
irie:isurrd usirig the poterit,ioiiietric. iiirtlioci, titrating tht, : i i i i i i iv  

hydroclilorjde with sodium hytlrositie. The  value for 1 is t):iscatl 
upon 55 points distribut,ed ctrnong three coticcritratiorlcjttioris ivith :tii 

;iver:igt' deviation of  0.039 ph', units. F o r  2, 54 points tiistri-. 
1)utcv.i miong three coiiceritratioiw n - i ~ r c ~  i i s r t l .  I'li t '  :ivrr:igc' cli,vi:i- 
I ioii \vas 0.043 pKli,units. 

Acknowledgment.-'t'hc autliorx arc grateful I ( I  

111.. 110~  Lee for thr. pk', nieasurcnieiits. The author5 
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Cyclopropane Analogs of Choline Ethers' 

Ailtliougli iiiaiiy csters aiid rthers of choline have 11cvii 
csainined for their activity in cholinergic and cholin- 
esterase systeiiis, the effect of coiiforniatioiial chaiigeb 
of the -0-C-('-9 segment has not yet been defined. 
-1 transition froni cisoid to transoid shapes has heen 
considered as a possible source of the stimulatory and 
depressant coniponents of such conipounds. Branch- 
ing of the carbon chain with siiiall alkyl groups greatly 
prolongs the activities, probably by steric iiiterfereiicc. 
with the reactions of the rcspectiw coiiipouiids a t  
hiocatalytical In  such branched compouiids. 
marked diff ereiiccs in tlic activities of optical isoiiiers 
and diastereoisomers have been observed. lye arc 
now wcordiiig the synthesis and biological evaluatioii 
of soiiic 2-S-all;oxycyclopropyl-S,S,S-tPilnethyIa1ii- 
inoniuni salts in which the methyl group of the L Y -  

a i d  ~-1i1ethy1choline cther5, or the iiiethyleiie groiip 
of thc iiiuscarinic agent (2-nirthosyal1yl)trimcthyl- 
:~iiiiiioiiiiint hydroside5 have hcrn incorporated i i i  :I 

sinal1 rigid ring. In  the case of S-(2-benzyloxycyclo- 
propyl) -S, S, S-triiiieth~laiiiiiioi~i~iiii iodides, both tliv 
(is arid trans forms have heen isolated and tested. 

'I'hese compounds were qynthesized by subjectiiig 
poiidiiig 2-alkoxycyclopropaiiecarbo..;ylic acids 

to  iiiodified Curtius degradations and quaterniziug the 
respective 2-alkosycyclopropylaiiiines with iiiethyl 
iodide. During the Curtius procedures, the azides 
u ( ' i ~  i~arrangcd rither to the isocyanates, or better. 
t i aiisforiiied to the corresponding brnzyl carbaniatrs : 
tho latter could hc hydrolpctl or hydrogciiolyzed to 
t l i v  :tniinw. 

Th(. (mifigurations assigiid to the S-(?--benzyloxy- 
(dyclopi opy1)-S,S, S-trlliiethylaiiiiiioiiiiini iodides arc 
hupportcd by thc n.1u.r. spectra of these salts ( s e ~  

'falilts 1). 111 thc ttunx isoiiicr, thv positiw iiiti'ogoii 
iiiay hr, clxpcctcd to  ('ausc' a large1 hliift of thc piotoii 
peak in th r  ?-position due to its higher shielding effcrt. 
I ~ u r t t ~ c ~ ~ ~ ~ i o i e ,  thr peak of thr. 1)crizyl a-protoiis should 
h c ,  shifted less 111 the case of the trans isoiiic'i.. shonii 
i i i  the Expcrinir~ntal scrtioii. the t j  nu s  isoi1it.r prrdonii- 
iiatcs in the Icactioii iili\;turc,. 

