
562 N n T l > Vol. 7 

measured using the potentiometric method, titrating the amine 
hydrochloride with sodium hydroxide. The value for 1 is based 
upon 55 points distributed among three concentrations with an 
average deviation of 0.039 pA'a units. For 2, 54 points distri
buted among three concentrations were used. The average devia
tion was 0.043 pA'a units. 
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Although many esters and ethers of choline have been 
examined for their activity in cholinergic and cholin-
esterase systems, the effect of conformational changes 
of the -O-C-C-N segment has not yet been defined. 
A transition from cisoid to transoid shapes has been 
considered as a possible source of the stimulatory and 
depressant components of such compounds.2 Branch
ing of the carbon chain with small alkyl groups greatly 
prolongs the activities, probably by steric interference 
with the reactions of the respective compounds at 
biocatalytical sites.3 In such branched compounds, 
marked differences in the activities of optical isomers 
and diastereoisomers have been observed.4 We are 
now recording the synthesis and biological evaluation 
of some 2-N-alkoxycyclopropyl-X,X,N-trimethylam-
inonium salts in which the methyl group of the «-
and /3-methylcholine ethers, or the methylene group 
of the muscarinic agent, (2-methoxyallyl)trimethyl-
ammonium hydroxide5 have been incorporated in a 
small rigid ring. In the case of X-(2-benzyloxycyclo-
propyl)-X,X,X-trimethylaninioniuni iodides, both the 
cis and trans forms have been isolated and tested. 

These compounds were synthesized by subjecting 
the corresponding 2-alkoxycyclopropanecarboxylic acids 
to modified Curtius degradations and quaternizing the 
respective 2-alkoxycyclopropylamines with methyl 
iodide. During the Curtius procedures, the azides 
wore rearranged either to the isocyanates, or better, 
transformed to the corresponding benzyl carbamates; 
the latter could be hydrolyzed or hydrogenolyzed to 
the amines. 

The configurations assigned to the X~-(2-benzyloxy-
(•y(:lop]'()pyl)-X,X,X-trhnethylammoniimi iodides are 
supported by the n.m.r. spectra of these salts (see 

(1) Grateful acknowledgment is made for the .support of this study, in 
part, by a grant (NR-01445) from the Institute of Xeurological Diseases and 
lUindness, National Institutes of Health, U. S. Public Health Service, and by 
a Fellowship grant to H.-J.P. from Leo Pharmaceutical Products, Ballerup, 
Denmark. 
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(•C> lor a review see M. !•',. WnlrT in "Medicinal Chemistry," A. Burster 

Kd., Interscience Publishers, Inc., Mew York, X. Y., 1961, p. 424. 
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ir.) <;. J. Hecht, Klin. Wochschr., 14, 857 (1935). 

TABI.IO I 

X uci.KAii MAOXETIC KESOXAXOE ISPECTUA or cis- AND traiis-S-

( 2 - B E X Z Y I . O X Y C Y ( . ' L O P R O P Y L ) - X , \ ,X-TK1MKTHY L\MMO\T L \1 

I O D I D E S IX D E U T E R A T E D D I M E T H Y L [SULFOXIDE"' 

isomer/' isomer,0 

'-values r-values 

2 o-{ 2 o 7 •'> Phenyl protons 
•"> 2 0 .">.'.').') 2 Benzyl protons 

0 '•'> 0 7 ."> 71 1 Proton at 2-position 
of cyclopropane ring; 
blurred for cis by the 
solvent peak 

0.70 O.SU !) .V-CH3 protons 
s.: j-0. I s . 2 -0 .0 CHi protons of 3-position 

in cyclopropane ring 
" Tetramethylsilane as the internal standard. s More soluble; 

m.p. 164-168° dee. c Less soluble; rn.p. 168.5-169°. 

Table 1). In the trans isomer, the positive nitrogen 
may be expected to cause a larger shift of the proton 
peak in the 2-position due to its higher shielding effect. 
Furthermore, the peak of the benzyl a-protons should 
be shifted less in the case of the trans isomer. As shown 
in the Experimental section, the trans isomer predomi
nates in the reaction mixture. 

Arguments supporting the trans configuration of the 
only isomer isolated in the case of X-(2-butoxycycIo-
propyl)-X,X,X-trimethylannnonium iodide are pre
sented iii the Experimental section. 

