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TABLE 11. REDUCTION OF NITROSYRENES 
I--\ A 

I V  V 

R RI Rz Form u 1 a M.P.5 

IVa H OH C&O CsHsNO, 162-164' 
IVb H CHjO HO CsHsNO, 169. 
IVO CH3 CHaO HO CiaHnNO, 101-103 
Va H HO CH30 CyHl,NOz.HC1 206-207d 
Vb H CHsO HO CsHlaN02.HCl 213-214' 
VC CH3 CH30 HO CioHibNOz.HC1 262-263 

Recryst.' Yield, Calcd., % 
Solvent % (G.) C H  

Found, % 
C H  

A 87(17) 55.38 4.65 
A 83(16.5) - - 
A 70(14.5) 57.41 5.30 
B SO(6.8) 53.19 6.93 
B SO(6.8) - - 
B 50(5) 55.17 7.41 

55.53 4.65 
55.43 4.20 
57.38 5.28 
52.80 6.64 
53.08 6.93 
55.10 7.24 

All melting points are uncorrected. Reported5 1n.p. 161-162". c 166-168", d 206-207", e 213-214'. 7 A = ethanol, 
B = methanol-ethyl acetate. 

a colorless solution resulted. This solution was filtered to 
remove catalyst, the catalyst was washed with 100 ml. of 
hot water, and this added to the filtrate. To this clear solu- 
tion, concentrated hydrochloric acid was added until the 
pH was 6.5; then it was heated on a water bath to 70' and 
more acid added to pH 3. The white precipitate was allowed 
to cool to room temperature. The white solid IIa was col- 
lected on a filter; 13 g. (80% yield), m.p. 164-166". It was 
recrystallized once from dilute ethanol, map. 169-170'. 

~-Methoxy-4-hydroxyphenylalani~e hydrochloride (IIIa). 
To 300 ml. of dilute hydrochloric acid (1  : 3) was added 10 g, 
of IIa and this mixture was refluxed for 3 hr. (after 1 hr. 
solution was complete). When the mixture was cooled 3.1 g. 
of henaoic acid cryntalliaed. It was removed by filtration. 
The clear filtrate was treated as in 1110, yielding 8 g. (80% 
yield), m.p. 200' dec. The product waa recrystallized once 
from ethanol-ether, map. 210" dec. 

a-Meth yl-3-methox:y-C-hydroxy-a-nifrostyrene ( IVc). A 
mixture of vanillin (15.2 g., 0.1 mole), ammonium acetate 
(8 g.), nitroethane (25 g., 0.33 mole) and 80 ml. of glacial 
acetic acid was refluxed for 2 hr. The mixture was then 
poured into 1 1. of ice cold water. After cooling overnight 
gave a yellow crystalline product. It was collected on a filter 
and recrystallized from 50 ml. of ethanol, map. 101-103." 
The yield was 14.5 g. (70%). 

u-Xeth&%( 3-melhoxy-4-hydroxyphenyl)ethylamine hydro- 
chloride (Vr). In a Sohxlet thimble was placed 10.5 g. (0.05 
mole) of IVc which waB extracted into a well-stirred suspen- 
sion of 5 g. of lithium aluminum hydride in 500 ml. of dry 
ether. When the reaction was complete (72 hr.), there was 
slowly added 600 ml. of ice cold 1.5N sulfuric acid. The 
aqueous layer was separated and the pH adjusted to 6 with 
solid lithium carbonate, and the mixture was then filtered. 
The clear filtrate was heated to  70' and a hot solution of 14 
g. of picric acid in the minimum amount of ethanol was 
added. The mixture was cooled, whereupon the crystals 
which separated were collected and dissolved in 200 ml. of 
boiling water. To this hot solution was added 40 ml. of concd. 
hydrochloric acid. Cooling the solution gave picric acid 
which was collected. Then the filtrate was extracted three 
times with 100-ml. portions sf nitrobenzene and twice with 
100-ml. portions of ether. The aqueous portion was con- 
centrated under vacuum until crystals formed. Recrystalliza- 
tion from methanol-ethyl acetate yielded 5 g. (50% yield) of 
white plates, m.p. 262-263'. 

