
1,5-Dicgano-8,10-dimethyl-9-oxa-3-azaspiro [ 5.51 undecane-2,4- 
dione.-Condensation of 66 g. of 2,6-diniethyltet,rahy~ir~)-~-l,\.l.c in(' 
with 2 molar equiv. (1 17 g , )  of et,hyl cyanoacetrite i n  :til c " r i w s  ot' 
saturated anhydrous ammonia in absolute alcoliol for ;? days :it 
5' yielded 87 g. of the aninionium salt of the diry:iiiiiin~~d(~. 
This was dissolved in n niininiuni of boiling writer : ~ i i d  acidified 
with concd. hydroc2hlorio wid. Cooling uverniglit in the refrigei- 
:it<jr and filtering yielded 63 g. of t,he dicyarioimiclv f iii.1r. 2:HI - 
231 "). I~ecrystullizaticin froni water resulted in it jrrutluc*t, 1 1 1 . 1 ~ .  

ethyl-4-oxacyclohexane-l,l-diacetic Acid.---ITydrrr 
of the dicyanoimide with 4040',7c siilfiiri(. ac,id r e s u l t d  iii p i o r  
yields of the desired acid due t,o destruc4irn ( i f  the pyrorie riri 
the sulfuric :wid. 
hydrolysis as follow: the h i d e  w:is hcriled for  aever:il hours \\it  I :L 
2yc aqueous solution of sodiuni tiydrositltt iiiitil aniriioiii:i ( ~ : t s e ~ l  
to I J ~  evolved. This procedure ruptured t#he iniide ring. 'L'ILv 
resultant solution \vas c.oncentrated under reduc.e,l pressure aiid 
the hydrolysis roiiipJet,ed either by i .I) Iioiling \\it11 15' S.IOlI 
or ( U )  cwned. hydrochloric. sci(l.  7'he wid \v:is (lst,r:wtcd I)!, v i  111- 

tinuous etsher extr:wt~ion overnight, This yielded tlir tetri t-  
carboxylic scid niixed \vith the desired ilii~arlr~isylic~ : i i , i ( l .  ' I l i t  

niixture of acids was he:it,ed slo\vly i i n r i l  etYl'ei~vesc.eiiw i if (,:irl)iiii 

dioxide ceased (deiwbuxy1:ttioii I I ~  the tetr:tc,:trt,irsylii, ttt-id'i. 
1-ooled, and recryst,allized from \\:iter :ifter treating \\ i t l i  ~ i e r o l i ~ r -  
izing c:hari~o:rl. The (.rude :tc*id Iiieltcd :it i : G I 4 l  IJ), eit,lipr 
:tltern:itive h~~drolysis priwedure. 
tone-petroleuin et,her, it iiielted a t  155-1 .>iic. 
3,5-Dimethyl-4-oxacyclohexane-l,l-diacetic Acid Anhydride. 

 the aiihydridp \v:ts fiirnieti 11). ti,c,:itirig tile :t(.id \\-iltr e \ c ~ + s  
: i r ~ t i i .  anhydride : ~ n d  v:wiiiiiii (IistilliiiR t tic, resitlut~. Tlic: 
resultant imhydricle h i l e d  :it 132- 137" 4.(14 i i t i i i .  1 and ineltwl 
:11 110-111". 
1,5-Dicyano-8-thia-3-azaspiro [5 : 4jdecane-2,4-dione.-ht 0". :I 

inist,ure of 30 g. of 3-lietotctrahydrothiophenc, : i d  68 g. of i::h)-l 
i-g:moacaetate \vas itdded tcr 200 nil. of a l i ~ i l i i ~ l  \\-hic.h h:td prcx- 
viously been saturat,ed x i th  aminonis at 0'. The re:tcatiou vessel 

The desired wid \vas ot)t,aiiied 11). step\\ 

( iii rei 

Cyclopropane Methonium Compounds' 

I n  it stud?, ci f  tlie c2ffec.t of liiriiting t I I P  flesiI)ility of t l i e  v l ia ins  !if i i i f l t  1 i i ) i i i i i i i i  rr i i i i i i i i ! inds o i l  tlicr i ~ l i : ~ r i i i : i , ( ~ i r l ( i ~ ~ ~ : , l  

:tc,tions of iwtiiin stereoisomers, analogs of I~ex:triietliirni~ir~~ and suc~i~iri~lcli~ilint. carr>.ing a (,is or t m u s  oriented 
cyclopropane ring in the center ( J f  tlie rh:iin were synthesized. Tile geonietriv isomers of bisitrirnetliylaiii- 
r~ioniumetliyl)~~~clopropane-l,'L-dicart~os~-l:ite :ind o f  the I I I J I I I I J ~ O ~ I I U S  cyc,li,propane-l,~-di:~cet:~te mtrr tli- 
iodides caused predominantly neuromuscular t)locnk :ind resembled siic,ciiiylctioline. The geometric isomers of 
1,2-di-( p-triniethS.lamnioniumeth2.i)c lopropane diiodide exerted prirn:trily ganglionic blockade of t h t  1iex:i- 
rnethonium type. The t r a m  isonier was the more potent in each case. 