Pharmacology.—The methodology for tests with 
6'i's-2-X'-benzyloxycy<'lopropyl-X,X.X - trimethylammo-
nium iodide (I), the trans isomer (II), and trans-
X - (2 - n - butoxy cy c.lopropy 1) - X, X, X - trimethylammo-
nium iodide (III) is summarized in the Experimental 
section.1' On the isolated ileum of the guinea pig, 
I had no cholinergic activity up to 10 "2 mg./ml. 
At 1 2 X 10~3 mg./inl. it reduced acetylcholine-caused 
contractions by 50%. At 10 2 mg. ml. IT showed 
neither a cholinergic nor anticholinergic action, while 
III at o X 10-3-2.5 X 10"2 mg./ml. led to contrac
tions of short duration. This compares with a similar 
effect of acetylcholine at 2.5 X 10 '' mg./ml. In 
contrast to acetylcholine, the effect of III was not 
cancelled by atropine but was abolished by 10~3 mg. -' 
nil. of hexamethonium. 

At 0.25 nig./kg., I raised the blood pressure briefly 
in the anesthetized cat; a rise of 60 mm. occurred 
after 0.5 nig./kg., but after 1 mg./'kg. it amounted to 
only 30 mm., and could no longer be demonstrated 
after 2 mg.. kg. The pressor effect was not affected 
by hexamethoniuin, but was greatly decreased by I 
nig./kg. of phentolamine. By contrast, the trans 
isomer (II) caused no effect up to 1 mg. kg., and 5 mg. 
kg. led to an acute drop in pressure with full recovery 
within 5 min. Compound III (0.1 mg. kg.) produced 
a strong pressor effect of short duration which could 
be decreased moderately by atropine. Phentolamine 
or hexamethonium greatly decreased the pressor effect 
of large doses of III, and abolished it after low doses. 
A combination of the two agents always cancelled 
the pressor effect. Pretreatment with reserpine (see 
Experimental section) decreased the pressor action 
of ITT; a clear pressor effect was achieved with 0.5 

10; We are grateful to Dr. Ji. H. trey, Leo Pharmaceutical Products. 
Hallerup, Denmark, for these data. 
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mg./kg. Neostigmine (0.1 mg./kg.) did not alter 
the action of III . 

In the chloralosed cat, I (up to 1 mg./kg.) did not 
affect the contraction of the nictitating membranes 
evoked by preganglionic stimulation of the sympathetic 
nerve. A dose of 2 mg./kg. reduced this effect by 40%, 
but already 3 min. later the contraction had recovered 
to 90% of the control value. Compound III (0.1-
1 mg./kg.) caused contractions of the nictitating mem
branes which seemed to be slightly diminished after 
acute gangliectomy. Depending on the dose of III, 
the effects were reduced or abolished by hexametho-
nium or phentolamine. After chronic denervation of 
one nictitating membrane by removal of the ganglion 
5-10 days before the experiment, the denervated 
side was more sensitive to III, perhaps due to hyper
sensitivity of the denervated nictitating membrane 
towards endogenously liberated epinephrine or norepi
nephrine from the adrenals and other tissues. 

In the preparation of Chen, et al.,7 I l l behaved quali
tatively like l,l-dimethyl-4-phenylpiperazinium iodide 
(DMPP); the blood pressure rose due to a stimulation 
of sympathetic ganglia, and the tension of the urinary 
bladder increased by parasympathetic ganglionic 
excitation. Quantitatively, III was 10-40 times less 
potent than DMPP, however. Hexamethonium de
creased or abolished the effects of either substance. 

Up to a dose of 2 mg./kg., I showed no influence on 
neuromuscular transmission but immediately after 
injection of 4 mg./kg. the myogram was reduced by 
90%; full recovery took 3-4 min. Compound II 
(5 mg./kg.) had no effect, and neither had III (0.01-
5 mg./kg.). 

The i.v. LD50 (mouse) dose was: I, 4.5 mg./kg.; 
and III, 6.8 mg./kg. The animals died from neuro
muscular paralysis after I, and after strong muscular 
fibrillation from respiratory paralysis after injection of 
III. 

