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of hot methanol and treated with 10 ml. of 3N sulfuric acid 
a t  room temperature for 20 hr. Slow addition of 190 mi. of 
water, and cooling, precipitated the crude product, which 
was recovered by filtration, washed with water, and dried. 
One recrystallization from acetone-Skellysolve B afforded 
6.75 g. of Val m.p. 162-165.5'. A sample for analysis was re- 
peatedly recrvstallized from the same solvents to m.D. 
i71-173', (a]D + 106" (acetone), 72:;' 3420 (OH), 17f5, 
1687 (C=O). 

Anal. Cafcd. for C2&03: C, 76.26; H, 9.89. Found: C, 
76.58; H, 9.98. 

Another experiment, carried out as described above, was 
worked up by extraction with methylene chloride, following 
dilution of the acid hydrolysis mixture with water. The 
crude material thus obtained was chromatographed over 
350 g. of Florisil. Elution with 5% acetone-methylene 
chloride afforded about 2.5 g. of crude oil, recrystallized 
from acetone-Skellysolve B to give 1.18 g. of llp-hydroxy-ll- 
methyl-5&pregnane-b,9O-dime 3-ethylene acetal (IV), m.p. 

((3-0). 
139-142', * ~ ~ ~ ~ 1  3420 (OH), 1682 (CEO), 1100, 1087, 1048 

Anal. Calcd. for C2.,H5~O4: C, 73.80; H, 9.81. Found: C, 
73.62; H, 10.33 

Hydrolysis of 100 mg. of IV in 5 ml. of methanol contain- 
ing 5 ml. of 0 .1S sulfuric acid at room temperature over- 
night afforded, following addition of 4 ml of water, 85 mg. 
of the dioncb Val m.p. 167-168'. 

3cu,llp- Dzhydroxy-1 l-methyl-5p-pregnan-2O-one (VIIIa). 
A. By se1ect.i ve reductzon4 of Va. To a solution of 1.9 g. of Va in 
10 ml. of purified6 dioxane, cooled in an ice bath, was added 
62 mg. of sodium borohydride in 1 ml. of 0.lN sodium 
hydroxide. The mivture was stirred for 2 min. with cooling, 
and then diluted slowly (5 min.) with 12 ml. of water, fol- 
lowed by 0.65 ml. of roncentrated hydrochloric acid. Fur- 
ther dilution m-ith water and extraction with methylene 
chloride gave a crude product that was chromatographed 
over Florisil. Elution with, a t  first 2y0 acetone-methylene 
chloride, and finallv, 25% acetone-methylene chloride gave 
crude VIIIa, recrystallized first from acetone-Skellysolve B 
and then from ethyl acetate to give 0.93 g. of pure VIIIa, 
m.p. 181-183', identical to VIIIa prepared as described be- 
low. 

B. From 3a-hydroxydp-pregnane-11,bO-dione (VI). 3a- 
Hydroxy-5p-pregnane-1lJ20-dione (VI) was converted to 
the 20-ethylene acetal (VII),2 m.p. 139-141", [a]=  + 58" 
(acetone). 

A solution of 13.6 g. of VI1 in 150 ml. of benzene and 100 
ml. of ether was treated with 144 ml. of M ethereal methyl- 
lithium a t  room temperature overnight. The reaction miu- 
ture was washed several times with water, the organic phase 
dried over 3odium sulfate, and evaporated to dryness. -4t- 
tempts to crystallize the resultant glass were unsuccessful, 
both before and after chromatography over Florisil (the 
major prodact was eluted with 5-107, acetone-Skellysolve 
B, and amounted to about 13 g.), so it was dissolved in 200 
ml. of methanol and treated with 10 ml. of 3N sulfuric acid 
a t  room temperature for 28 hr. Addition of 200 ml. of water, 
and prolonged cooling at  about 5" afforded 6.74 g. of crude 
crystals, m.p. ld9-168", consisting largely of VIIIa. A 
sample for malysis was recrystallized repeatedly from ace- 
tone-Skellysolve B to m.p. 184-186", [ W I D  + 111" (ace- 
tone), 72;:' 3540, 3440 (OH), 1687 (C=O). 

