .  Tho filtrate \vas con- 
eentr:itcd :It rducc:tl pressure, arid the gummy residue was 

illizctl fioiii :in :ic~etone-ether mist,urc. \iield 1.0 g. 
1; n1.p. 145~-l-!fio ((1.j: [a]': -75.9' ( e ,  6, water). The 

materi:tl is solut)lc in \\-:iter, docs imt rotluce Fehling's or 
Tolltsn'a ;-.olutitjti :It ~ ' ~ o i i i  tcnip(~r:rtuw, :t11(1 gives :t negative 
test ~vitli i'ci,ric c~hlor~iile. 

Ilrcn/. C':tIc.'ti for CidTT,,O:,: C, 49.W; 11, 4.49; Equiv:tlent 
weight, 157 nig./iii. eq. Fouritl: C, 49.Gl : IT, -$.TO: Equiv:tlcnt 
11-eight, I(i0 ing.,'m. eq. 

7'hc conwrsion os I lo 11. .4 aolutiori of' 2.64 g. (0.0084 
mole) of I in 15 nil. of methanol W:LS cooled in ice to 0" and 
ethercd di:tzonieth:rnc7  vas added until the yellow color 
peraisied. The excess diszomethanc was dcstroyctl with :I 
drop of x c t i c  arid :i~itl the colorless solution concen- 
trated t,o ~l :~ynws :It reduced pressure. The residue was tlis- 
~ ( ~ l v e d  in 15 nil. of pyridine and cooled to O " ,  wncl 8.0 g. of 
wetic. :tiiiiy(lride m x s  :itftled. The re:tct,ion mixture al- 
ion ctl to n w m  to 30" :tiid was maintaiticd thcre until the 
esothcrniir~ rcwtion ~ - : I P  complete. Then it \vas heatcd :tt 
80" for thrw miiiutt ntl poured int,o 100 g. of crushed ice. 
The gum \vhich scpr:itcd \vas extracted n-ith two 50-ml. 
portiom of c~tlicr, :incl t ti(. cthere:d extract W:E \vtislicd, clriccl 

xliuin ~u1f':it t', ;r!itl c~oiicentratctl. Thc residual oil \vas 
cryat:tllizeti from :iqueous ethanol. >-ie!cl 2.0 g. (6ti%); n1.p. 
111.5-11:lo. \Vlit!ii iiiisetl ni th  nuthetitic niethyl (o-carl)o- 
nicthosyphenyl 2,:3,4- tri-O-:mtyl-[? - D- 
uron:tt(J (I1 ) the melting point I T ~  not t l ( p  

ztrotiatP.5 A mixture of 12.0 g. (0.03 mole) of'nieth~-ll-)Jromo- 
-~-r)-gluc.uronnte? anti 9 nil. of isoquirioliiic 
her in n mortar nith :L l)c*tle, while cooling 

ice-Iiatli, anti 7.8 g. (0.03 mole) of silver 
dccl in smdl  portions ivith continuous mix- 
ete ttddition mixing \vas contiiiued for 20 

niinutcms, :tiid the resulting mixture was nllowed to stand in :t 
c1esicc:i toy for tivo hours :md was extracted continuously 
with 500 nil. of rt1ic.r for 15 hours. The ether c?rtrnct w i s  
conccntmtcd :mtl tlio residue  vas -tailizetl from 050/, 
ettinnol. Yield, 8.6 g. (63%); m.p. 1G8.5-1GOo; [a]': -31.9" 
( c ,  6, chloroform). An :ilcoliolic solution gives :i mldidi- 
I)i,owri color nit11 fcrric cliloriclc~. 

.lnui. Calc'd For C:l"!T&lr: c, 52.80: I T ,  -1.8s. Founcl: 

Jlethyl (s(zlic,//zoi/E B,3,~-ii.i-o-accl~l-p-l~ 

c, 52.9-k: 11, 1.90. 