Experimental8 

Ethyl cis, irans-2-BenzyloxycycIopropanecarboxyIate.—To a 
stirred suspension of 0.5 g. of copper powder (Merck) in 22.0 g. 
(0.16 mole) of benzyl vinyl ether9 was added dropwise, at 100°, 
19 g. (0.16 mole) of ethyl diazoacetate, the temperature being 
maintained at 95-105°. After completion of the addition (75 
min.), the mixture was distilled, a fraction of b.p, 99-114° (0.3 
mm.) being collected (26 g.). Redistillation furnished 23.5 
g. (64%) of a colorless oil, b.p. 95-99° (0.2 mm.). 

Anal. Calcd. for C13H1603; C, 70.86; H, 7.32. Found: G, 
70.91; H, 7.56. 

Alkaline hydrolysis as described for the n-butoxy analog below 
gave 2-benzyloxycyclopropanecarboxylic acid in 98% yield as 
a viscous oil. 

cis,(rans-2-BenzyloxycyclopropyIamine. A.—Working by the 
general method of Weinstoek,10 an anhydrous stirred solution of 
7.9 g. (0.041 mole) of oily 2-benzyloxycyclopropanecarboxylic 
acid in 33 ml. of acetone, was treated with 60 ml. of a dry acetone 
solution of 5.0 g. (0.050 mole) of triethylamine at —5° followed 
by a solution of ethyl chlorocarbonate (6.0 g., 0.055 mole) in 
23 ml. of acetone. After stirring at —5° for 30 min., a solution 

(7) G. Chen, R. Portman, and A. Wickel, Arch. Internal. Pharmacodyn., 
96, 291 (1954). 

(8) Melting points were determined on a Fisher-Johns apparatus and are 
corrected. Boiling points are uncorrected. Infrared spectra were measured 
with a Perkin-Elmer 137 spectrophotometer, n.m.r. spectra with a Varian 
A-60 spectrometer; microanalyses by Mrs. W, E. Coyne. 

(9) VV. II. Watanabe and L. E. Coulon, J. Am. Chem. Soc, 79, 2828 
(1957). The addition of sodium was omitted advantageously; yield, 34%; 
b.p. 77.5-80° (15 mm.). 

(10) J. Weinstoek, J. Org. Chem., 26, 3511 (1961). 

of 4.18 g. (0.064 mole) of sodium azide in 6 ml. of water was 
added, stirring was continued at —5 to 0° for 1 hr., and the 
azide was worked up as usual.10 Freshly distilled benzyl alcohol 
(25 ml.) was added, the mixture was refluxed for 8 hr., and ben
zene and excess benzyl alcohol were removed (0.2 mm.). The 
crude benzyl 2-benzyloxycyclopropanecarbamate was a viscous 
oil, vield, 10.2 g. (0,034 mole, 83%). I t was refluxed with 57 ml. 
(0.114 mole) of 2 .V KOH in 135 ml. of ethanol for 7 hr., the mix
ture was cooled and acidified with 30 ml. of 4 JV HC1, and ethanol 
was removed under reduced pressure. After further addition of 
5 ml. of 4 Ar HC1 the solution was extracted with ether, made 
alkaline with 2 N KOH solution, and again extracted with three 
60-ml. portions of ether. After drying (MgS04) and treatment 
with charcoal, the ether was removed from the remaining oily 
amine (3.8 g., 69%). The infrared spectrum showed cyclo
propane bands at 1030 and 1018 cm. - 1 . The amine was con
verted to the cyclohexylsulfamate salt in ethyl acetate-tetra-
hydrofuran (10:1). After recrystallization from the same sol
vent, the salt (colorless needles) melted at 138.5-140.5°. 

Anal. Calcd. for Ce&eNaOiS: C, 56.11; H, 7.65. Found: 
C, 55.86; H, 7.56. 

B.—When a benzene solution of 2-benzyloxycyclopropane-
carboxazide was refluxed for 8 hr. and evaporated, an 8 8 % yield 
(based on starting acid) of 2-benzyloxycyclopropyl isocyanate 
was obtained. The oily material absorbed strongly at 2230 
cm. - 1 . A solution of 0.95 g. (0.005 mole) of this oil was refluxed 
with 1.4 g. (0.025 mole) of KOH in 8 ml. of 60% aqueous ethanol 
for 2 hr. and worked up as described for the carbamate above. 
The yield of amine was 0.3 g. (40%). The infrared spectrum 
showed bands at 1030 and 1018 c m . - 1 which may be ascribed to 
the cis and trans isomers, respectively. The cyclohexylsulfamate 
salt melted at 138-140° and did not depress the melting point of 
a sample prepared by method A. The infrared spectra of the 
two salts were identical. 