(1) This research was supported by Grant B-1445 from the  Insti tute of 
Neurological Diseases and Blindness, Sational Institutes of Health, U. S. 
Public Health Service. 

J'linrmnroi.. 3. 298 (1948): 
. I .  I'hnrm. I ' lrnrmnrol..  1, 6O:j (104 
. \ '~i /u, .r ,  161, i 1 8  [1!1481: f o r  wr.i 
( l ' ; i \ i > s )  Ed. Sci.. 10, 17 cl<l.Li): I I U I ,  l ' ! U ! ) ! .  Druu K e n . .  a,  " Y i  ( l Y t i c J , ,  

( 2 )  (a) K. B. Barlow a n d  I?. I I .  Ing, .Vature, 161, i 1 8  (1948); Brit 
(h) I. F:. Ralahnn. >I.  €3. I , P \ - ~ ,  a.nd R. E. \Ti , 

< ' I  \V, I ) .  M ,  I'aton and 1;. .J. Zaiiiii.. 
e? ,  f r r r .  Px: , l~~ , , l~ ,  . \ .  R!lI.,DP:.. Fni.nln 0. 
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ganglionic blockade5 led Gill6 to postulate that there is a 
range of ititerreveptor distaiicaes, aiid for niaxiniuni 
tilocking actioii of a compound there must be a corre- 
sponding range of inter-quaternary distances as would 
be provided by a flexible molecule. These convlusions 
are similar to tliose of Sorum,' who dernoiistrated cis- 
oid arid traras-oid vonforniations of acetylcholine, and 
suggested that the biphasic activity of this hormone 
may be explaiiied by coiiforniatioiial rlianges. 

l'lexibility (mi be preseri ed, with a certain limitation 
011 raiidoiii conformations of extended niethonium 
rhains, by insertion of a stericdally rigid linkage a t  
least two carl)ons rein01 ed from the quaternary groups. 
Uiel8 iioted tliat liypoteiisi\ e activity was increased in 
:i-liexyiie-l,Ci-biu-tt~imethylamniotii~iiii dibroniide 01 er 
tliat of liexariiethoiiiuiii wliilc cis-3-hexeiie-1 ,ti-bis- 
tritnetliylaniiiioiiiui~i dibi oniide had iio activity. lire 
have now prepared the corresponding trails isomer (I). 
The interiiitrogp distance for 1 is 8.90 A., for the cis 
isomer, 7.20 A. Compouiid I exhibits ganglionic 
blocking activity. 

Our objective is to report the preparation aiid 
properties of several niethonium compounds which 
rontain a cyclopropane ring a t  the center of the chain. 
Ilepending o n  the configuration a t  the cyclopropane 
ring, their onium groups are spaced differently (Table 
I). It appeared interesting to study whether these 
differences would affect cholinergic properties and thus 
aid in appraising steric features of the cholinergic 
receptor site. 

Synthesis.-For the synthesis of trans-3-hesene-1 ,e- 
bistrimethylammonium dibromide, diethyl trans-3- 
hexene-1,6-dioateg was reduced to trans-3-hexene-1, 
G-diol in a manner more convenient than reported 
before.1° This diol was converted to the corresponding 
1,G-dibromo compound and hence to the bisquaternary 
salt. 

cis-1 ,2-Di- (8-trime t hylainnioniunie t hyl) cyclopropane 
was described recently by T'ogel, et al.," but 
before that time we attempted to synthesize this 
compound by another route. czs-l,2-Cyclopropanedi- 
acetonitrile1Z was hydrogenated ratalyti ally to cis- 
1,2-di- (p-aniinoet hyl) cyc~lopropaiie, this diamine was 
methylated by the Esrhweiler-Clarke modihcation of 
the Leuckart reaction, and the bis-tertiary amine 
was quaternized with methyl iodide. The diniethiodide 
thus obtained was identical by direct comparison with a 
sample of cis-1,2-di-(p-trimethylammoniumethyl)cyclo- 
propane diiodide kindly provided by Prof. Vogel. A 
previous attempt to synthesize the same quaternary 
compound by a different route did not furnish this 
material. cis-l,2-Cyclopropanediacetic acid was pre- 
pared by the method of Hofmanii, et U L . , ~ ~  aiid reduced 
to cis-1,2-di-(/?-liydroxyethyl)cyc.loproparie. When this 
diol was brominated n-it11 phosphorus tribromide, 
an oily product, presumably cis-l,2-di-(p-bromoethyl)- 

