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A number of sugar acyl, 4hydroxybutyryl and D-pantoyl derivatives of benzyl- 
hydrazine, Pdimethylaminobenzylhydrazine, and a-methylphenethylhydrazine 
were prepared by the reaction of the corresponding lactones with the substituted 
hydrazines. Most of these compounds had relatively low toxicity in mice as com- 
pared with other hydrazine compounds of comparable monoamine oxidase inhibi- 
tory activity. The reaction product of D-ribonolactone with benzylhydrazine was 
shown to be a N1,Nz-hydrazine derivative. The most interesting compounds 
were l-benzyl-2(~-ribonoyl)hydrazine, and l-benzyl-2(D-pantoyl)hydrazine. 
Our variation in the structures of active monoamine oxidase inhibitors, such as 1- 
isopropyl-2-isonicotinoylhydrazine, l-benzyl-2-(5-methyl-3-isoxazolylcarbonyl)- 
hydrazine, and l-benzyl-2-picolinoylhydrazine, either eliminated or reduced MA0 
activity. In  one case, l-benzyl-2-picolinoylhydrazine, quaternization with 
methyl iodide or methyl bromide, increased response to 5-hydroxytryptophan. 

Consideration of the clinical results obtained with isopropylisonico- 
tinoyl-hydrazine' suggested modifications of this drug so as to obtain 
(a) a more rapid onset of action; (b) a lower toxicity; and (e) a 
more specific distribution of the drug in the different tissues. In 
previous papers, 2,s we have described classes of compounds fulfilling, 
a t  least in part, the requirements (a) and (b), and in this paper are 
described some further compounds which have been investigated with 
respect to (c). 

(1) Iproniazid (Marailid@). 
(2) 
(3) 

T. S. Gardner, E. Wenia, and J. Lee, J .  Med.  Pharm. Chem., 2, 133 (1960). 
T. 9. Gardner, E. Wenis, and J. Lee, ibid. ,  8, 241 (1961). 



Schwartz4 has demonstrated that the metabolic degradation 
of l-benzyl-2-(5-methyl-3-isoxazolylcarbonyl)hydrazine involves 
primarily the hydrolysis of the acyl residue to yield benzylhy- 
drazine which is the active moiety. This compound in itself is very 
toxic and undoubtedly the acyl residue contributes to its distribution 
and detoxification before it is metabolically removed. It was soon 
found that variation of the acyl residue produced quantitative dif- 
frrrnces in the distribution of the drug, as judged by its effect on the 
monoamine oxidase actiyity of the tissues of the livrr, ticart or braiii. 
Some of these are showii iii 'r:hle 111. 

One of the guiding throughts in tlic prep~tratioii of the majority 
of thew cvmpouiids was the  introduction of one or more hydroxyl 
groups in the acyl residue to afford "mctabolic hooks" for possible 
detoxificatioii (Table I). This t,urned out quite well, siiice enormous 
detoxification was obtained without a corresponding loss of activity 
(Table 111, No. 1-13). This is illustrated by the LDbO (mice, i.p.) 
of 1-benzyl-2-~-ribonoylhydrazine (Table 111, S o .  l), which was not 
reached a t  4000 mg./kg. The compound shows a similar activity 
and tissue distribution as iproniazid. A quantitatively different 
distribution was obtained by, for example, another compound (Table 
111, No. 13). 

The effect of some other miscellaneous changes in the acyl residue 
is shown in Tahle I11 ( S o .  14-28). The toxicity of the compounds, 
when active, was relatively high, which militated against their further 
investigation. It might be noted that introduction of a hydroxyl 
group in the benzyl residue as against the acyl residue did not produce 
detoxification. Quaternization of the highly active l-benzyl-2- 
picolinoylhydrazine as shown in compounds 19 and 20 in Table 111, 
caused a considerable change in direction of activity. The in vitro 
liver activity was doubled, that of the brain halved and the response 
to 5-hydroxytryptophan tripled, as compared to the non-quaternized 
parent compound. 

The intermediate hydrazones (Table 11) were inactive as M A 0  
inhibitors. 

Experimenta16p6 
A. General Procedure for the Reaction of Lactones with R-Hydrazines.-The 

lactone was treated in ethanol solution with an excess of the aralkylhydrazine 
at 80" for 2 hr. On cooling, the product usually separated and was crystallized 

(4) 

(5) 
(8) 

&'I. A. Schwartz, J .  Pharmacal. Ezpll. Therap., 130, 157 (1960); 
Med. ,  107, 813 (1961); J .  Phumacol. Ezptl. Therap., 131, 1 (1982). 