Arguiiieiits supporting t h  tmm CtJilflgUlatiOll of t h b  

oiily isomer isolatcd in the case of S-(2-buto\S-c'yc'io- 
propyl)-S,?;,S-trinicthylariiiiiot~i~iiii iodidr :HY pi'('- 
wi tcd in the Experiiiiental wctioii 

Pharmacology.---Tlie incthodology f o r  t ehty  u 11 11 
c ' i ~ - 2 - S - b e i i z y l o x y ~ ~ ~ ~ ~ l o p r o p ~ l - ~ ~ . S . S  - ti~imetli~~laiii~iio- 
iiiuni iodide ( I ) .  the trnii.5 imiiei (IT), a i d  trnrls- 
S - (2-  a- butos\.c~?.c.lopi.opyl~ - S, S, S - trinicthylan~ino- 
i i i [ i n i  iodide (111) i b  summarized 111 the  Experimeiital 
-ccatioii.'J Oii thc, isolated ileum of the guitiea pig, 
I had 110 choliiiergic activity up to 1 0  ? iiig. i n 1  

* i t  1 '2 x 1 0 - 3  iiig. n i l .  it iwluced acct~lclioliiic~-caii 
csoiitrartioiih I)?. .5Oc;. i t  10 ? iiig. 1111. IT h h o \  
iicithcr a clioliiicrgic iior aiiticholiiiergic actioii, \vlii1(3 

111 at 3 x 10-3 2.3 x 10 
tioris of short duratioir. This coiiipares with a siniilar 
c+fecdt of acetylcholiiic~ :It 2.5 x 10 h I I I ~ .  '1n1. 111 
c.oiitiast t o  arctylcholiuc. t l i c i  dfcct of I tT wab i u i t  

c*ancrllrd l'y atropiiir hut 
1111. of hexauiethoiiiuii~ 

- i t  0.25 ing., kg., 1 raised tlic blood piessurr 1)riefl) 
111 thr aitesthetized cat; a rise of A0 i i i i i i .  occuixd 
after O.,! rug. 'kg., hut after I iiig., lig. it rtniouiited to 
oiily 30 i i m i . ,  a d  could 110 longer hr de~iionstratcrl 
after 2 iiig. kg. The pressor effect was iiot affcc.tc~1 
hy lirsaiiiethoiiiuiii, hut \\-as gwatly dcci~casctl 1 I? I 
iiig. kg. of pheiitola~iinc~. By coiitrast. thv I I  (I/!.\ 

i h o t i i v r  (11) rauscd 110 vffcct up t a  1 iiig. lig.? aii(1 5 iiig 

hg. led to aii :tcutc drop iii pressurc with full i~cc.ovoi~~ 
withiii 3 mi11 ('oriipouiid 111 (0.1 iiig. kg.) produced 
3. stroiig pressor cffrct3 of short duration which could 

awtl iiiodet~ately by atropine. l'hentolaniiiic~ 
o r  lic~saiii~tlioiiiiit~i gwatly dwreased the pressor cffccat 
of large doses of IIJ, and abolished it after low doseh. 
,I c~mbination of the two agents always cancelled 
the pressor eft'cvt). Pretreatment with reserpine (,iet. 
IC.;periiriental wctiori) decreased the pressor actioii 
of 11 I :  :I c.l(w ~ I Y W W  dfcct was : w h i c v t l  wit 11 0 .7 

I t i f f .  1111. led to  co1ltl~ac.- 

ah abolishetl 1)y IO-' iiig. 
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mg./kg. Neostigmine (0.1 nig./kg.) did not alter 
the action of 111. 

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 I11 (0.1- 
1 nig. kg.) caused contractions of the nictitating inem- 
branes which seemed to be slightly diminished after 
acute gangliectoiny. Depending on the dose of 111, 
the effects were reduced or abolished by hexametho- 
niuin 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 111, 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.,' I11 behaved quali- 

tatively like l,l-dimethyl-4-phenylpiperaziniuni iodide 
(DXPP) ; the blood pressure rose due to a stimulation 
of sympathetic ganglia, and the tension of the urinary 
bladder increased by parasympathetic ganglionic 
excitation. Quantitatively, I11 was 10-40 times less 
potent than DhIPP, 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 I1 
( 5  mg.ikg.) had no effect, and neither had I11 (0.01- 
3 mg./kg.). 

The i.v. LD,, (mouse) dose was: I, 4.5 mg./kg.; 
and 111, 6.8 nig./kg. The animals died from neuro- 
muscular paralysis after I, and after strong muscular 
fibrillation from respiratory paralysis after injection of 
111. 

Experimental8 

Ethyl cis,trnns-2-Benzyloxycyclopropaneearb~xylate.-To a 
stirred suspension of 0.5 g. of copper powder (hlerck) in 22.0 g. 
(0.16 mole) of benzyl vinyl etherg was added dropwise, a t  loo", 
19 g. (0.16 mole) of ethyl diazoacetate, the temperature being 
maintained a t  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. (647,) of a colorless oil, b.p. 95-99' (0.2 mm.). 