N-(2-BenzyloxycycIopropyl)-N,N,N-trimethylammonium Io
dides.—Oily 2-benzyloxycyclopropylamine (3.6 g., 0.022 mole) 
was added to a stirred mixture of 3.9 g. (0.028 mole) of anhydrous 
potassium carbonate, methyl iodide (93.7 g., 0.66 mole), and 
53 ml. of absolute ethanol. After refluxing for 6 hr., the mixture 
was cooled and filtered from 10.2 g. of solids which were washed 
with absolute ethanol. The material was also insoluble in chloro
form. The precipitated solid was treated with 15 ml. of water 
and filtered. The residue weighed 3.7 g. (50%). Recrystalli
zation from absolute ethanol gave colorless crystals, m.p. 168.5-
169.5°; infrared absorptions at 1012 and 850 cm. - 1 . 

Anal. Calcd. for C I3HMIXO: C, 46.86; H, 6.05; X, 4.21. 
Found: C, 47.00; H, 5.72; N, 4.37. 

On the basis of n.m.r. spectral comparisons, this salt has been 
assigned the trans configuration (see Table I) . 

The mother liquors from the sparingly soluble solid salt were 
evaporated to dryness (2.8 g.). Extraction with 80 ml. of chloro
form dissolved 2.2 g. Evaporation of the chloroform solution and 
washing of the residue with ethyl acetate led to 2.0 g. (27%,) of 
material which was recrystallized from absolute ethanol and 
washed with a little water. The pure isomer (1.6 g.) melted 
at 164-168° d e c ; infrared absorptions at 1030 and S5.5 cm. - 1 . 

Anal. Calcd. for Cl3H2oINO: C, 46.86; H, 6.05; X, 4.21. 
Found: C, 46.75; H, 6.23; X, 4.05. 

A mixture of the two isomeric methiodides melted at 147-
150°. 

2-n-ButoxycycIopropylamine. 1.—Ethyl 2-(«-butoxy)cyclo-
propanecarboxylate (18.6 g., 0.1 mole), obtained in 70% yield 
according to D'yakonov,11 was refluxed in a solution containing 
5.65 g. (0.1 mole) of KOH in 200 ml. of ethanol and 50 ml. of 
water for 30 min. Ethanol was removed under reduced pressure; 
the solution was extracted with ether, acidified, and extracted 
with three 100-ml. portions of ether. Drying (MgS04) and 
evaporation gave 15.4 g. (97%) of oily 2-(re-butoxy)cyclopro-
panecarboxylic acid. 

2.—The oily acid was converted to the oily N-benzyl carba
mate as described for the benzyloxy analog above, in 50% yield, 
b.p. 145-150° (0.3 mm.). 

3a.—The alkaline hydrolysis of this carbamate was performed 
as described for the benzyloxy analog above. The yield of oily 
amine was 70%. The cyclohexylsulfamate salt crystallized 
from a 10:1 mixture of ethyl acetate and tetrahydrofuran, m.p. 
134-139°. A mixture melting point with the salt prepared by 
method 3b showed no depression. 

(11) J. A. D'yakonov, Zh. Obshch. KHm., 19, 1891 (1949). 
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3b.—A solution of 0.5 g. (2 mmoles) of benzyl 2-n-butoxy-
cyolopropanecarbamate in 20 ml. of ethyl acetate, containing 125 
mg. of 10% Pd on C, was hydrogenated at 25° at atmospheric 
pressure. After completing the hydrogen absorption the amine 
was worked up and converted to the cyclohexylsulfamate salt, 
m.p. 134-138° (from ethyl acetate-tetrahydrofuran). 

Anal. Calcd. for Ci3H28N204S: C, 50.63; H, 9.15. Found: 
C, 50.63; FT, 9.34. 