We are indebted to Dr. A. Steyermark and his associates for the microanalyses. 
All melting points are corrected. 

Proc. SOC. Ezper. B i d .  
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from water. If crystallization did not take place, the solution was concentrated 
to a small volume in vucuo. In a few cases, equimolar amounts of reactants gave 
satisfactory yields. 

Reduction of Acylhydrazones by Lithium Aluminum Hydride.-Acyl hy- 
drazone (0.50 mole) was added in finely pulverized form to a solution of lithium 
aluminum hydride (19 9.) in dry ether (3 1.). Addition of the powder required 
about 2 hr. The reaction solution w&s stirred for 4 hr., stood overnight, and then 
the excess lithium aluminum hydride waa destroyed by cautious addition of 
ethyl acetate (150 ml.) with stirring. The stirring was continued for 0.5 hr. 
and ice water (100 ml.) was then dropped in over a period of 15 min. After stir- 
ring for a further 0.5 hr., the suspension was filtered; the ether was removed 
in vacuo, and the residue crystallized from methanol or ethanol. 

I-Benzyl-2- (wribonoy1)hydrazine (No. l).-l-Benzylidene2-(~-~bonoyl) hydra- 
zine (27 g.) was dissolved in ethanol (200 ml.) and water (100 ml.). To this solu- 
tion was added 10% palladium on charcoal (2 g.), and the mixture reduced under 
35 kg./cm.2 of hydrogen at 30'. A theoretical uptake of hydrogen was obtained. 
The recovered solution was concentrated to a small volume (200 ml.) and benzene 
(1 1.) was added and evaporated to dryness. The solid residue was dissolved 
in hot water (300 ml.), decolorized by activated carbon (Norite-A, 10 9.) and on 
cooling, the crude product crystallized. The procedure was repeated and then to  
obtain a colorless product, the material was recrystallized twice more from hot 
water (5.4 g. yield), m.p. 157-158' (lO'/min. rate of heating). Under the same 
conditions, 1-benzyl-2-ribonoylhydrazine (Table I, No. 1) prepared from the lac- 
tone had a m.p. of 157-158' and unchanged mixture m.p. The rotation of the 
sample prepared by reduction was [ayIas~ + 19.2' (c,  5; 0.1 N HC1). The ~- lac-  
tone procedure gave a product [ ( Y ] ~ ~ D  f 19.2' (c ,  5; 0.1 N HC1) and [ ( Y ] ~ ~ D  4- 
19.8' (c ,  5; 0.28 N HC1). 

1-Benzylidene-2-( rwibonoy1)hydrazine has a characteristic ultraviolet absorption 
band a t  about 280-290 mp, which disappears on reduction. The ultraviolet and 
infrared absorption spectra of l-benzyl-2-(~-ribonoyl)hydrazine prepared by both 
processes were identical, thus establishing the acylation a t  N-2 with lactone.7 

1-Benzyl-2- (cyanoacety1)hydrazine (No. IS).-Ethyl cyanoacetate (57 g.) and 
benzylhydrazine (70 9.) were heated a t  100' for 1 hr. After 4 days a t  4', a color- 
less compound crystallized and was recrystallized from ethanol; yield, 15 g., 
m.p. 203-204'. 

B. 

Anal. Calcd. for CloHllNaO: C, 63.5; H, 5.9. Found: C, 63.7; H, 5.9. 
1-Benzyl-2-picolinoylhydrazine Methiodide Hemihydrates (No. Ig).-Ethyl 

picolinate methiodide (27 g.) was heated at 100' with benzylhydrazine (16.5 9.) 
in water (50 ml.) for 5 min. The solution was then concentrated to an oil in vacuo 
using ethanol to expedite removal of excess water. The oil crystallized from 
ethanol; yield, 25 g., m.p. 118-120". 

Anal. Calcd. for CuH1JN3O.0.5 H20: C, 44.5; H, 4.5. Found: C, 44.9; 
H, 5.3. 

This compound was not very stable. In boiling water, iodine was evolved on 
addition of nitric acid. 
1-Benzyl-2-picolinoylhydrazine Methyl Bromide Hydrates (No. 20).-1- 

Methyl-2-carbomethoxypyridinium bromide (70 g.), water (50 ml.) and benzyl- 

(7) F. Micheel, "Chernie der Zuoker und Polysaccharide," Akad. Verlagsgesellachaft 

(8 )  
rn.b.H.. Leipzig, 1939, p. 34. 

