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The crude product, isolated by salting out with potassium 
carbonate into ether solution, was converted to  the dihydro- 
chloride: yield, 20.6 g. (84%) of colorless crystals. Recrystal- 
lization from ethanol gave a pure sample, m.p. 229-231'. 

Anal. Calcd. for C,rH2,0,N&l*: C, 52.01; H, 7.48; N, 
8.67. Found: C, 51.87; H, 7.43. N, 8.75. 

By the same procedure, two additional compounds were 
prepared from 3-aminopiperidine.' 
S-(4'-Dimethylamznobazyllamino)paperzdine was obtained 

by reduction of the p-dimethylaminobenzylidene derivative 
and isolated in 76y0 yield as the trihydrochloride: hygro- 
scopic, light-sensitive crystals from ethanol, having no 
definite melting point (gradual decomposition when heated). 

Anal. Calcd. for Cl,Hz6S,Cln: C, 49.06; H, 7.65; N, 12.26. 
Found: C, 48.5; H, 7.50; N, 11.9. 
3-(3-Pyridylmcthylamino)piperidine was obtained by rc- 

duction of the 3-pyridylidene derivative, and isolated in 
79% yield as the trihydrochloride: very hygroscopic crystals 
which, like the preceding compound, did not have a definite 
melting point. 

Anal. Calcd. for C1,HmN3Cla: C, 43.94; H, 6.71; N, 
13.98. Found: C, 44.02; H, 6.98: N, 13.96. 

N,N-Dimethyl-N'-(S,4-dzmethoxybenzyl)hydrazine. When 
16.8 g. of veratraldehyde and 6.5 g. of A-,iV-dimethylhydra- 
zine were mixed there was heat evclution. The oil was 
taken up in 200 ml. of benzene, and the solution waa re- 
fluxed under a water separator for 4 hr., which resulted 
in slow, steady collection of water. After evaporation of the 
benzene, the oily hydrazone was dissolved in methanol and 

reduced with sodium borohydride by the usual procedure. 
The product, isolated by extraction with ether after dilution 
of the reaction mixture, was an oil. The hydrochloride 
separated in 13.9 g. (5670) yield, m.p. 172-174.5", when this 
oil was treated with alcoholic hydrogen chloride. Recrystal- 
lization from ethanol-ether did not raise this melting point. 

Anal. Calcd. for C11H1802N2C1: C, 53.54; H, 7.76; N, 
11.36; CI, 14.37. Found: C, 53.62; H, 7.2; N, 11.6; CI, 
14.46. 

The other hydrazine derivatives listed in Table I11 were 
prepared by essentially the same procedure, except that 
toluene waa used in place of benzene in condensation of 
p-dimethylaminobenzaldehyde with 1,l-dimethylhydrazine. 
Hydrazones which were obtained by condensation of 
various pyridine aldehydes with 1,l-dimethylhydrazine 
were not affected by treatment with sodium borohydride. 
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3,8-Diazabicyclooctane[3.2.1] ( I )  was obtained by a four step synthesis from 2,5-dicarbethoxypyrrolidine (11). This com- 
pound was converted into 2-benzylcarbamyl-5-carbethoxypyrrolidine (111) which, when heated, gave 3-benzyl-3,Sdiaza- 
bicyclooctane[X 2.1 ]-2,4-dione (IV). The latter by reduction with lithium aluminum hydride to 3-benzyl-3,Sdiazabicyclo- 
octane[3.2.1] ( V )  and reductive dehenzylation gave 1. An alt'ernate synthesis of I from the already known Scarbobenzoxy- 
3,8-diazabicyclooctane[:3.2.1)-2,4-dione (VIII) is also described. The known 8-methyl-3,8-diazabicyc~ooctane[3.2.1] ha13 
now been obtained by a new improved synthesis in five steps starting from I1 through V. 

In  the preceding paper of this series' we described 
the synthesis of several %substituted S-methyi- 
3,8diazabicyclooctanes 13.2.1 ] of general formula 
7 1  2 
CH,-CH--CH, 1s. R = H 
I 1  I Ib. R CHI 

i l  I Id. R = CeHs 

6 5  4 

I 8N-CH3 3X-R IC. R = nCIHs 

CH~-~H----C:H~ Ie. R = CHKJI, 

obtained starting from 2,5-dicarbethoxypyrrolidine 
(11),2 which was converted in three steps into N -  
carbobenz-oxy-P15-pyrrolidine dicarboxylic acid 
anhydride. The latter reacted with appropriate 
amines to give %substituted 8-carbobenz-oxy-3,8- 
diazabicyclooctane [3.2.1]-2,4-diones from which 

(1) G. Cignarella and G. Nathansohn, J .  Org. Chem., in 
Dress. 