Acknowledgment. I am indebted to Dr. R. B. 
Barlow for valuable discussions and suggestions. I 
am also indebted to Dr. J. W. Minnis (Department 
of Biochemistry) for microanalyses. 
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In a previous article,' the N-acetylation of D- 
ribosylamine (in water) with acetic anhydride was 
described. Two other acylation procedures have 
now been studied. In the first, an aqueous solution 
of D-ribosylamine (RNHn) was treated with an 
acyl chloride in the presence of excess magnesium 
oxide, according to Equation 1. 
RNH2 + RlCOCl + 0.5 MgO + 

RNHCORl + 0.5 MgClz + 0.5 HzO (1) 
I. Ri = OCzHs 

11. Ri = CH&1 
111. R, = CHClz 

In  the second procedure, an N-substituted amino 
acid (prepared according to Equations 2 or Equa- 
tion 3) was converted to a mixed anhydride (by 
Equations 4), and this anhydride was condensed 
with D-ribosylamine (Equation 5) in water: 
HCOiH + (CH&O)LI + 

HCO-O-COCHS + CHaC02H (2a) 

HCO-0-COCHa + HzNCHRzCOzH + 
HCOXHCHRiC02H + CHaC02H (2b) 

IV. Rz = H 
V. R2 = CHa ( L  form) 

CaHsCHzOCOCl + HN( RB)CH&OzH + 
C6H&H?OCON(R~)CH&O~H + HCI (3) 

VI. R) = H 
VII. Rs = CHI 

R,C02H + (C4HshN + R4CO0-(C4HdaNH+ (4a) 

(1) The work described herein was completed prior to 

(2) Present address: Division of Physical Chemistry, 

(3) Present address: Esso Research and Engineering Coo, 

June21,1957. 

National Bureau of Standards, Washington 25, D. C. 

Linden, N. J. 
(4) R. S. Tipson, J, Org. Chtm,, 26,2462 (1961)b 
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RaC00'( C4Hp)aNH + + ClCOiCpHs -3 

&CO-O-CO&SH6 + (CIHI)aNH+Cl- (4b) 

€&CO--O-CO&~Hs 4- RNHi -+ 
RjCONHR + CzHrOH + COS (5) 

VI11 and IX. R, = HCONHCHR2 
X and XI. FL, = C~H&H~OCON(R~)CHZ 

For compounds X and XI, the N-benzyloxy- 
carbonyl group was then removed by catalyzed 
hydrogenolysis, giving XI1 and XIII, respectively. 

HN( Rn)CH&ONHR 
XII. R, = H 
XIII. fZI = cEI# 

The condensation of D-ribosylamine with N- 
formylglycine CIV) afforded a 2-formamido-N-n- 
ribosylacetamide monohydrate (VIII), the D- 
ribosyl residue of which was shown, by periodate 
oxidation, to have the pyranoid structure. Since 
the acetylation of D-ribosylamine has previously 
been shown4 to afford pyranoid derivatives, it is 
probable that the D-ribosylamine used is D-ribo- 
pyranosylamine and that all the N-acyl derivatives 
thereof that are here described are D-ribopyranosyl 
derivatives. Furthermore, from their optical rota- 
tions, it seems likely that all of them are p-anomers. 

Occasion is also taken to describe the preparation 
of 2-deoxy-2- (2-f ormamidoacetamido)-~-glucose. 