( 5 )  E. W. Gill and  R. H. I n s ,  J .  Chem. Soc.. 4728 (1958). 
(6) E. W. Gill, Proc. Rou. Soc. (London), BlSO, 381 (19,jQ). 
(7) H. Sorum, Acta Chem. Scand., 13, 34.5 (1959). 
(8) J. H. Biel, J. Am.  Chem. Soc., 80, 4609, 4614 (1958). 
(9) This  compound had been preiiously prepared by a different route; 

(IO) R. A. Raphael and  C. M .  Roxbury. J .  Chem. Soc., 3875 (1952). 
(11) E. Vogel, K.-H. Ot t ,  and  K. Gajek, Ann. Chem,  644,  172 (1961) 
(12) We thank  Prof Vogel for ad \ance  notice of the  synthesis of this com- 

IJollnd. 
(13) K. Hofinann, S. 1'. Oiocl ie i ia ,  S. hl. Sax, uiid G. A .  1 ofire)., J. Am. 

Chem. Sac., 81, 992 (1959). 

H.-F. Piepenbrink, Ann. Chem., 5T2, 83 (1951). 

cyclopropane, was fornied. Oil standing with excess 
riiethanolic trimethylamine a t  25' for two weeks, this 
dibroniide yielded 7876 of a rrystalliiie compound 
which analyzed for cis-l-(p-bronioetliyl)-2-@-trimetliyl- 
ammoniuniethy1)cyclopi~opane bromide. Its infrared 
spectrum (ci703000 cm. -l) was in agreemeiit with this 
interpretation. h model of this compound iiidicates 
that the reactivity of its bromoetliyl group could be 
restricted by the proximity of the quaternary ani- 
inoniuiii group. In  ail effort to overcome this hin- 
dranre, the nionoquateriiary halide was heated a t  100' 
with excess trinietliylaniine under pressure for 7 days. 
1;roiii the reaction mixture, about 20% of tetraniethyl- 
animoiiium bromide wis isolated as well as a waxy 
material which was characterized as a dipicrate, 
C,H,,S, .2CgHBSaOi. It was not ideiitic.al witli the 
dipicrates of either cis- or frans-l,2-di-(p-dirnethyl- 
aniiiioethyl) ryclopropaiie. 

For the syiitliesis of trans-1,2-bis(/3-trin~ethylam- 
moniuniethyl)cyclopropane, 2rans-l,2-cyclopropaiiedi- 
acetonitrile was synthesized from trans-l,2-cyclopro- 
panedicarboxylic acid in four steps analogous to  those 
described by T'ogel, et al., for the cis i s ~ n i e r . ~ ~ , ' ~  Hy- 
drogeiiatioii oI-er Kaney nickel as in t,he cis series gave 
trans-1,2-di-(/3-aminoethyl)cyclopropane. The struc- 
ture of this diamine was proved by the identity of its 
di-p-aminobenzoate salt with that obtained by sodium 
and ethanol reduction of the dinitrile, conditions known 
to leave the cyclopropane ring intact in the reduction 
of similar nitriles.15.16 The subsequent steps for the 
conversion of the !rans-di-(p-aminoethyl) compound to 
trans-l,2- bis (p-trimethylammoniuni) cyclopropane were 
the same as those in the cis series. 

Choline esters of cis- and trans-1,2-cyclopropanedicar- 
boxylic and -diacetic acids were obtained via the bis- 
acid chlorides, the bis(p-dimethylaminoethyl) esters, and 
quaternization of these derivatives with methyl iodide. 

Pharmacology.-Biological testing and interpretation 
of the test data were contributed by Mr. Robert G. 
Hauser and Dr. Floyd R. Domer, Department of 
Pharmacology, University of Cincinnati, College of 
Medicine, to whom we are very grateful for permission 
to quote their results. 