The infrared spectra of the salts prepared by methods 3a 
and 3b were identical. 

trans{ ? )-N-(2-rc-Butoxycyclopropyl )-N,N,N-trimethyIammo-
nium Iodide.—The oily 2-n-butoxycyclopropylamine (6.1 g., 
0.047 mole) was quaternized with methyl iodide as described for 
the 2-benzyloxy analog above. The reaction mixture was 
filtered, the filtrate was evaporated, the residue (16.8 g.) was 
extracted with 120 ml. of chloroform, and the extract was cleared 
with charcoal. Evaporation of the chloroform and washing of 
the residue with ethyl acetate left 13.4 g. of a solid which crystal
lized from ethanol-ether and chloroform-ether, yielding 10.8 g. 
(76r/<), m.p. 108-110°; infrared absorptions at 1020 and 838 
cm. - 1 . 

Anal. Calcd. for Ci0H22INO: C, 40.14; H, 7.41: X. 4,<>S. 
Found: 0,40.00; H, 7.35; X, 4.58. 

In the n.m.r. spectrum, the one-proton peak at T 5.8 was con
sidered characteristic of the hydrogen at position 2 (c/. Table 1, 
irons isomer). 

Xo isomer of this quaternary salt was obtained. While it is 
possible that stereoisomeric intermediates may have been lost 
during the synthesis, the appearance of one major carbonyl peak 
in the infrared spectrum (1725 cm. - 1 ) of ethyl 2-n-butoxycyclo-
propanecarboxylate, with only a small shoulder at 1735 cm. - 1 , 
implies that one isomer, probably the irans form, predominated 
already in this ester. A similar observation has been substan
tiated in the case of the isomeric ethyl 2-ethoxyeyclopropane-
carboxylates12; in analogous cases the lower frequency has been 
assigned to the trans isomer.13'14 

Pharmacology.—Compounds I, II , and I I I were tested in the 
following systems: (a) isolated guinea pig ileum in vitro, at con
centrations of 10~2 to 1 0 - 3 mg./ml.; (b) blood pressure effects 
in cats (for I I I also in rats). Vagotomized animals were used 
under chloralose or pentobarbital anesthesia. Pressor effects 
were also measured after pretreatment with reserpine (2 doses of 
0.3 mg./kg. on the two days preceding the experiment), neostig
mine (0.1 mg./kg.), and phentolamine and hexamethonium (1 
mg./kg.). (c) Ganglionic effects in the cat under urethane or 
chloralose anesthesia; effects on the blood pressure and urinary 
bladder tension were measured by the method of Chen, el al." 
The effect of preganglionic sympathetic stimulation was deter
mined by the contraction of the nictitating membrane of the cat. 
(d) Effects on neuromuscular transmission were measured by 
stimulating the sciatic nerve and registering the contraction of 
the gastrocnemii in rats, (e) The LDM was determined in mice 
by intravenous injection. 

(12) P . S. Skell and K. M . E t t e r , / ' r o c Chem. Sac., 443 (11)01). 
(l:i) J . I I . Looker a n d L. L. B r a u n , ./. Org. Chem., 23 , 930 (1958). 
(11) I t . J . M o h r b a c h e r and N . I I . Cromwel l , J. Am. Chem. Soc, 79 , 100 

(19.-.7). 
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l-(o-Xitrofurfurylideneamino)hydantoin1 has been 
widely used in the therapy of urinary t ract infections. 
High urinary concentrations follow oral administration 
of this drug, hut blood levels are unimportant even 

(1) K. Hayes , U. S. P a t e n t 2,010,181 (19.J2). 

after intravenous administration of its sodium salt . ' 
At tempts to modify its s tructure have not given satis
factory biological results.8™5 The effects of 3-substit-
uents in the hydantoin ring on the antibacterial activ
ity, toxicity, and protein-binding capacity of the drug 
have now been investigated. 

We have examined compounds with the following 
general formula 

jn ^ f 
O J \ / ^ O - " X : H = N — N co 

L, It - CH2COOH V, It = CH2CH,X(C:Ho)> 
II , It = CHaCOOCHs VII, It = m-ClCeH, 
IV, R = C6H5 

a n d t h e t w o s e m i c a r b a z i d o a c e t i c ac id d e r i v a t i v e s 
I I I a n d A l . 