EXPERIMENTAL' 

Ethvl N-n-ribosylcarbamate ["N-~-ribosylurethccn" I (I). 
In  a 250-ml., three necked flask (standard-taper joints, 
stirrer, pentane thermometer, and pressure-equalizing drop- 
ping funnel) were placed 100 ml. of distilled water and 2.5 g. 
of finely powdered magnesium oxide. The mixture was 
cooled to 1.5', with stirring, in an ice-salt bath. D-Rib& 
sylamined (7.5 g.) was now added, with cooling and stirring, 
and 3 min. thereafter, dropwise addition of ethyl chloro- 
formate (4.8 ml.) was started from the dropping funnel; 
the addition was completed during 5 rnin., the temperature 
being kept at 0.5'. After the suspension had been stirred 
for a further 30 min. a t  this temperature, the cooling bath 
waa replaced by an ice bath, and stirring was continued 
for 15 min. The bath was now removed and, with continued 
stirring, the temperature was allowed to rise to room tem- 
perature during 2 hr. The suspension was immediately filtered 
with suction, the excess magnesium oxide being quickly 
washed with aqueous washings of the flask, stirrer, and ther- 
mometer. The filtrate and washings were combined and 
immediately passed (fairly rapidly) through a column 
(200 ml.) of an anion-cation, mixed-bed resin (Amberlite 
MB-3), with elution with distilled water. Six 100-ml. por- 
tions of effluent were collected within 40 min. and were 
immediately evaporated to  dryness under diminished 
pressure a t  30°, affording colorless crystals which were 
dried a t  0.1 mm. in the same apparatus; wt., 8.8 to 9.5 g., 
in four different preparations. For purification, the crystals 
were treated with a mixture of absolute ethanol (1 volume) 

and acetone (2 volumes), swirled, stoppered, refrigerated 
overnight, filtered with suction (rubber dam), and dried 
in the vacuum desiccator (Desiguard) at 0.1 mm.; yield, 
5.5 g., m.p. 172-174', [a]': -21.9' (c, 1.075 in water; 
unchanged after 17 hr. at 21'). 

A d .  Calcd. for C&,NOB: C, 43.43; H, 6.84; N, 6.33; 
OCQH~, 20.37. Found: C, 43.31; H, 6.76; N, 6.15; OC:Hr, 
19.82. 

bChloro-N-D-ribosyhcehmide ( N-chhoacetyl-D-ribosyL 
amine) (11) .  The previous experiment was repeated, except 
that 4 ml. of chloroacetyl chloride was the acylating agent. 
After removal of the excess magnesium oxide, the solution 
was passed through a column of 250 ml. of Arnberlite MB-3 
and eight 100-ml. portions of effluent were collected. These 
were combined, evaporated to  dryness below 3O0, and the 
resulting colorless sirup waa dried at 0.1 mm.; wt., 8.3 g. 
Addition of absolute ethanol (1 volume) gave colorless 
crystals; a further 9 volumes of absolute ethanol was added, 
the suspension was swirled and filtered, and the colorless 
crystals were dried: wt., 3.6 g., m.D. 17&172O, [UIY 
--15.5" (c, 0.997 in water). 

Anal. Calcd. for CIHIICINOB: C. 37.26: H. 5.36: C1. 
15.71; N, 6.21. Found: C,-37.46;H, 5.72; C1,'15.11; N, 6.04: 

d,I-Dichloro-N-D-ribosylaeetamide (111). The experiment 
was repeated, but with 4.9 ml. of dichloroacetyl chloride aa 
the acylating agent. After filtration and passage through 250 
ml. of Arnberlite MB-3 resin,@ eight 100-ml. portions of 
effluent were collected; evaporation to  dryness afforded 8.4 
g. of colorless gum. Treatment with absolute ethanol (42 
ml.) gave 2.7 g. of colorless crystals, m.p., 16&162'. The 
compound readily decomposes, but cautious washing with 
cold methanol raised the m.p. to 177-178" (softening at 
175'); [a]2-12.5' (c ,  1.041 in water). 

Anal. Calcd. for C,Hl1Cl2NO6: C, 32.33; H, 4.26; C1, 
27.27; N, 5.39. Found: C, 32.39; H, 4.55; C1, 26.06; N, 5.21. 