T. S. Gardner, J. Lee, and E. Wenis, U. 8. Patent 2,597,882, Oct. 25, 1960. 
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hydrazine (43 g.) were boiled for 5 min. On concentration in vucuo, an amorphous 
residue wm obtained. The residue was dissolved in ethanol (500 ml.) and recon- 
centrated in vacuo. The redidue so obtained was again dissolved in ethanol (200 
ml.) and on cooling, the product separated. Recrystallization from ethanol was 
repeated twice. 

Anal. Calcd. for C1,Hl8BrN30.H2O: C, 49.4; H, 5.3; X, 12.3; Br, 23.5. 
Found: C,49.6; H, 5.2; S, 12.3; Br, 24.2. 

The colorless compound changes in a few days to a lower m.p. form having 
a light yellow color, m.p. 78', analyzing a t  C, 49.6; H, 5.2. This lower melting 
form sometimes reverts to the unstable 92" form on crystallizing from ethanol. 
However, in a few days, the 92" form again reverts to the 78" type. This coni- 
pound is slightly hygroscopic. 

3-Hydroxybenzylhydrazine (No. 21).-3-Hydroxybenzaldehyde (61 g.) and 
85y0 hydrazine hydrate (60 9.) in propanol-2 (1.2 1.) were hydrogenated at 35 
kg./cm.2 a t  30" using 10% palladium on carbon (10 9.) as a catalyst. The re- 
covered solution was concentrated under vacuum to a solid. The solid residue was 
crystallized from ethanol; yield, 33 g., m.p. 114-115'. 

Calcd. for C,HloN,O: C, 60.8; H, 7.2. 

A colorless product was obtained; yield 58 g., m.p. 90-92'. 

Anal. 
4Jsopropylbenzylhydrazine (No. 22).-4-Isopropylbenzaldehyde (100 g.) and 

85y0 hydrazine hydrate (SO g.) in ethanol (1.2 1.) were hydrogenated a t  35 kg./cm.2 
using 10% palladium on carbon (10 g.) as a catalyst. The temperature spon- 
taneously rose to 70". The recovered solution was concentrated and the residual 
oil distilled through a 15 cm. Vigreux column and the fraction boiling a t  115- 
119" (4-6 mm.) collected. This fraction was redistilled at  100-105' (2  mm.); 
n% 1.5351; yield, 69 g. 

Found: C, 60.6; H, 7.3. 

Anal. Calcd. for CloHle?rT2: 5, 17.1. Found: N, 16.8. 
l-Benzyl-2-(3-methyl-5-isoxazolylcarbony1)hydrazine (No. 23).--hIethyl 3- 

methyl-54soxazolecarboxylate (50 g.) and benzylhydrazine (42 g.) were slowly 
heated from 60 to 92' for 0.5 hr. The cooled melt was dissolved in methanol and 
on cooling of the methanol solution, the product crystallized. The recovered 
crystals were washed with ice water and recrystallized from ethanol; yield 16 g., 
m.p. 93-94". 

Anal. 
l-(~-Hydroxyethyl)-2-(5-methyl-3-isoxazolylcarbonyl)hydrazine (No. 24).- 

8-Hydroxyethylhydrazine (40 g,), b.p. 155-160" (3 mm.) and ethyl 5-methyl-3- 
isoxazolecarboxylate (78 g.) in propanol-2 (1000 ml.) were heated a t  80" for 15 
min. The solution darkened rapidly. It was concentrated to  about 75 ml. and 
on standing a t  4' some crystallization took place. The crystals thus obtained 
n-ere used to  seed an alcohol-ether solution (100 ml ) of the oily residue. The 
product crystallized and was recrystallized trrice from ethanol and once from hot 
water; yield 18g., m.p. 119-120". 

Anal. Calcd. for C,HllN3O3: C, 45.4; H, 5.9; N, 22.6. Found: C, 45.3; 
H, 5.2; K, 22.2. 

1-Isopropyl-2- (4-pyridylacety1)hydrazine (No. 25).-l-Isopropylidene-2-(4pyri- 
dylacety1)hydrazine (19 9.) was dissolved in ethanol (175 ml.) and hydrogenated 
at 25" with platinum oxide (0.5 g.) under 3.5 kg./cm.2 pressure. The recovered 
colorless product was crystallized from acetone; yield 5 g., m.p. 94-95'. 