(2) G. Cignarella and G. Nathansohn, Gaia. Chim, Ztal., 
90, 1695 (1960). 

the corresponding bicyclic bases were obtained by 
direct reduction with lithium aluminum hydride in 
ether. 

We now describe the synthesis of the unsubstitu- 
ted bicyclic ring, 3.8diazabicyclooctane [3.2.1] (I). 
The key intermediate for the synthesis is 3-benzyl- 
3,s-diazabicyclooctane [3.2.1]2,4-dione (IV). This 
compound was initially prepared in a 52yo yield by 
hydrogenolysis in methanol3 of 3-benzyl-&carbo- 
benz-oxy-3,8-diazabicyclooctane [3.2.1] -2,4-dione1 
(VI).  In  the course of this reduction 2-benzylcar- 
bamyl-5-rarbomethoxypyrrolidine (VII) was also 
identified as by-product. 

A more efficient method was subsequently iound 
lor obtaining the intermediate IV from 2,5-dicar- 
bethoxypyrrolidine (TI). 2-Benz y lcarbamyl-&car- 
bethoxypyrtolidine (111) was obtained in S7% 

13) M. Bergmann and L. Zervss, Ber., 6.54 1192 (1933:. 



2748 CIONARELLA, X.ATHANSORN, AND OCCELLI VOL. 26 

yield (based on the diester used) by refluxing I1 
with benaylamine in xylene. By heating 111 at 200' 
evolution of ethanol was observed with formation of 
a viscous oil, which, when distilled in vucuo, gave 
a fraction identical with IV obtained by hydrogenol- 
ysis of VI. In  fact, the infrared spectrum of the 
distilled product lacked the ester band a t  1730 
cm.-' and the secondary amide band a t  1530 
cm." and showed two bands, characteristic of an 
imido group, a t  1720-1680 cm.-' 

Reduction of IV with lithium aluminumhydridein 
ether solution4 led in 65% yield to 3-benzyl-3,8- 
diazabicyclooctane[3,2.1] (V) which, when de- 
benzylated with hydrogen and palladium, gave 
3,8-diseabicyclooctane (I) in 80% yield. I is a 
colorless fluid boiling 178-180' with piperazine- 
like smell, which quickly adfiorbs carbon dioxide 
when exposed to air. 

The analytical data in accordance with the 
general formula CaH,N2 and the presence of two 
secondary nitrogen atoms6 confirmed the 3,8- 
diazabicyclooctane structure. I was also charac- 
terized through the dihydrochloride and the dipic- 
rate. 

An alternative synthesis of I comprises reduc- 
tion with lithium aluminum hydride of 3,8-diaaa- 
bicyclooctane [3.2.1]-2,4dione (IX) which can be 
obtained by hydrogenolysis from the correspond- 
ing 8-carbobena-oxy derivative (VIII). Substance 
IX could be easily isolated from the reaction prod- 
ucts and has a melting point of 225-226'. Its 
infrared spectrum showed a strong band a t  1700 
cm.-' characteristic of the imidic group. Moreover, 
by acid hydrolysis, the same substance gave a car- 
boxylic acid (m.p. 255-256') which has been identi- 
fied as 2-carbamyl-pyrrolidine-5-carboxylic acid 
(XI). The 3,8diazabicyclooctane[3.2.1]-2,4dione 
(IX) structure can therefore be attributed to the 
product melting a t  225-226'. The reduction of 
IX with lithium aluminum hydride in tetrahydro- 
furan led to the isolation of 3,8diazabicyclooctane- 
[3.2.1] (I). 

The splitting of the carbobenzoxy group from 
VIII, which led to IX, was also partially accom- 
panied by the opening of the imidic ring with for- 
mation of 2-carbamyl-5-carbethoxypyrrolidine (X) . 