%Formamidoacetic acid (N-fmyZgl@/cine) ( IV) .  The 
following procedure is an improvement on that of earlier 
w~rkers.~r* Formic acid (45.5 ml. of 98%) and 112 ml. of 
acetic anhydride were mixed in a wide-necked, 250-ml. 
Erlenmeyer flask to  which was immediately attached a re- 
flux condenser (Drierite tube); the mixture ( A ) ,  which 
evolved heat, was kept for 90 min. before use. About 20 
min. before the elapse of this time, glycine (37.6 g.) was 
placed in a 500-ml., round bottomed flask, 35 ml. of 98% 
formic acid was added, and the suspension waa heated in a 
boiling-water bath, under reflux, until the glycine had dis- 
solved (15 rnin.); the resulting pale yellow solution was 
cooled to room temperature, affording a pale yellow sirup 
to which was added solution A,  and the flask was im- 
mediately placed under a reflux condenser (Drierite tube). 
The solution became warm and gas bubbles formed; after 
the solution had been kept overnight under the condenser, 
about half the volume consisted of colorless crystals which 
weie filtered with suction (rubber dam), pressed dry, washed 
with two 25-ml. portions of acetone, and dried in the vacuum 
desiccator (Desiguard) a t  0.1 mm.; wt., 18.1 to 21.8 g., m.p. 
153-155' (softening a t  144"; crystallized on cooling). The 
mother liquor and washings were united and cautiously 
evaporated to  dryness under diminished pressure a t  50°, 
giving a mass of colorless crystals which, on being stirred 
with 100 ml. of ethyl acetate, afforded a further 14.2 g. of 
colorless crystals having the same properties as the first 
crop. The mother liquor was evaporated to dryness and the 
resulting yellow gum was dissolved in 250 ml. of water; 
the solution was kept overnight a t  room temperature and 
then evaporated to  dryness, giving a pale yellow, crystalline 

(6 )  In  this preparation, the mixed-bed resin was cau- 
tiously backwaahed with 50% aqueous acetone (so that the 
two resins did not separate to give two layers) and the same 
solvent waa used BS the eluant. 

(7) E. Fischer and 0. Warburg, Ber., 38,3997 (1905). 
(8) E. Biilmann, K. A. J e m n ,  and H. B. Xensen, Bull, 

( 5 )  Analyses by Mr. C .  E. Childs, Research Division, 
Parke, Davis and Co., Detroit 32, Mich. The infrared ab- 
sorption spectrum (2-16p) of each of the compounds de- 
scribed waa recorded in the Department of Chemical Phye- 
ics, Mellon Institute; the spectra were particularly useful 
in foIlowing the progress of purification procedures. soc. chim. France, [5] 1 ,  1661 (1934). 
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mass which, on treatment with acetone, gave I4 g. of yellow 
crystals, m.p. 148-150'. Crude material (18.0 g,) was re- 
crystallized by dissolution in boiling dioxane (12.5 volumes) 
under reflux, filtering the hot solution, and cooling to room 
temperature; wt., 14.9 g., m.p. 151-153' (lit.7,8 m.p. 151- 
152'). 

A n d .  Calcd. for CaHbNO,: C, 34.96; H, 4.89; N, 13.59. 
Found: C, 34.94; H, 4.93; N, 13.52. 