Calcd. for C1~H18?rTa02: C, 62.4; R,  5.7. Found: C, 62.6; H, 5.5. 

-4nal. Calcd. for CiOH15N30: C, 62.6; H, 7.8. 
.4 mixture m.p. with the starting compound was 67-69'. 
l-Benzyl-l-(5-methyl-3-isoxazolylcarbony1)hydrazine (No. 26).-5-Methyi-3- 

Found: C;, 61.8; H, 7.6. 
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isoxazolecarboxylic acid hydrazide (14.2 g.) was added to  concentrated hydro- 
chloric acid (20 ml.) and water (200 ml.). On stirring, a clear solution waa ob- 
tained. To this chilled solution was added a solution of sodium nitrite (15 9.) 
in  water (50 ml.). The white azide separated and was filtered off. It was washed 
with cold water and finally a dilute solution (5%) of sodium bicarbonate, The 
wet azide was dissolved in ether (50 ml.) at 0' and to  this solution benzylhydrazine 
(12.2 g.) in ether (200 ml.) was added. The temperature of the ether solution 
rose; it first became turbid, and then clear with continued stirring. The clear 
solution was filtered and then permitted to  stand at 25' overnight. The ether 
was removed under vacuum and the residue was crystallized from methanol; 
crude yield 25 g. A second recrystallization from methanol gave a pure, color- 
less product; yield, 15 g. m.p. 69-71 ', 

Anal. Calcd. for Cl2HI3N0O2: C, 62.4; H, 5.7; N, 18.2. Found: C, 62.5; 
H, 5.4; N, 18.1. 
l-(4-Dimethylaminoben~yl)-l-(5-methyl-3-isoxazolylcarbonyl)hydra~ine (No. 

27).-5-Methyl-3-isoxazolecarboxylic acid hydrazide (28 g.) in concentrated hy- 
drochloric acid (400 ml.) and ice water (400 ml.) was diazotized by the slow 
addition of sodium nitrite (30 g . )  in cold water (100 ml.). One hour was required 
for this step, the suspension meanwhile being stirred slowly. The separated azide 
was removed by filtration, washed with cold water, 5y0 sodium bicarbonate so- 
lution, and with cold water. The wet azide was dissolved in ether (2 l.) a t  0' 
and dimethylaminobenzylhydrazine (33 9.) added. The ether solution became 
cloudy and warm. The 
recovered solid waa recrystallized from methanol; yield, 23 g., m.p. 124-125'. 
Recrystallization from hot water did not change the melting point. 

The suspension was stirred for 1 hr. and filtered. 

Anal. Calcd. for C1,HIsN102: N, 20.4. Found: N, 20.8. 
1-(4-Dimethylaminobenzyl)-l-acetylhydrazine (No. 28).4Dimethylamino- 

benzylhydrazine (27 9.) waa cautiously treated with acetic anhydride (26 g.). 
On warming at 80', a vigorous reaction took place and after 0.5 hr. a t  80°, the 
solution waa poured into 1 1. of ice water. A colorless precipitate separated and 
was crystallized from hot water; yield 5 g., m.p. 126-127'. 

Anal. Calcd. for Cl1H1,N8O: C, 63.7; H, 8.3. Found: C, 63.8; H, 8.0. 
The assignment of structure was based on a previously established reaction 

mechanism for acetic anhydride and methyl hydrazine. 
1- (4-Dimethylaminobenzyl) -2-(5-methyl-3-isoxazolylcarbonyl)hydrazine Dihy- 

drochloride.10-1 - (4 - Dimethylaminobenzyl) - 2 - (5 - methyl - 3 - ieoxazolylcar- 
bony1)hydrazine (10 g.) was dissolved in warm acetone. To this solution was 
slowly added with stirring 6 N hydrogen chloride in methanol (6.5 ml.). A color- 
less precipitate formed and stirring was continued for 0.5 hr. The recovered 
product was dried in vacuo a t  25'; yield, 12.5 g., m.p. 136-138'. 

Anal. Calcd. for C14H18N402.2HC1: C, 48.4; H, 15.8; C1, 20.5. Found: 
C,48.6; H,5.9; C1, 19.8. 