From the intermediate V it was also possible to  
carry out a new synthesis of the previously described 
8-methyl-3,8-diaaabicyclooctane [3.2.1] (Ia)' by 
methylation with formic acid and formalde- 
hydes to  Ie (yield 90%) and final debenxylation 
with hydrogen and palladium (yield 89%). 

This five-step procedure for the preparation of Ia 
from I1 (over-all yield 25%) represents an impor- 
tant improvement on the already described syn- 

(4) L. M. Rice, E. E. Reid, and c. H. Grogan, J. 0 T g .  

(5) C. D. Wagner, R. H. Brown, and E. D. Peters, J. Am. 

(6) H. T. Clarke, H. B. Gillespie, and S. Z. Weieshaus, 

Chem., 19, 884 (1954). 

Chem. SOC., 69, 2611 (1947). 

J. 3)n. Chem. Soc., 55, 4571 (1033). 
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thesis which also started from I1 and gave Ia 
through 7 steps with an over-all yield of 16%. 

All the prepared compounds have been tested 
for their pharmacological activities and Maffii 
and co-workers will later refer to  the results ob- 
tained. Research on this class of heterocyclic com- 
pounds will be carried out. 

EXPERIMENTAL 

bBenzyZcarbamy2-6-carbathoxypyrroZidine (111). A mixture 
of 150 g. (0.698 mole) of diethyl-2,5-pyrrolidinedicarboxyl- 
ate'), 75 g. of benzylamine (0.7 mole), and 450 ml. of xylene 
was refluxed for 18 hr. On cooling the solution a white solid 
(24 9.) separated which melted at 172-173' and was identi- 
fied by the analysis as 2.5-dibenzylcarbamylpyrrolidine. 

Anal. Calcd. for CzoHl~N~Oz: C, 71.21; H, 6.82; K, 12.48 
Found: C, 71.42; H, 6.83; N, 12.20. 
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"he solvent was evaporated from the clear snlution 
under reduced pressure and the oily residue was distilled in 
vacuo. The distillate (40 g., b.p. 90-93"/0.2 mm.) was 
formed by the unchanged ester. Distillation was stopped and 
the residual Zbenzylcarbamyl-5-carbethoxypyrrolidine (123 
g., over-all yield 64y0, 87% based on the ester used) was 
used for the submquent step. A sample was distilled and 
analysed; b.p. 170-175'/0.2 mm. 

Anal. Calcd. for ClsHzoN~Os: C, 65.21; H, 7.24; N, 10.14. 
Found: C, 64.98; H, 7.48; N, 10.13. 
3-Benzyl-3,8diazabicyclooctane [3.2.1]-2,Q-dione (IV). (a) 

From 2--benzylcarbamyG6-~arbe~~ox~pyrr~Zi~ine (111). One 
hundred and twenty grams of 2-benzylcarbamyl-5-carbeth- 
oxypyrrolidine was heated under stirring a t  200-210' for 
3 hr. under atmospheric pressure and the ethyl alcohol 
formed was collected. The residual viscous oil was distilled 
and the fraction (70 g.) boiling a t  155-170'/0.2 mm. col- 
lected and rectified. Yield 55 g. (5570), b.p. 150-155'/ 
0.2 mm. 

Anal. Calcd. for C18H14Nz02: C, 67.82; H, 6.08; N, 12.17. 
Found: C, 68.10; H, b.30; N, 12.32. 

The product obtained, dissolved in a small amount of 
ether and allowed to stand some days, crystallized as needles 
melting a t  78'. 

(b) From S-benzyl-8-carbobenzoxy~,8-diazabicyclooctane- 
[3.%.1]-2,4-dime (VI). A solution of 12 g. of 3-benzyl-8- 
carbobenzoxy-3,&diazabicyclooctane[3.2.1] 2.4-dione' in 600 
ml. of 80% methanol containing 3 ml. of glacial acetic acid 
was hydrogenated in the presence of 2 g. of 10% palladium 
on charcoal. After about 3 hr. the carbon dioxide evolution 
subsided. The catalyst was filtered off, the mixture was made 
neutral by the addition of a sodium bicarbonate solution, 
and methanol was removed under reduced pressure. An oil 
separated which was extracted with ether and dried over 
sodium sulfate. After evaporation of the solvent the residue 
was distilled in vacuo. A fraction boiling a t  150-152'/0.2 mm. 
was collected. Yield 4 g. of IV (52.6y0). On standing the 
product crystallized in needles; m.p. 78". 