LDsG values were determined on int,raperitoneal injection of the 
compounds into mice weighing 20-36 g. I n  anesthetized dogs, 
arterial pressure (mercury manometer) and twitches of the leg 
muscles on maximal nerve stimulation were recorded. Chicks 
(3 days old) received the compounds through the jugular vein. 
Responses of the nictitating membrane to pre- and postganglionic 
maximal stimulation were recorded in anesthetized cats. 

The LDbo values were: I, 75 mg./kg.; 111, 3 mg./kg.; V, 6 
mg./kg.; XI,  100 mg./kg.; XI I I ,  30 mg./kg.; XV, >lo0 mg./ 
kg.; XVII, 85 mg./kg. Aqueous solutions of the compounds 
were stable for over 1 hr. except that of XV which decomposed 
over 15 min. as judged by its effects on the mice. Death by 
respiratory paralysis occurred within 10 min.; muscular fascicula- 
tions were noted with I11 and XIII.  

Up to doses of 1 nig./kg. for I11 and V, and 5 mg./kg. 
for XI11 and XVII, these compounds were similar in 
their effects. They did not affect the response of the 
nictitating membrane of the cat to preganglionic stimu- 
lation. They had little effect on the arterial pressure 
of the dog, in doses up to 100 bg./kg. for 111, XIII, and 

(14) Prof. Vogel advised us  privately of the  validity of these steps in the  
trans series and reported in his letter the  melting point, 117-118°. for his 
trans- l ,2-cyciopropaneri ia~~tic  acid. 

(1.5) J. yon Braun, .\I. Kahn,  and  8. Siddirlui, H e r . ,  59, 1081 (1926). 
(le) J. D. Roberts and R. 1-3. hIazur, J. Am. Chem. Soc., 73, 2509 (1951). 
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From trnns-l,.'-cgclopropa~iedicar.bosIi(~ acid [I<. B. )+?berg, It. I<. U:irries, :IMI . I .  . i l l r i i i ,  ./. . 1  W .  ( ' / i r ' / / / .  S o  c.. 79, 49!)4 il057;I (0 .02  
iriole) and thionyl chloride (0.08 mole j, 3 hr. a t  reflux. then treatrneiit with 0.06 niole I-if tlimethyln~r~i~i~ietliaiictl in 10 mi. of dry rther 
with cooling Over 3 hr., and work-up. Fro111 the trrtinry :iiiliiio wi t t i  riirtliyl irttlide in :wetime. I{(>- 
crystallized froni MeOK. e From c is -]  ,.'-cyc~opropanedicarbo~iyl chloride (F. Fichtcr and 11, ,Spiegell)erg, Hcli,. ('hz'i/i ,  Ac ta , ,  12, 1 1.52 
(1929)l as in '". 'I Frnrrl 1-11 1)). Ii>.clrc,l),sis with lioiling 20'; ;iqUelJUS NuOFI 
solution for 3 hr. Colorless needles.'l Prepared in ether sdutiori, white needles t'rclrii ethanol. ,' t (?' ' i i  1.4460. Froni trrr?rs-l,2- 

1Jrorii 
' Froiii 

lfezisured with Stuart :iud Briegleh ~ ~ ~ J ~ w i i l : u  ;\lodele, A .  S. La Piiic, 
' 1IistiircJ nlelting point Kith XI\* dipic4r:ite W:IS 130-1 $0' 

Recrystallized from EtOH. 

Iterrystallized from MeO-HEtOAc. n% 1.4670. 

clopropanediaretic. acid as in footnote u .  
IV with formic acid and formaldehyde (see S). 

' From c.is-1,2-cycloprop:inediac.etc,nitrilr~' as desc.ril)ed for tlie i r r c ~ i s  isorrier (IS ). 
Undepressed oii :idmixture with ;i s:irilple provided 11) Prof. 1';.  gel. 

cis-l,2-r~cloprupanediacetic acid13 as described in footnote a. 
Co., Chicago 29. Illinois. * Only :I 2 ing. saniple xas :ivailahle fur analysis. 