Anal. Caicd. for C Z ~ H ~ ~ O ~ :  C, 75.81; H, 10 41. Found: C, 
75.43; H, 10.25. 

The 3-acetate (VIIIb), prepared by treatment of 200 mg. 
of VIIIa with 2 ml. of pyridine and 2 ml. of acetic anhydride 
at  room temperature overnight, was obtained in 93% yield, 
m.p. 169-171.5'. Rrcrpstallization from acetone-Skellysolve 
B afforded %n analvtical sample, m.p. 171-172.5", [ a ] ~  + 
112' (acetone), 7:::' 3440 (OH), 1725, 1240 (CH,C02), 
1684 (C=O). 

(6) K. Hws and H. Frahm, Ber., 71, 2627 (1938). 

Anal Calcd. for C24H3s04: C, 73.80; H, 9.81. Found: C, 
73.50; H, 9.61. 
l1pJ60~Dihydroxy-ll-methyl-5~-pregnan-S-one (IXa) was 

obtained by treatment of 500 mg. of the monoketal IV 
with 122 mg. of sodium borohydride in 10 ml. of methanol a t  
room temperature overnight, followed by hydrolysis of the 
ketal by addition of 2 ml. of 3iIT sulfuric acid in 5 ml. of 
methanol. After a 4 hr. hydrolysis, dilution with water and 
extraction with methylene chloride and eventual evapora- 
tion of the solvent gave an oil (IXa) that failed to crystal- 
lize even after Florisil chromatography (elution with 10% 
acetone-Skellysolve B). 

Acetylation of the oily IXa with acetic anhydride-pyridine 
a t  room temperature gave, after two recrystallizations from 
acetonRSke1lysolve B, the 20Eacetate, m.p. 167-169", 
[ a ] ~  + 42" (acetone), 7:::' 3500 (OH), 1707 (C=O), 
1262 (acetate C-0), not identical with VIIIb. 

Anal. Calcd. for Cz4HZ~O~: C, 73.80; H, 9.81 Found: C, 
73.82; H, 9.77. 

Acknowledgment. I am indebted to Miss M. A. 
Scheri for technical assistance, to  Mr. W. A. 
Struck and associates for the microanalyses and 
optical rotation determinations, and to Dr. J. L. 
Johnson and associates for the infrared spectra 
determinations and interpretations. 
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The preparation of 2,2,2-trifluoroethylnitroguani- 
dine has been reported.' 2-Fluoro- and 2,2-difluo- 
roethylnitroguanidine have now been prepared in 
a similar manner by the reaction of the respective 
fluoroethylamines with l-nitro-2-methyl-Z-thio- 
pseudourea. Efforts to  nitrate the fluoroalkyl- 
nitroguanidines to dinitroguanidine by methods 
similar to those of McKay and Milks2 and Meen 
and Wright3 were not successful. The nitrate salts 
of the original fluoroalkylamines were isolated indi- 
cating that decomposition had occurred. 2-Fluoro- 
ethylnitroguanidine  vas cyclized to the tetrahy- 
drofluoride salt of 2-imino-1,3-diazacyclopentane. 
The free base of this compound was identified as 
the picrate. A comparable cyclization procedure 
applied to  the other fluoroalkylnitroguandiines gave 
negative results. The nitrate and picrate salts of 
2-fluoro- and 2,2-difluoroethylguanidine were pre- 
pared from the corresponding fluoroethylnitro- 
guanidines. 

(I) V. Milani, S. Skolnik, and R. Evans, J .  Am. Chem. 

(2) A. F. McIiay and J. E. Milks, J .  Am. Chem. SOC., 72, 

(3)  R. H. Meen and G. F Wright J. Am. Chem. Soc., 74, 

Soc., 77, 2903 (1955). 

1616 (1950). 