N-Fomzyl-calanzne (V). In a manner similar to the prepa- 
ration of IV, 17.8 g. (0.2 mole) of zralanine was suspended 
in 20 ml. of 98% formic acid, heated under reflux in a boil- 
ing-water bath, cooled to room temperature, and treated 
with a previously prepared mixture of 18.5 ml. of formic 
acid and 48 ml. of acetic anhydride, Evaporation to dryness 
afforded a colorleas, crystalline mass which w a ~  dried at 0.1 
mm., diseolved in 26 mi. of water in a bath a t  85", cooled, 
nucleated, and refrigerated, giving crop 1 (11.0 9.) of color- 
lese crystals, m,p. 128-130'; recrystallization from ethyl 
acetate (16 volumes) gave crop 1A (9.0 g.), m.p. 130-132", 
[CY]: -64.8" (e, 1.050 in water). The mother liquor of crop 
1 was evaporated to dryneas, and the crystalline mass waa 
dried at 0.1 mm., treated with 224 ml. of boiling ethyl 
acetate under reflux, filtered hot (thus removing 0.4 g. of 
pink impurity), and the filtrate combined with the mother 
liquor of crop 1A and evaporated to  dryness; the crystals 
were dissolved in 205 ml. of boiling ethyl acetate, and the 
mlution wss cooled and refrigerated, giving crop 2 (8.2 g,), 
m.p. 13&131', [m]Y -73.1" (e ,  1.102 in water). Presum- 
ably, crop 1A contained some of the racemate, lit.* m.p. 

Anal. Calcd. for CdH7N03: C, 41.02; H, 6.03; N, 11.96. 
Found: C, 41.19; H, 6.17; N, 12.01. 

N-Benzylozycarbonylrco&m (VII). In  a 175-ml., three 
necked flask (equipped with an electric stirrer and two drop 
ping funnels) was placed 50 ml. of 2N sodium hydroxide 
mlution and 8.9 g. of sarcosine, and the mixture WBB cooled 
in ice. With stirring, 17.1 g. of benzyl chloroformate was 
slowly added dropwise from one funnel (during 27 min.) 
while 25 ml. of 4N sodium hydroxide solution waa simulta- 
neously added from the other funnel. The mixture was stirred 
for a further 10 min. and then extracted with two 100-ml. 
portions of absolute ether, The ether extracts were dis- 
carded; the aqueous layer WBB cooled in ice, and concentrated 
hydrochloric acid was cautiously added until the solution 
was acid to Congo red paper and an oil waa precipitated 
After being kept for 1 hr., the mixture was extracted with 
three 1oO-ml. portions of absolute ether; the ether extracts 
were combiied, dried with anhydrous sodium sulfate, 
filtered, and evaporated to drynem, giving 15.2 g. of color- 
lees sirup. This waa dissolved in dry ether (2 volumes) and 
15 ml. of pentane was added dropwise to incipient opal- 
wence. On refrigeration, a first crop of colorleas crystals 
(3.8 g.) WM obtained; by similar treatment, the mother 
liquor afforded a further 10.2 g. of crystalline product. 
It had a m.p. of 58-59' (lit? map. 53-54'). 
B d .  Calcd. for CIIHIINO,: C, 59.19; H, 5.87; N, 6.28. 

Found: C, 59.52; H, 6.41; N, 6.32. 
SFsmamido-N-D-~boplyranosyEaeeiamide -hydrate (V- 

111). To 9.3 g. of tributylamine was added 5.2 g. of i?- 
formylglycine (IV) and 37.5 ml. of acetone. The solution was 
cooled to -lo in ice-salt, 4.7 ml. of ethyl chloroformate 
was added, and the solution was kept at 0" for 10 min. 
This solution waa added gradually (5 min.), with stirring, 
to a freshly prepared solution of 7.5 g. of ~-ribosylamine~ in 
75 ml. of water a t  Oo, so that the temperature did not exceed 
4'. After the solution had been stirred for a further 15 min. 
at O', gas evolution had ceaaed, the cooling bath waa re- 
moved, and the temperature was allowed to rise to room 
temperature (1 hr.). The clear, pale yellow solution was 
diluted to 200 ml. with water, rapidly passed through a 
column of 300 ml. of Amberlite MI34 rwin, and eluted with 

147-148O. 