I 1 CH.COOR 

0 2 N ' " S r X ' H = N — N C O N H , 

III , It = O H ; 
VI, It = H 

Compound I was prepared according to Jack.4 Compounds 
I I , I I I , and VI already have been described,4 '67 but we have 
prepared II by a modified procedure; I I and V were obtained by 
reaction of the sodium salt of l-(5-nitrofurfurylideneamino)-
hydantoin with ethyl ehloroacetate and 0-diethylaminoethyl 
chloride, respectively. Compounds IV and VII were obtained 
from the corresponding 1-aminohydantoins, prepared from 4-
substituted semicarbazides by reaction with ethyl ehloroacetate 
and sodium ethoxyde,8 while I I I and VI were obtained simply 
from 5-nitro-2-furaldehyde and semicarbazidoacetic acid or 
its ethyl ester. 

Materials and Methods. Antibacterial Spectrum.—Sensi
tivity determinations were carried out by the broth dilution 
method using phenol red mannitol broth (Difco) for the genera 
Salmonella, Staphylococcus, Escherichia, and Aerobacler; phenol 
red dextrose broth (Difco) for the genera Bacillus, Shigella, 
Streptococcus, and Proteus; and nutrient broth (Difco) for Kleb
siella pneumoniae, Alkaligenes faecalis, and Sarcina lutea. Nitro-
furan solutions were prepared by dissolving the compound in 
a 1:1 (v./v.) dimethylformamide-physiological saline mixture 
and Seitz filtering the solution. The inocula were prepared by 
making a 1:100 dilution of 18-hr. cultures grown in brain-
heart infusion broth (Difco). 

Acute Toxicity.—Swiss white mice (19-20 g.) were injected 
intraperitoneally with 1 ml. of solution. Deaths were noted over 
7 days and the L D M values were calculated by the method of 
Litchfield and Wilcoxon.9 

Plasma B ind ing . -The ultrafiltration method10 was used. 
About 10-15 ml. of plasma was pipetted into a dialyzer tubing 
(diameter inflated to 3 cm.) tha t was soaked in physiological 
saline and dried at room temperature. The cellophane sack 
was placed in a heavy-walled glass tube (9 X 2.9 cm.) about 2 
cm. from the bottom. The tube was then centrifuged for about 
3 hr. at 3000 r.p.m. Of the ultrafiltrate, 0.0 ml. was used for t'.c 

',2) G. ( i iachini , L. Kidenzoni, S. Benvi t rnat i , and V. Avanzin i , ./. Crul. 
84, 189 (1901) ; A. D . A m a r , Antihiot. Med. Clin. Thcrapn, 7, 085 (1900). 

(3) K. K a w a b e , T . Suzui , a n d M . IRUCIU, J. Fharm. Soc. Japan. 80, 09 
( i 9 6 0 ) ; Chem. Ahstr., 64, 120926 (1900) . 

(4) D. J a c k . J. Med. Charm. Chem.. 3 , 253 (1901). 
(.",) .1. C. Michels , Belgian P a t e n t 011,9-10 (1902) ; Chem. Ahstr., 57, 

100256 (1902) ; .1. C. Michels , Belgian P a t e n t 01 1,941 (1902) ; Chem. . l W r . . 
57, l(>625e (1902) ; .1. ( ' . Michels , Belgian P a t e n t 011,944 (1902) ; C>>, m. 
Abstr., 57, 16626d (1962) ; C. F . Spencer , Belgian P a t e n t 018,420 (1903.1; 
Chem. Abstr.. 58 , 9089c (190:i). 

(6) H. Vo ta . A. T a k a i , a n d T . Yokoi , J. Pharm. Soc. Japan, 7 5 , 117 
(1955); Chem. Abstr.. 60, 1 7 8 2 / ( 1 9 5 0 ) . 

17) A. Swirska , ifiJOJtiiA-iChem... 3 1 , IS 3.") (1957): Chem. Ahstr., 52, 10998,/ 
0 958). 

(8) U. J ack , ./. Charm, i'harmarol., 1 1 , 10ST (1959). 
(9) J . T . Litchfield and [<'. Wilcoxon, ./. I'harmacol. Lxpll. Tlicrap., 96, till 

1.1949). 
(10) T. V. T o r i b a r a , Auat. Chem., 26 , 1280 (1954) . 