Anal. Calcd. for ClPHlrN2Ol: C, 67.82; H, 6.08; N, 12.17. 
Found: C, 67.98; H, 6.3; N, 12.35. The hydrochloride was 
obtained in ethanol bv the addition of hydrogen chloride: - -  
m.p. 210-213". 

N. 10.35: C1. 13.54. 
Anal. Calcd. for ClaHIld21Nz0z: N, 10.5; C1, 13.7. Found: 

By further concentration and salting out with sodium 
bicarbonate, the mother liquors of the ether extraction 
gave an oil which w a ~  extracted with ether, dried over so- 
dium sulfate, and distilled. Yield 1.5 g. of Z-beneylcarbamyl- 
5-carbomethoxypyrrolidine (VII) b.p. 175-177"/0.2 mm. 

Anal. Calcd. for C ~ ~ H I ~ N Z O ~ :  C, 64.12; H, 6.87; N, 10.69. 
Found: C, 64.40; E, 7.01; N, 10.80. 
3-Bentyl-3,8-diazabicyclooctane[3.2.1] (V). A solution of 60 

g. of 3-t~enzvl-3,&diazabicyclooctane[3.2.1]-2,Cdione (IV) 
in 600 ml. of anhydrous ethyl ether was dropped with stir- 
ring into R suspension of 30 g. of lithium aluminum hydride 
in 500 ml. of ether, keeping the temperature a t  0'. At the 
end of the addition the solution was gently refluxed for 30 
hr., then it was cooled to -5' under stirring and the reac- 
tion mass was decomposed with 90 ml. of water. 

The mixture was stirred 1 hr. a t  room temperature; the 
organic hydroxides were filtered and thoroughly washed with 
ether. The ether extracts were collected, dried over sodium 
sulfate, and evaporated. The residual oil was distilled a t  
0.2 mm. pressure and the fraction boiling a t  95-98' was 
collected; yield 34 g. of V (65%). 

Anal. Calcd. for C13Hl$il?: C, 77.22; H, 8.91; N, 13.86. 
Found: C, 77.10; H, 8.72; N, 13.81. The dihydrochloride, 
crystallized from ether-alcohol, melted a t  150-152' and 
was slightly hygroscopic. 

Anal. Cslcd. for C18H&I2N2: N, 10.18; C1, 25.82. Found: 
N, 9.93; C1, 25.73. The dipicrate crystallized from ethanol 
with m.p. 232-235'. 

Anal. Calcd. for CtaH2rNsOlc: C, 45.45; H, 3.63; N, 
16.97. Found: C, 46.00; H, 3.90; N, 16.78. 

~,~-Diazuhi~clooclane[S .8 .1]  (I). (a) From 3--bentyLS,d- 
diazabicyclooc~ane[3.2.~] (V). A solution of 20 g. of 3-benzyl- 
3,gdiazabicyclooctane [3.2.1] in 400 ml. of absolute ethanol 
was hydrogenated in the presence of 10 g. of 10% palladium 
on charcoal in an autoclave a t  60' and 40 atm. pressure. 
After 3 hr., heating was stopped and the solution allowed 
to  cool to  room temperature. Then the catalyst was filtered 
off, the alcohol removed at atmospheric pressure, and the 
concentrated solution was distilled; ield 8.8 g. of I (80%) ; 
b.p. 176-178'. The product easily adsorbed carbon dioxide 
when exposed to air. A sample was distilled again and the 
fraction boiling a t  78-80"/40 mm. was collected and im- 
mediately analyzed. 

Anal. Cdcd. for C ~ I U N ~ :  C, 64.28; HI 10.71; N, 25.0. 
Found: C. 64.24: H, 10.90: N. 24.6 (tit), secondary Ns 
24.6. The 'slightly hygroscopk dihydrochloAde crystallized 
from ethanol; m.p. 314315' dec. 

Anal. Calcd. for C~HllCl2NZ: N, 15.13; C1, 38.38. Found: 
N, 15.06; C1, 38.21. The dipicrate crystallized from 80% 
ethanol; m.p. 248-250' dec. 

An,al. Calcd. for C1~H1~N~O1,: C, 37.89; H, 3.16; N, 19.65. 
Found: C, 39.0; H, 3.29; N, 19.21. 