This salt could not be recrystallized without decomposition. 
Methyl Picolinate Methobromide (or 1-Methyl-2-cerbomethoxypyridinium 

Bromide).S-Methyl picolinate (86 g.) and methyl bromide (170 g.) in methanol 
(500 ml.) were heated in a shaking autoclave a t  80-100" for 4 hr. under 35 kg./cm.z 

(9 )  

(10) 

R. L. Hinmen, end D. Fulton, J .  Am. Chem. SOC., 80, 1895 (1958); B. Forsgren and J. 
Sandetrom, Acta Chem. Scand., 14, 789 (1960); T. Folpmers, Rec. trou. chim., 82, 24 (191%. 

This salt wa6 prepared by Mr. H. Newmark and Dr. E. B. Gana of the Applied Re- 
search Laboratories of Hoffmann-La Roche Inc., Nutley, N .  J.  
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of nitrogen. On concentration to 200 ml. and cooling, a colorless product sepa- 
rated. It was recrystallized from ethanol; yield, 70 g., m.p. 173-174'. The 
compound turns yellow on exposure to air for a few days. 

Anal. Calcd. for CaHloBrNOa: N, 6.0. Found: N, 6.2. 
Methyl Picolinate Methochloride (or (1-Methyl-2-carbomethoxypyridinium 

Chloride).-Methyl picolinate (86 g.) and methyl chloride (170 g.) in methanol 
(400 g.) were treated in the same manner as for the methyl bromide. The prod- 
uct was recrystallized from acetone-ethanol; yield, 17 g., m.p. 117-118'. 

rlnal. Calcd. for CsRloCINOz: N, 7.5. Found: N, 7.6. 
1 - (a - Hydroxyethylidene) - 2 - (5 - methyl - 3 - isoxazo1ylcarbonyl)hydrazine. 

-5-Methyl-3-isoxazolecarboxylic acid hydrazide (7 g.), glycolaldehyde diethyl 
acetal (7  g.) and p-toluenesulfonic acid (100 mg.) were dissolved in ethanol (50 
ml.) containing concentrated hydrochloric acid (0.6 ml.) in water (1  nil.). On 
standing at 25' for 48 hr., a small quantity of the starting hydrazide crystallized 
out. The solution was heated to 80" for 10 min. The color of the solution dark- 
ened rapidly. An 
amorphous solid separated which crystallized at 4". The solid material was 
washed with ether and extracted with hot water. The crude material had m.p. 
214-215'. The product was recrystallized from ethanol to yield a buff-colored 
compound; yield, 300 mg., m.p. 220-221". A sample was dissolved in ethanol 
and treated with activated carbon to give a colorless product,, m.p. 220-221 '. 

Anal. Calcd. for C,HgNaOa: C, 45.9; H, 4.9. 
5-Amino-1-benzyl-3-methylpyrazole Hydrochloride.-Benzylhydrazine (31 9.) 

and 5-methyl-3-isoxazolecarboxylic acid (32 g.) were heated a t  reflux temperature 
in xylene for 4 hr. -4s cyclization took place, the water formed (4.0 ml.) was 
collected in a Barret,t distilling column (calcd. H20, 4.5 ml.). The solution \vas 
concentrated t o  an oily residue which was dissolved in ethanol and an excess of 
10 N hydrogen chloride in ethanol added. A solid hydrochloride separated and 
was washed with ether and then dissolved in water (200 ml.) at 60". The solu 
tion was cooled t o  25' and an excess of ammonia added. The base separated a,s 
an oil which was dissolved in ether. The ether was extracted with water, the 
ether layer was concent'rated to an oil which was recrystallized from a solution 
of ether to which hexane was added: yield 23 g., m.p. 43-44'. The base (10 g.)  
ivas dissolved in ethanol (30 nil.) and 10 A' HC1 in ethanol (20 nil.) was added. 
The hydrochloride separated and \vas recrystallized from ethanol: yield 11 g., 
m.p. 226-228'. 

Anal. Calcd. for CllH1&3HCl: C., 59.1: H. 6.3: S, 18.8: C!l, 15.8; Van 
Slyke amino group, X, 6.3. Found: C, 59.2; IT, 6.4; S. 18.6; C1, 16.0; Van 
Slyke amino group, ?;, 5.8. 