Anal. Calcd. for C13H16Od; C, 70.86; H, 7.32. Found: C, 
70.91; H, 7.56. 

Alkaline hydrolysis as described for the n-butaxy analog below 
gave 2-benzgloxycyclopropanecarboxylic acid in 98yo yield as 
a viscous oil. 
cis,trans-2-Benzyloxycyclopropylamine. A.-Working by the 

general method of Weinstock, lo an anhydrous stirred solution of 
7.9 g. (0.041 mole) of oily 2-benzyloxycyclopropnnecarbosylic 
arid 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 a t  -5' for 30 min., a solution 

(7) G. Chen, R. Portman, and 4 .  Wickel, Arch. Internal. Phormacodun.. 
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) W. 11. Watanabe and L. E. Coulon, J .  Bm. Chem. Soc., 1 9 ,  2828 
(1957). The addition of sodium was omitted advantageously; yield, 34%; 
h.p. 77..5-80° (15 mm.).  

( I O )  .J. Weinstock. .I. Org. Chem., 36, 3511 (1961). 

of 4.18 g. (0.064 mole) of sodium azide in 6 ml. of water wis 
added, stirring was continued a t  - 5  to 0" for 1 hr., and the 
azide was worked up as usual.1° Freshly distilled benzyl alcohol 
(25 ml.) m s  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, yield, 10.2 g. (0,034 mole, 83Oj,). It was refluxed with 57 ml. 
(0.114 mole) of 2 AV KOH in 135 ml. of ethanol for 7 hr., the mix- 
ture was cooled and acidified with 30 ml. of 4 N HC1, and ethanol 
was removed under reduced pressure. After further addition of 
5 ml. of 4 X HC1 the solution was extract,ed with et,her, made 
alkaline with 2 IL' KOH solution, and again ext,racted with three 
60-ml. portions of ether. After drying (MgPOa) and treatment, 
with charcoal, the ether 15-as removed from the remaining oily 
amine (3.8 g., 69%). The infrared spectrum showed cyrlo- 
propane bands a t  1030 and 1018 em.-'. The amine nas 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 C1&6?isO&: C, 56.11; H, 7.63. Found: 
C, 55.86; H, 7.56. 

B.-%'hen a benzene solution of 2-benzyloxycyclopropane- 
carboxazide was refluxed for 8 hr. and evaporated, an 88% yield 
(based on starting acid) of 2-benzyloxycyclopropyl isocyanate 
was obtained. The oily material absorbed strongly a t  2230 
cm.-I. 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 ethano: 
for 2 hr. and worked up as described for the carbamate above. 
The yield of amine was 0.3 g. (40Ca). The infrared spectrnm 
showed bands a t  1030 and 1018 em.-' which niay be ascribed to 
the cis and trans isomers, respectively. The cyclohesylsulfamate 
salt melted a t  135-140O 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-Benzyloxycyclopropyl)-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. (505;). Rec:rystalli- 
zation from absolute ethanol gave colorless crystals, m.p. 168.5- 
169.5'; infrared absorptions at, 1012 and 850 cm.-l. 

Anal. Calcd. for C13HdSO: C, 46.86; H, 6.05; S, 4.21. 
Found: C, 47.00; H, 5.72; S,  4.37. 

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

The mother liquors from the sparingly soluble Polid salt werr 
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 Tyith ethyl acet'ate led to 2.0 g. ( 2 7 5 , )  of 
material which 7%-as recrystallized from absolute ethanol and 
v-ashed with a lit,tle water. The pure isomer (1.6 g.) nielted 
a t  164-168' dec.; infrared absorptions a t  1030 and SSS c m - ' .  

Anal. Calcd. for C,3HJNO: C, 46.86; H, 6.05; ?;, 4.21. 
Found: C, 46.75; H, 6.23; 5 ,4 .05 .  

A mixture of the two isomeric methiodides melted a t  147- 
15oo. 

2-n-Butoxycyclopropylamine. 1.-Ethyl 2-(n-butoxy)cyclo- 
propanecarboxylate (18.6 g., 0.1 mole), obtained in 70% yield 
according to D'yakonov,ll was refluxed in a solution containing 
5.65 g. (0.1 mole) of KOH in 200 ml. of ethanol and 50 nil. of 
water for 30 min. Ethanol was removed under reduced pressure; 
the solution was extracted with ether, acidified, and extracted 
with three 100-nil. portions of ether. Drying (31gSO1) and 
evaporation gave 13.4 g. (975;) of oily 2-(n-butosy)cyclopro- 
panecarboxylic acid. 