(b) From 3,8-diazabicyclooctane[3.d.~]-~,4dione (Ix). 
A solution of 2 g. of 3,8-diazabicyclooctane[3.2.1]-2,4dione 
in 20 ml. of tetrahydrofuran was added with stirring to a 2 
g. Puspension of lithium aluminum hydride in 20 ml. of 
tetrahydrofuran at  such a rate that the temperature should 
not exceed 35-40", At the end of the addition the solution 
was refluxed 4 hr., cooled to -5" and decompoped with 5 
ml. of water. Then the mixture was allowed t.o return to 
room temperature, stirred 1 hr., filtered and the inorganic 
hydroxides were thoroughly washed with ether. The extracts 
were combined, dried over sodium sulfate, and distilled at 
ordinary pressure in a rectifying column keeping the exter- 
nal temperature a t  80'. After removal of most of the solvent, 
the fract,ion boiling at 75-80°/40 mm. was collected; yield 
0.85 g. (53Yo). A comparison between the obtained product 
and a sample of I, through the infrared spectra and the 
mixed melting points of the dihydrochlorides and dipirrates, 
showed a perfect identity. 
~,8-Diazabicyclooctane[PJ.2.1 ]-2,,$-dione (IX). A solution of 

34 g. of 8-carbobenzoxy-3,&diazabicyclooctane[3,2.1]-2,4- 
dione (VIII)1 in 1000 ml. of 80% methanol waa hydrogenated 
with stirring in the presence of 12 g. of 10% palladium on 
charcoal in a flask fitted with a gap outlet tube. After 3 
hr. the carbon dioxide evolution subsided. The catalyst was 
filtered off and the solution was ronrentrated in oacuo to a 
small volume with mild heating. After addition of an equal 
amount of ethyl alcohol and cooling, 2.6 g. of (IX) melting 
at, 225-226' was separated. A sample was recrystallized from 
30% alcohol; m.p. 225-226'. 

Anal. Calcd. for CsH8N202: C, 51.42; H, 5.71; N, 20.00. 
Found: C, 51.26; H, 5.90; N, 19.87. 

The mother liqnors were evaporated to dryness with 
mild heating and the residual oil (15 g.) was taken up with 
ethyl ether. A solid (12.3 g.) separated and was recrystal- 
lized from benzene; m a .  61-63'. The infrared spectrum 
showed bands a t  1730 cm.-1, characteristic of the ester 
group, and 1665 cm.-l characteristir of a primary amide. The 
2-carbamyl-5-carbomethoxypyrrolidine (X) structure was 
confirmed by the analysis. 

Anal. Calcd. for C7HllN2O8: C, 48.83; H, 6.97; N, 16.28. 
Found: C, 49.00; H, 7.10; N, 16.37. 
%-CarbamyG6-pyrrolidinecarboxylic acid (XI). A Rolution 

of 1 g. of 3,8-diazabicyclooctane[3.2.1]-2,4dione (IX) in 
50 ml. of water containing a few drops of concentrated 
hydrochloric acid was refluxed for 5 hr. Then it was made 
neutral by the addition of the theoretical amount of sodium 
hydroxide, and concentrated to a small volume. By the 
addition of an equal amount of ethyl alcohol, and by 
cooling, 0.8 g. crystals separated; they were collected and 
crystallized from dilute methanol; m.p. 255-257". 

Anal. Calcd. for C~HION~O~:  C, 45.57; H, 6.33; N, 17.72. 
Found: C, 45.94; H, 6.60; N, 18.01. 
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~--Renz~l-8-~iieth~l-SJ8-diazabicyclooctane [4.2.1] (Ie). To 
55 g. of !BO,;, formic acid (0.2 mole) in a 500-ml. flask, 60.6 
g. (0.3 mole) of Y-berizyl-3,8-dia7abicyclooctane[3.2.1] 
(V) was added with cooling, followed by 25 g. of formal- 
dehyde 38% (0.3 mole). The mixture was refluxed 15 hr., 
cooled, 60 ml. of concd. hydrochloric acid HC1 was added, 
and the mixture was concentrated zn vacuo. The mixture 
was made alkaline by the addition of 30% sodium hydroxide 
and extracted with three 250-ml. portions of ether. After 
drying over solid potassium hydroxide the combined ex- 
tracts were evaporated and the residue wa8 distilled in 
vacuo; yield 58.6. p. (YOAOj,): b.p. 113-115°/0.6 mm. 