2077 (1952). 
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2-Fluoroethylnitroguanidine. To 4.0 g. (0.0296 mole) of I- 
nitro-2-methyl-2-thiopseudourea was added 8.7 g. (0.1382 
mole) of 2-fluoroethylamine.6 An immediate reaction took 
place which was controlled by cooling with ice. The reaction 
was maintained a t  35-40" for 50 min., cooled to room 
temperature, 50 ml. of ether added, and the solid was re- 
moved by filtration. The precipitate was washed on the 
filter with three 25-1111. portions of ether. Crystallization 
from ethanol gave a product which melted a t  145145.5'. 
The yield based on l-nitro-2-methyl-2-thiopseudourea was 
77.270. 

Bnal. Calcd. for CaH7FNn02: C, 24.00, H, 4.70; K, 37.32. 
Found: C, 24.40; H, 4.86; N, 36.94. 

Z-FZuo, oethylguanidine picrate. The picrate was prepared 
by the hydrogenolysis procedure used for the preparation of 
2,2,2-trifluoroethylguanidine picrate' and melted a t  189- 
191'. 

Anal .  Calcd. for C9HllFN601: C, 32.34; H, 3.32; N, 
25.15. Found: C, 32.46; H, 3.26; N, 24.70. 

2-Fluoroethylguanidine nitrate. This salt was prepared by 
the method used to prepare 2,2,2-trifluoroethylguanidine 
nitrate' and melted a t  104-105". 

Anal .  Calcd. for C3H9FN403: C, 21.43; H, 5.40; N, 
33 33. Found: C, 21 21; H, 5.26; N, 33.13. 
2-Imzno-l,3-dzazacyclopentane fetrahydrosuoride. 2-Fluoro- 

ethylnitroguanidine (1.0 g., 0.066 mole) was dissolved in 50 
ml. of 1-heuanol and heated a t  the reflux temperature (157") 
for 6 hr. At the end of that time some crystalline material 
deposited on the side of the flask. 

After smnding overnight a t  room temperature, the brown 
crystalline material was removed, dissolved in hot water, and 
treated with h'orit to remove the color. The Norit was re- 
moved, the aqueous solution evaporated t o  dryness and the 
residue crystallized from a mixture of ethanol and water. 
The purified material weighed 0.174 g. An elemental analy- 
sis indica1 ed approximately 3.6 molecules of hydrogen fluo- 
ride for each molecule of imino compound. After dissolving in 
407' aqueous hydrogen fluoride, allowing to stand overnight 
a t  room tcxmperature, evaporating to dryness, and crpstalliz- 
ing from an ethanol-water solution, the elemental analysis 
corresponded to the tetrahydrofluoride salt of 2-imino-1,3- 
diazacyclopentane and melted a t  227-231' dec. 

A n a l .  C'alcd. for C3HllF4N3: C, 21.82; H, 6.72; N, 25.45. 
Found: C. 21.37; H, 5.75; N, 25.10. 

This compound was converted to the picrate which 
melted a t  221-223'. A mixed melting point with an authentic 
sample of 2-imino-1,3-diazacyclopentane picrate was not de- 
pressed. This picrate also gave the correct elemental analysis. 

h'-(b,a-Dzfluoroethyl)-~hthalimide. This compound was 
prepared t,y a modification of the method of Childs and co- 
workers.6 l,l-Difluoro-2-bromoethane, 6.05 g. (0.0417 mole, 
10% excess), 6.966 g. (0.0376 mole) potassium phthalimide 
and 5 ml of dimethylformamide were plared in a 22-ml. 
Parr bomb. The bomb was attached to a horizontal stirring 
shaft in such a manner that it would rotate end over end 
inside a furnace. The bomb was rotated and heated a t  210' 
for 8 hr. 4fter cooling, the contents of the bomb were re- 
moved, poured into water, and filtered. The precipitate was 
mashed with water, dissolved in hot ethanol, and treated 
with decolorizing carbon. The carbon was removed and the 
product crystallized from the ethanol solution. Bfter re- 
crystallization from ethanol the product weighed 3.73 g. 
(47Yc) and melted at  116.5-117.5'. 