2.-The oily acid was converted to the oily h'-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 
a8 described for the benayloxy analog above. The yield of oily 
amine was 70%. The cyelohexylsulfamate salt crystallized 
from a 1O:l mixture of ethyl acetate and tetrahydrofuran, m.p. 
134-139'. 9 mixture melting point wit>h the salt prepared by 
method 3b showed no depression. 

(11) J. A. D'yakonov, Zh. Obehch. Khim.,  19, 18Y1 (194Y). 
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3b.-A solution of 0.5 g. (2 mmoles) of benzyl 2-n-butoxy- 
cyclopropanecarbamate in 20 ml. of ethyl acetate, containing 125 
mg. of 10% Pd on C, was hydrogenated a t  25" at atmospheric 
pressure. After completing the hydrogen absorption the amine 
was worked up and converted to the cyclohexylsulfamate salt, 
imp. 134-138" (from ethyl acetate-tetrahydrofuran). 

Anal. Calcd. for C13H28S204S: C, 50.63; H, 9.15. Fouirtl: 
C, 50.63 : H, 9.34. 

The infrared spectra of t.he salts prepared by inethoth ;;:I 
:tiid 3b &ere identical. 

trans( ?)-N-(2-n-Butoxycyclopropyl)-N,N,N-trimethyIamm~- 
nium Iodide.-The oily 2-n-butoxycyclopropy1:ttnine (6.1 g., 
0.047 mole) was quaternized with methyl iodide as desrribed for 
t)he 2-benzyloxy analog above. The reaction mixture XWF 
filtwed, the filtrate was evaporated, the residue (16.8 g.) \v:~s 
estmcted with 120 ml. of chloroform, and the extractwas cleared 
with charroal. Evaporation of the chloroform and nashing of 
(.he residue with ethyl acetate left 13.4 g. of a solid which crystal- 
lized from ethanol-ether and chloroform-ether, yielding 10.8 g. 
(76:; 1, mp. 108-110"; infrared &sorptions a t  1020 and 83q 
(.111.-1. 

.4nul. Calcd. for CloH2JSO: C, 40.14; H, 7.41: S. 4.hS. 
Found: C, 40.OG; H, '7.35; S, 4 

In the n.m.r. spectrum, the o rotoii peak a t  r 5.S was (wn- 
sidered characteristic of the hydrogen a t  position 2 ( c f .  Table I ,  
trans isomer). 

While it is 
possible that stereoisomeric intermediates may have been lost 
during the synthesis, the appearance of one major carbonyl pe:tk 
in the infrared spectrum ( 1725 cm.-l) of ethyl Z-n-butoxycyclo- 
propanecarboxylate, with only a small shoulder a t  1735 mi.-*, 
implies that  one isomer, probably the lmns form, predominated 
already in this ester. A similar observation has been substmi- 
t,iated in the case of the isomeric ethyl 2-ethoxycyc1oprop:trlr- 
c*:trboxyI:tte~~~; in analogous rases the lower frequency has beeii 
assigned to the truns isonier.r3,14 

Pharmacology-Compounds I, 11, and 111 were tested in the 
following systems: (a)  isolated guinea pig ileum in iitro, at. con- 
ventrations of to  mg./nil.; (b )  blood pressure effects 
in c:tls (for I11 also in rats). Vagotomized animals were used 
under chloralose or pentobarbital anesthesia. Pressur effects 
were also measured after pretreatment wit'h reserpine ( 2  doses of 
0.3 mg./lig. on the two days prereding the experiment), neostig- 
mine (0.1 mg./kg.), and phentolamine :tnd hexamethonium i I 
ing./kg.). (e )  Ganglionic effects in the cat) under urethane or 
vhloralose anesthesia; effects on the blood pressure and urinttry 
bladder tension were measured by the method of Chen, et a/.' 
The effect of preganglionic symp:tt,hetic stimulation w s  deter- 
mined by the contraction of the nictitating membrane of the cat .  
( d )  Effects cn neuromuscular transmission were measured l)y 
stimulating the sciatic nerve arid registering t,hc cont,racatioii ill' 
the gastrocnemii in rats. ( e )  l'he I,I)$,, wits deterniined in niiw 

S o  isomer of this quaternary salt was obt,ained. 