Anal. Calcd. for C'rH,oN,: C, 77.77; H, 9.26; S, 12.96. 
Found: C, 77.70, H, 9.40; N, 12.76. The infrared spectrum 
of the product was identical with that of an authentic Sam- 
ple.' 

8-dlethlll-3,8-diazabic;yclooctnne [3.2.f ] (Ia) wa3 obtained 
in 89.5% yirlcl according to t.he procediire described in the 
preceding paper of this series'; b.p. 193-198"/760 mm. and 
115-11G0/40 mm. The infrared spectrum was identical 
with that of the authentic sample. The dihydrochloride 
and the dipicrate did not depress the melting points of 
authentic samples. 
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The preparation of 3,8-diazahicyclo[3.2.1 ]octane and some of its simple h'-substituted derivatives is described. 

As the ring-system of 3,s-diazabicyclo [3.2.1]- 
ortane (A) is at once related to piperazine and to  
nortropine, hot h progenitors of many compounds 
of physiological import a i m ,  synthesis of A seemed 
likely to  be rewarding. 

x Koi'tiopine 

The route followed in the preparation of A and 
of various simple derivatives is shon-n in Chart, 1 .  
The reac.tiniis used in passiiig from one derivative t>o 
another werv c*hoseii so :IP to minimize :my am- 
tiigiiity as to the nature of thc products. 

The only operut ions involving serious esperi- 
meiit:tl diffivultirs \vcre the csyclizatioiis Iraditig to 
I1  aiid 111. Both of thrse cylizntions are two-step 
reaetioiib! the first stcp presumably following 
wmnd order kiiictivs arid the second step being 
intramolecular. 111 priiiciple, thcrcfore, it would be 
desirable t6 separatc thc strps, awomplishing the 
first in concent ratcd arid the swoiid in highly dilute 
solution. This may t)r feasible> in passing from I1 
to 111 but probably is not in  the formation of I1 

(1) From a thesis submittrd by S 11' Blackmun to the 
School of Graduate dtudv of the Polytechnic Institute of 
Brooklyn in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy, June 1060. 

since here the steps are so similar in rhemical 
nature that no great' difference in rate is to be ex- 
pwt cd * 

The esters of hr---12 pyrrolidina 2,klicarboxylic 
acids (IT). The bromination of adipyl chloride 
followed by reaction with ethanol has been to shown 
give a mixt8ure of isomers.? The higher-meIt>ing 
isomer (m.p., 66') has been shown to be the meso 
form through its relatively facile conversion to the 
anhydride of cis-tetrahydrofuran 2,5-dic.arboxylir. 

The "liquid" isomer, m.p., givcs on 
cdomparahlc treatment mainly polymer, presum- 
ably of trans-tetrahydrofuran 2,.5-dicarbosylit: acid. 
Simple displacmieirts by Waldeti Inversion should 
producle cis c y l i r  compounds from the meso, 
and trans from the d-1 forms. As aside from the 
possibility of  epimerization, only cis forms would 
bc applicbahle to our purposr, the isolat,ion of both 
solid forms of at least oiie variant of I1 was esse !tial. 
The only solid substance of t>his nature so far rr- 
ported was dimdhyl N-phenylpyrrolidiiie-~.,~-di- 
rwlmxylate," m.p. 88". This had beeii ohtail led by 
the reartion of  meso-dimethyl ~~.~~'-di~)l 'onioadipat( \  
1vi-it.h aniline. 1;ormation of anot11c.r isomer was not 
meritioiied, iior \vas the yield of' t>hat obtained. 
The st,erir idciitity of this compound waF: thcrrfow 
unccrtain. 

The dimethyl esters of oc,cY'-dil)lon~o:idipic. acid 
httve somewhat more favorablc properties than the 
diethyl esters. -4 modification of Ingold's prow- 

(2)(a) R .  IVillstatter and R. Lrssing, Ber., 35, 2066 
(1932). ( b )  H. It. Lie Seuer: J .  Chem. SOC., 95, 275 (1909). 
( c )  C. K. Ingold. J .  Chem. SOC., 119, 967 (1921). 

(3)  A .  J. Hill and J. T. Maynard, U. S. Patent 2,596,099. 
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