Anal .  Calcd. for CIoH7FzN02: C, 56.87; H, 3.34; N, 6.63. 
Found: C 56.91, H, 3.02; N, 6.56. 

2,2-Dzj? roroeth~lnztrogzianzdzne. 2,2-Difluoroethylamine 

(4) All melting points were measured on a Kofler micro 
hot stage. 

(5) A. l p .  Childs, 1,. J. Goldsworthy, G. F. Harding, F. E. 
King, A. W. Kineham, IT. L. Norris, S. G. P. Plant, B. 
Shelton, acid -4. L. I;. Tompsett, J .  Chem. SOC., 2174 (1948). 

- 

(1.897 g., 0.0234 mole), prepared from N-(2,%difluoroethyl)- 
phthalimide by the method of Childs and co-workers6 was 
placed in a 50-ml. flask fitted with a Teflon-coated magnetic 
stirrer and a reflux condenser. To this was added a t  once 
1.458 g. (0.0108 mole) of l-nitro-2-methyl-2-thiopseudourea. 
The flask was then placed in a water bath at 50' and the 
contents stirred. The reaction was allowed to proceed with- 
out heating until at the end of 20 min. the temperature of the 
bath was 34". Ethyl ether (10 ml.) was then added through 
the condenser and the reaction heated a t  the reflux tempera- 
ture of the ether for an additional 20 min. The reaction mix- 
ture was then cooled, filtered, and the precipitate washed 
with ether. The product weighed 1.66 g. (9170) and after two 
crystallizations from ethanol melted a t  162.5-163.5'. 

Anal .  Calcd. for C3H6FZN402: C, 21.43; H, 3.60; N, 33.33. 
Found: C, 21.66; H, 3.84; N, 33.00. 
2,b-Dijfuoroethylguanidine picrate. The picrate was pre- 

pared by the hydrogenolysis procedure used to prepare 2,2,2- 
trifluoroethylguanidine picrate' and melted at  197-198'. 

Anal .  Calcd. for CSH~OFZXYTBOT: C, 30.69; H, 2.86; N, 
23.86. Found: C, 30.88; H, 3.03; N, 23.82. 
2,b-DiJluoroethylguanidine nitrate. The nitrate salt was 

prepared from the picrate by the method used to prepare 
2,2,2-trifluoroethylguanidine nitrate' and melted a t  93.0- 
94.5". 

Anal .  Calcd. for C3H6F2N4O3: C, 19.36; H, 4.33; N, 
30.10. Found: C, 19.24; H, 4.45; N, 29.51. 

Acknowledgment. We wish to thank Mrs. P. P. 
Wheeler and Mrs. Katthleen Rumbaugh for the 
microanalyses. 
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Only a few references indicate the position of the 
carbonyl stretching frequencies of oxalate esters. 
Hampton and Newell reported only a single peak 
for di-n-butyl oxalate,' a t  1746 cm.-l This informa- 
tion led Bellamy to conclude that interaction be- 
tween adjacent carbonyl groups was small.2 
Miyazawa and Kurantani3 also reported only a 
single C=O stretching frequency for dimethyl 
oxalate, 1730 em.-' More recently Bender ob- 
served two carbonyl stretching frequencies in a 
spectrum of diethyl ~ x a l a t e . ~  Our findings also 
shorn two carbonyl stretching frequencies in oxalate 
esters. 

(1) R. R. Hampton and J. E. Newell, A n a l .  Chem., 21, 
914 (1949). 

(2) L. J. Bellamy, The Infrared Spectra of Complez Mole- 
cules, J. Wiley, New York, N. Y., 1954, p. 157. 

(3) T.  Miyazawa and K. Kurantani, J .  Chem. Soc. J a p a n  
(Pure Chemistry Section), 72, 804 (1951). Chem. Abstr., 
47, 43d (1953). 

(4) ?VI. L. Bender, J. Am. Chem. Soc., 75,5986 (1953). 