(9) D. Bt?n-Ishai and E. Katchalaki, J. Am. Cfrem. Soc., 
74,3688 (1052). 

water. Eight 100-mI. portions of eflluent were collected; 
their optical rotations were determined, and then they were 
immediately evaporated to dryness under diminished pressure 
(bath temp., 35') and dried at 0.1 mm., giving 9.6 g. of 
colorless, glassy product which, on treatment with absolute 
ethanol (5 volumes), diasolved and then deposited 7.1 g. 
of colorless crystals. Recrystallization from boiling absolute 
methanol (100 volumes) afforded colorless crystals, m.p. 
156-157", [a]: - 15.5* (e ,  1.033 in water). 

Anal. Calcd. for C&HlrNIO~.HtO: C, 38.10; H, 6.39; N, 
11.11; HtO, 7.14; mol. wt. (anhydrous), 234. Found: C, 
38.15; H, 6.35; N, 11.04; loss on drying, 7.00; mol. wt. 
(anhydrous, in camphor), 228. 

At pH 7.2 (bicarbonate buffer) at room temperature, i t  
consumed 1.78 equivalents of periodate in 3 hr., indicating 
a pyranoid structure.10 In a more detailed study, we ob- 
tained the following results (mmoles of periodate taken up, 
mmoles of formic acid produced per mmole, and time of 
reaction): 1.74, 0.844, 10 min.; 1.83, 0.93, 30 min.; 1.89, 
0.977, 60 min.; constant thereafter. By paper c h r o m  
tography, the compound was indistinguishablell from a 
"sample of formylglycinamide riboside which is obtainable 
by treating the ribotide with wheatrgerm phosphatase." 
(The D-ribosyl residue of the natural compound has, how- 
ever, the furanoid structure; ita melting point and [a]D 
were unavailable.) 

e r - o e o ~ - ~ - ( ~ - j ~ ~ ~ ~ r n ~ ) - p g l z c c o s e .  Water (75 
ml.) was cooled to  Oo,  10.8 g. of Zamino-2-deoxy-~-glucoae 
hydrochloride and 2.2 g. of powdered magnesium oxide were 
added, and the stirred suspension was treated a t  0" with the 
mixed anhydride prepared (aa in the synthesis of VIII) 
from 5.2 g. of N-formylglycine (IV), The reaction mixture 
wm passed through a column of 500 ml, of Amberlite M B 3  
resin: and the combined eflluenta (9 x 100 ml.) were m a p  
rated to dryness, affording 5.8 g. of a mixture of gum and 
crystals. This mixture was treated with 116 ml. of boiling 
absolute ethanol under reflux, cooled, and refrigerated, 
affording a first crop of colorless crystals (3.0 g.). On re- 
crystallization from absolute methanol (60 volumes), it  
had a m.p. of 180-182', [CY]: + 74.5' (e ,  0.664 in pyridine). 

Anal. Calcd. for C~HI~NSO,: C, 40.93; H, 6.11; N, 10.61. 
Found: C, 40.70; H, 5.98; N, 10.57. 
~r( 2-Furmumi&N-mhwZp-m2e) (IX). The prep- 

aration was conducted as for the corresponding acetamide 
(VIII), except that 5.9 g. of N-formyl-calanine (V) was 
used instead of IV. There was obtained a colorless, crystal- 
line maw (6.8 g.) which, on treatment with absolute ethanol 
(2 volumes), gave 2.3 g. of colorless crystals, m.p. 194- 
195", [oTIY -53.1' (e,  1.007 in water). 

Anal. Calcd. for CeH1&Oa: C, 43.55; H, 6.50; N, 11.29. 
Found: C, 43.52; H, 6.52; N, 11.46. 

Benzyl N-(PribosylcorbamoyErneIhyl)carbamate (x). This 
preparation was conducted 88 for VIII, but 10.5 g. of N- 
(benzyloxycarbony1)glycinc (VI) was used inatead of IV, 
and the mixed-bed resin waa specially treated.sThe resulting 
colorleas crystals (16 9.) were recrystallized from absolute 
methanol (3 ~olumes); m.p. 192-193", [ala. -2.97' (e, 
1.009 in pyridine). 