Fusion of benzylhydrazine ( 6  g.) and 5-methyl-3-isoxazolecarboxylic acid (6  
g.) led to elimination of carbon dioxide. The evolved carbon dioxide was ab- 
sorbed in 100 ml. of 1.0 dV sodium hydroxide solut,ion in water (300 ml.). Differ- 
ential titration using phenolphthalein and methyl red as indicators gave 0.04 
mole of carbon dioxide (calcd., 0.05 mole). The assignment of structure is made 
by analogy with the react,ion of phenylhydrazine and 5-phenyl-3-isoxazolecar- 
boxylic acid," for which the structure of 1-phenyl-3-met~hyl-5-aminopyrazole is 
established. 

Methylhydrazine Sulfate.-To a mixture of 85% hydrazine hydrate (200 g.) 
and 37% formaldehyde solution (81 g.) in ethanol ( 1  1.) was added 10% palla- 

The solution was cooled to  25" and 2 vol. of et,her added. 

Found: C, 46.1; H, 4.9. 

(11) S. Cusmano, Gazr. c h i m .  i / d ,  69, 594 (1939). 
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dium on charcoal (15 g.), and this mixture hydrogenated at 70" for 2 hr. a t  35 
kg./cm.a A slightly greater than theoretical uptake of hydrogen was obtained. 
The catalyst was filtered off and the solution concentrated to  an oil i n  vacuo. 
The residual oil was distilled through a 15 cm. Vigreux column a t  atmospheric 
pressure. The fraction dktilling a t  85-95' waa collected, cooled, and an exceas 
of Rulfuric acid waa added. A white solid crystallized; yield, 90 g., m.p. 133-140' 
(dec.). Two recrystallizations from SOY0 ethanol-water gave the pure compound, 
m.p. 143-144'. 

Anal. Calcd. for CHeNt.H2SOa: C, 8.3; H, 5.6; N, 19.4; S, 22.2. Found: 
C, 8.4; H, 5.4; N, 19.6; S,21.9. 

Reduction of Nitrofurans. I. Aminofurans 

FRANK F. EBETINO, JAMES J. CARROLL, AND GABRIEL GEVER 
Eaton Laboratoriee, Division of The Norwich Pharmacal Company, Norwich, N .  Y .  

Received June 28, 1961; Revised Manuscript Received September 69, 1961 

A number of 2-substhted 5-nitrofurans have been reduced catalytically to the 
corresponding aminofurans. The aminofurans are relatively stable solids which 
can be acetylated with acetic anhydride, or condensed with 5-nitro-2-furaldehyde. 
Several new 2-substituted 5-aminothiophene compounds have been prepared. 

The reduction of a number of nitrofurans by various body tissues 
and bacteria has been studied by several workers.' In  this paper we 
present some studies on the chemical reduction of selected nitrofurans. 

Prior to  this work only three 5-nitrofuran derivatives have been re- 
duced unequivocally to the corresponding aminofurans by chemical 
means. Reduction of ethyl and of p-diethylamino 5-nitro-2-furoates 
has been effected with aluminum amalgam2 and with hydrogen over 
platinum.3 Reduction of 5-nitro-2-furaldehyde semicarbazone (I) 
with Raney nickel4 in water gave a solid which was identified as 4- 
cyano-2-oxobutyraldehyde semicarbazone (111), with 5-amino-2- 
furaldehyde semicarbazone (11) being postulated as the intermediate. 
However, reduction of I in absolute alcohol with palladium on charcoal 

(1) (a) D. L. Cramer, J. Bact., 64, 119 (1947); (b) R. C. Bender and H. E. Paul, J. B i d .  
Chem., 191, 217 (1951); ( 0 )  A. Beckett and A. Robinson, J .  Med. Pharm. Chem., 1, 135 (1959); 
(d) A. Beckett and A. Robinson, i b i d . ,  1, 155 (1959); (e) J. D. Taylor, H. E. Paul and M. F. 
Paul, J. B i d .  Chem., 191, 223 (1951); ( f )  R. E. Asnis and J. S. Gots, Arch. Biochem., S O ,  35 
(1951); (9) R. E. Asnis, Arch. Biochem. Biophys., 66,  208 (1957); (h) H. E. Paul, V. R. Ells, 
F. Kopko and R. C. Bender, J. Med.  Phorm. Chem., 4,  563 (1960). 

(2) (e) R. Marquis, Compt. rend.. 186, 1454 (1903); (b) 0. Dann, Ber.. 76, 419 (1943). 
(3) H. Gilman and G. Wright, Iowa State CoZZ. J. Sci., 6, 85 (1931). 
(4) F. L. Austin, Chem. and Ind. (London), 523 (1957). 