. Etter, l'rr3c. ('iicm. Soc. ,  44:j ( l ! i i j l  I .  
( 1 : i )  J. I f .  Looker and I,. L. Hraun, .I. Org. CherrL., 23, 930 (1938). 
(I 4)  R. .J. Lfohrbacher and N. 11. ('romwpli, J .  .1 m. Clieni. Soc., 79, 401i  

(1957) .  

Derivatives of 
1-(5-Nitrofurfurylideneamino)hydantoin. 
Synthesis and Some Biological Properties 

1-(3-Sitrofurfury1ideneainino)hydantoinl has been 
widely used in the therapy of urinary tract infections 
High urinary concwitrat ioiis follov oral administratioil 
of' th is  drug, hut hlood 1c~vclh arc' uiiiiiiportaiit (\vtsii 

(1) 11. IIases, U. 8. I'atent L.610,181 (19121. 

after intravenous adininistration of' its sodium salt: 
-1tteinpts to  iiiodify its structure have riot given satis- 
factory biological  result^.^-^ Tho cffwts of 3-iubbtit  - 
iicnts iii the liydaiitoiri ring oil the aiitihacterial ucti\S- 
ity, toxicity, and protein-binding capacity oi t he  dnig 
havc iion- txw invrstigated. 

\Vc, ha\-() cwmriiicd compouiicl:, \\ itli tlic fol lo\~i i lg  
gc'1lcr:Ll f o l * l u ~ l l a  

/ (  0, 
(,?I- XI{ 

U.h C'H=h--n---c.O 

aiid thc 
TI1 and T 

ConlDou 

two hc,inicar.bazidoactitic acid t1erivativc.s 

11, 111; and VI alreid; have been de&-ibed,4f6s7 but & h a w  
prepared I1 by a niodified proredure; I1 and V were obtained by 
reaction of the sodium salt of 1-(j-nitrofurfurylideneaniino j- 
hydantoin with ethyl c%hloroacetate and a-diethylaminoethyl 
chloride, respectively. Coinpounds IV and VI1 were obtairitd 
from the corresponding 1-aminolivdaiitoins, prepared from 4- 
substituted semicarbazides by reaction with ethyl chloroacetate 
and sodium ethoxyde,* while I11 and VI were obhined simply 
from 5-nit8ro-2-furaldehyde :tnd seniicarbazidoacetic acid or 
its ethyl ester. 

Materials and Methods. Antibacterial Spectrum.--Serisi- 
tivity determinations n-erc carried out by the broth dilutioii 
method using phenol red mannitol broth (Ilifco) for the genera 
Salnzonella, Staphylococciis, Escherichia, and Aerobacter; phennl 
red dextrose broth (Difco) for the genera Bacillus, Shigella, 
Streptococcus, and Proteus; and nutrient broth (LXfco) for Kleb- 
siella pneuiiionine, Alkaligenes fuecalis, and Sarcina Zufeu. Nitro- 
furan solutions were prepared by dissolving the compound in  
:I 1 : 1 (v./v.) diniet,hylforinamide--phvsiologic:tl saliiie niixtnrc. 
:tiid Seitz filtering t.he solut,ion. The inocula were prepared 11). 
making a 1 :lo0 dilution of 18-hr. cultures grown in txaiti-. 
heart infusion brot,h (Difco). 

Acute Toxicity.-~-dwiss \\.hit,(: riiic.e i 19-20 g . )  \\crc' iii;ci.t(.d 

iiitraperitoneally with 1 nil, of solutinn. T3e:itlis \ver t~i iotrdcivt~r  
7 days and t,he I2Dju values were calculated hy t,hc, riicthoil o f  
Litchfield and Wi1ciixon.Q 

Plasma Binding.---The u1tr:ifiltr:ttioir ~ n c ~ t l i o t l ! ~  TI :IS risc~l. 
Aliout 10--15 nil. of plasniu \vas pipetteti into i t  dinlymr liii)itig 
(tlianietrr inflated to 3 cnr . )  that  w i s  soaked i n  physiologii.:rl 
d i n e  and dried :it, room temper:iture. The) c,t=llophiins\ s:ic.l; 
wts plared in :t heavy-~v\-alled glass tnhe (9  x 2.9 (mi . )  :il)oiit 2 
('In. from the hottorn. T h e  tube IWS t h e n  c,piitrifnged ftrr : h m r  
4 hr. a t  3000 r.p,ni. Of t h e  iilt,rnfiltr:it,i~, 0.6 nil .  \Y:IS i isc~l for t ' ic '  