Anal. Calcd. for Cx~HrnNsOv: C, 62.94; H, 5.92; N, 8%. 
Found: C, 52.54; H, 6.01; N, 8.24. 

Benzyl N-melhyGN-(D-r i~osy lba~ylmethyl )casbamatc  
(XI). The preparation was conducted m for compound X, 
except that 11.2 g. of N-( benzy1oxycarbonyl)sarcosine 
(VII) was used. The resulting colorleas crystals (12.3 9.) 
were recrystallized from absolute methanol (10 volumes); 
m.p. 207O (softening a t  205'), [a]: -2.0' (c, 1.014 in pyri- 
dine). 

(10) This determination wm made in the laboratory of 
Dr. Calvin L. Stevens (December 15,1956), to whom we are 
indebted. 

(11) Dr. John M. Buchanan, private communication, 
November 24,1956. 



NOVEMBER 1961 NOTES 470 1 

Anal. Calcd. for C l & d &  C, 54.23; H, 6.26; N, 7.91. 
Found: C, 54.57; H, 6.34; N, 7.95. 

&Amino-N-D-nh8&u%tam& (XII). The benzyl ester 
X (1.7 g.) WBB dissolved in 200 ml. of boiling absolute meth- 
anol under reflux; the solution was cooled in ice, quickly 
added to a suspension of the catalyst (1070 palladium on 
carbon) in 10 ml. of ice cold methanol in the bottle of a Parr 
hydrogenator, and hydrogenated in the customary manner. 
The suspension wm filtered and the colorleaa filtrate was 
evaporated to dryness, giving a quantitative yield of color- 
less crystals which were stirred with cold methanol and fil- 
tered; m.p. 180" dec. (eoftens at 177"), [sly -17.8' (c, 
0.956 in water). 

Anal. Calcd. for GH,NtOa: C, 40.77; H, 6.84; N, 13.59. 
Found: C, 40.81; H, 6.84; N, 13.67. 

a-(Met?t&mino)-N-D-ri%o&zc&mide (XIII). The benzyl 
ater XI (1.8 g.) was hydrogenolyeed aa for the preparation 
of XII, gi,ving 0.9 g. of colorless crystals, m.p. 182' dec. 
Recryetalhzed from absolute methanol (70 volum~), i t  
had a m.p. of 192-193', [a]? -31.9" (e, 0.094 in water). 

Anal. Calcd. for CbRl&Q: C, 43.63; H, 7.32; N, 12.72. 
Found: C, 43.78; H, 7.47; N, 12.88. 

P m ,  DAVIS AND Co.'s MULTIPLE FELLOWSHIP IN 
MEDICINAL CHEMISTRY 

MELLCIN INSTITUTE 
P ~ B U R G H  13, PA. 

(2-Carboxyethyl)sumjnic Anhydride' 

J. W. LYNN AND R. L. R O B ~ W  

R&ed April 6,1961 

Dehydration of 1,2,4butanetricarboxylic acid 
(I)1 to (2-carboxyethy1)succinic anhydride (II) 
may be effected thermally or by treatment with 
acetic anhydride, acetyl chloride, and phosgene, 
respectively. The use of ethylene dichloride as a 
selective crystallization solvent makes possible the 

C02H 
I 

H02C-C&CH&HCHZ- COZH 
I 

HO~C-CH~CH~CH-C' 

$0 
I1 

isolation of I1 in high yield and purity from hitherto 
intractable residues. 