('7) ihndt ,  Org. Syntheses, Coll. T'ol. 11, 165 (1043). 
(8) Arredondo, et al. (Ref. 4) have reported the synthesis 

of this conipourid (n1.p. 166-170') but have reported no 
andysia. The m:ignitude of the rotatiori ( [ a ]  $82.5) 
:Lgrces \r.ith that reportcci hcre. 
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In the course of other work in these laboratories 
we had the occasion t,o prepare some derivatives of 
5-hydroxy-l-1iaphthylamine. Since no further work 
with these compounds is planned in the immediate 
future it seems appropriate to report their prepa- 
ration now. 

N 
H' 'Rz 

I It, = 
I1 I11 = 
TI1 It1 = 
I V  R, = 
T' R, = 
V I  R, = 
irII Ri = 

It; = H 

5--\cetarnidonaphthol (I) was etherified with n- 
hexyl bromide using the Claiseii method.2 The 
homologous ethyl ether (111) was prepared by the 
saiiie method. Ether I1 was hydrolyzed t o  the amine 
IT', which was acylated with ethyl chloroformate to  
give Y. 

AAcylatioii of the unsubstituted 5-hydroxy-l- 
1i:iphthylamiiie (VI) with ethyl rhloroformate 
yielded the diacyl product VII. 

EXPERIMEST,\L 

l - ' l c c t a m i d o - j - n - ~ ~ ~ o ~ ~ ~ ~ a ~ h ~ ~ ~ ~ ~ e n ~  (11): Ai solution of 10 
g. ( 4 2 0 )  of 5-ac~ctamido-l-nq~lithol (1)s in 100 ml. of 
methyl ethyl ketone, 7.5 g. (slight excess) of anhydrous 

ium carbonate, and 8.75 g. (slight excess) 
of n-hexyl bromide was refluxed (oil bath 110") with me- 
chanical stirring for 10 hours. After cooling t,he inorganic ma- 
terial w : ~  separated by suction filtration; 12.15 g. (85%) of 
thc ethcr crystallized from the solution, m.p. 155-158". The 
residue from the mother liquor u-as added to the inorganic 
material and \vas extracted with ethyl acetate. After washing 
the ethyl acetate solution with an ice cold 4% sodium hy- 
droxide solution and water and drying Tvith sodium sulfate a 
second small crop was obtained. Ilecrystallization from 96% 
ethanol after treatment wit,h Xorit yielded colorless hexag- 
onal platelets, m.p. 157-168'. 

Anal .  Calc'd for C18H23X02: C, 75.76; I€, 8.12; N, 4.91. 
Found: C, 75.60; H, 7.99; Y, 5.04. 

I -Ace tun~ido-~- i -e tho~y~a~htha~enc  (111). In a similar way, 
2 g. ( m / l O O )  of I was refluxed on a steam-bath during 4.5 
hours with 1.5 g. of potassium carl)onate and 1.7 g. of ethyl 
iodide in 50 ml. of acetone. The solvent was distilled off under 
reduced pressure and the residue was ext,racted n i th  ethyl 
acetate and water. The ethyl acetate solution was extracted 
threc times with an ice cold 4yo sodium hydroxide solution 
\vit,h water :md then was dried with sodium sulfate. After 
acidification Tvith dil. hydrochloric acid, -100 mg. of starting 
material (needles, m.p. 176-177") was recovered from the 

(1 ) Present address: Department of Chemistry and 
Chemical Engineering, University of California, Berkeley 4, 
California. 

(2) Houben-Wey1, .Ilcthoden de, Organzschen Chemie, Vol. 
111, 3rd cd., p. 144, G. Thienie, Leipzig, 1030. 

( 3 )  ~ . ~ ~ c i , ~ t t  :ln(i ~ i i ( ~ l t ,  .I ~~I~~~~~ so( , 7x7 ( ~ 9 3 0 ) .  