That the anhydro acid possesses the succinic 
structure, 11, rather than the isomeric glutaric 
structure, 111, is indicated by comparison of the 

(1) For previous paper of this series, see J .  Org. chcm., 26, 
3757 (1961). 

infrared absorption maxima characteristic of the 
snhydride doublet as shown in the table below. 
INFRABED ABSORPTION MAXIMA,* p, WE ANEYDR~DE 

DOUBLET 

8uccinic Glutaric 
I Anhydride Anhydride 

C I O  5.38 5.36 5.63 
6.60 5.60 5.70 

C-0-C 8.13 8.10 8.11 
8.20 8.30 8.19 

* Taken with a Baird Model 4-55 infrared double-beam 
spectrophotometer of a 1% KBr plaque, calibrated against 
polystyrene. 

ExpERIbfENTAL~ 

(&Curbozyeh&)m*nic anhydride 01). a. By ~ ~ # w I u L  
dehydration of I. A mixture of 577 g. (3 moles) of I and 1200 
g. of dry nonane was heated to reflux, removing water of 
dehydration from the heterogeneous azeotrope over a period 
of 15 hr. The product mixture was cooled, nonane removed 
from the insoluble crude product by decantation, the 
anhydro acid ttiken up in hot ethylene dichloiide, treated 
with decolorizing carbon, and then cooled to crystallize. 
Filtration gave 468 g., an 87.8% yield, of b e ,  white crystala 
(m.p. 63-64", 96.7% punty by anhydride titration with 
aniline/sodium hydroxide). 

A w l .  Calcd. for C,H& C, 48.84; H, 4.68. Found: C, 
48.83; H, 4.72. 

Evaporation of the ethylene dichloride filtrates gave an 
additional 31 g.. a 4.8% yield, of 11. 

b. By dehydration with acetic anhydride. A mixture of 380 
g. (2 moles) of I, 221 g. (2:15 moles) of acetic anhydride and 
700 g. of ethylbenzene waa fractionally distilled at 50 ml. 
presaure to remove the acetic acid-ethylbennene azeotrope 
(b.p. 47'/~Wmm.) during25 hr. Titrationof thediatillateindi- 
cated the theoretical amount of acetic acid. The reaction mix- 
ture was cooled, the supernatant ethylbenzene waa decanted 
from the imoluble crude product, and the product was taken 
up in hot ethylene dichloride, treated with decolorizing 
carbon and cooled to crystalli~e. Filtration gave 313 
g., a 91% yield, of fine white cryatnls (m.p. 62-63", 100% 
purity by anhydride titration with aniline/sodium hy- 
droxide). 

Anal: Calcd. for GH80s: C, 48.84; N, 4.68. Found: C, 
49.14; H, 4.68. 

The a d i c  acid prepared by reaction with aniline in chlom 
form melted at  144-145' (from water). 

Anal. Calcd. for CISHIIINO~: C, 58.86; E[, 5.70; N, 5.28. 
Found: C, 58.58; H, 5.90; N, 5.85. 

c. By dehydration math acetyl chloride. A mixture of 190 g. 
(1 mole) of I, 235 g. (3 moles) of acetyl chloride, and 300 g. of 
1,4dioxane was charged to a fiask and heated slowly with 
agitation to 60-70'. The weight of hydrogen chloride evolved 
WBE determined by bubbling the blow-off gases through a 
water bottle and recording the weight gain. After 7.5 hr., 
the evolution of hydrochloric acid had esentially ceased. 
The reaction mixture was cooled and stripped of exceas 
acetyl chloride and solvent under reduced presslire a t  25". 
The solid residue was dissolved in hot ethylene dichloride, 
treated with decolorizing carbon, and filtered. Upon crys- 
tallization, there was obtained a total of 134 g., a 78% 
yield of I1 (m.p. 63-64'). Infrared maxima: 3.80, 5.38, 
5.60, 8.13, 8.20, 10.85 p. 

Evaporation of the filtrate gave 30 g. of unchanged I. 
d. By dehydration with phoagene.a A solution of 56 g. 

(0.295 mole) of I in 300 ml. of dry acetone was treated with a 

(2) AU temperatures are uncorrected. 
(3) We are indebted to Dr. T. K. Brotherton for this 

experiment. 