XT-11, and 7.50 p g .  kg. for T'. &il l  4 coinpounds blocked 
the twitches of the leg muscles on stimulation of thr 
sciatic nerve in the dog; potelivy varied in the follow- 
ing order: I11 > XI11 > XVII = succ~iiiylcholine > 
1'. Suc'c.iiiylcholiiie produced cwmplete block at  100 
p g .  kg., the  effecets disapp(wiiig within ahout 5 miii 
In the c.1iic.k. all 5 cwiiipouiids c.:iii*ed opisthotoiiui I T - l i c i i  

gil ell in  thew ~ C ) I ' C Y  

Compounds XI a id  X\7 i ~ w ~ i i i ) l r d  each otlirr 111 t l ie i i  

effects, arid ab far a:, it nab tested. I had similar a(+ioii* 
Tlie first tn-o c~oiiipounds did iiot diiniiiiah thti respoiisch 
of tlic leg musc.les to stimulatioii of the :,viatica iien e i i i  

the dog or induce opisthotoiius in thc cliivk, i n  dosec 
up to 1 mg. kg. for XI and 5 nig. kg. for XI7. -It 1 
mg. kg. all 3 c.oiiipouiids r>lirited a fall of arterial blood 
pressurc iii the. dog similar iii dc>giw as c.lic,itcd by 1 
mg. kg. of h~xanirthoniuni. 4 qiniilai, d rg iw  of Ij1oc.h 
of the iiivtitatiiig ~iienihra~ic of tlic rat to pregaiigli- 
oiiic. (hiit irot to postgaiiglioiiics) i i c i ' i  c stirnulatioil \\-ah 
pioduccd by 5 ]rig kg. of S\' a i i d  I iiig kg. of XI. 
'I'lie effecat of' S V  I I I  h t l i  vat alid d ( ~ g  lastc~d only 
few miiiutes, n lierras thosc of XI were like those ot 
lirxanicthoiii~ni 111 lasting nioi'r than 1 hr. 

The predominaiit action of 111, v, XIII, aiid X \ X  is 
neuromuscwlar bloc-k. Theie compounds resemble suc- 
c+iylcholine but are of varying potency. The prr- 
dominant action of XI aiid XI7 is ganglioiiic blockadc 
aiid these tn o cvnipounds wseinble hexametlioaiuni : 
XT' is iiiistal-jlti irc /i/ o atid 7 r 1  / i t r o ,  The t r a ~ s  isomxi. 

was the iiioi'c potent iii w r h  case] the diffcreiice hciiig 
most striking IxtTvceiI IT1 a i d  T-. The sirnilarity of 
the spaciiig of t h r  oiiiuiii lieatls i i i  111 aiid suwiilylcho- 
lii i t l  is i i o t e \ v o i , t h \ ~  i i i  tliis coiiiiectioii. 

Experimental 
Melting pc~ints :ire u r r r  

:tndyses lry Miss LY. Sh 
( ;erriiany. For p1iysii;nl and :trialyticnl d:tt:I of 
c.onipounds, see Talde I. 

Diethyl t/ans-3-Hexene-1,6-dioate.---Into it solution ( i f  10.6 g. 
(0.1 mole) of i~cirts-l,4-tiic~~y:ino-L'-huteiie'' in 123.6 ml. of 97.1 
ethanol, dry hydrogen chloride was passed for 3 Iir .  l'he solution 
wiis cooled, filtered from iiiiiiiii~rli~in chloride, tlie filt>rate was 
mixed with an equ:tl volume of :I saturated sodium oliloride solu- 
tion, :inti extracted witli four. 100 nil .  portiuns of ether. l 'he  
ether ext,rnc'ts wrrc xished wit l i  xituriited pot:issiuni c:irbonatr 
YlJlUti(Jn :mtl rv:itt.r, tlrirtl. ;ind distilled The nioin fr:tctioii, 
I J . ~ .  12%-124a (S r i i n i . ) ;  ) i % )  1.4401, weighed I.'..(\ g. (.(j3c.i i: 
lit.,@ b.p. 133-135" (14 IIII~I. !. 

tmns-3-Hexene-1,6-diol.- -'PO :) stirred slurry of lit Iiiuiii 
aluminum hydride (14.3 g.) iii uih>drous ether (400 nil. 1 WM 

added dropiyise \\-it11 i-or~ling 5 siilutioii of diethyl trari.a-3-hczeirc~- 
I,e-dioate (25  g.) in iinhydrous ether 1500 nil.) over it period trf' 

1.5 hr. The mist,ure was then gently refluxed for 2 hr., cooled. 
and water (16 rnl.)  slowly added followed by the calculated 
amount, of 20"; sulfuric :icid. The ether layer was separat,eti 
arid the aqueous layer extracted with ether ( 5  X 100 ml.). The 
ether layer arid extracts \vert cornbined, dried over anhydrons 
sodium sulfate. and the ether \?as evaporated. The oily residue 

tl, Iioiliny points iiriciJriec~t?d. hli(,rii- 
Id, and  Mfred Uerri1i:tr 
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on distillation gave a main fraction (9.2 g., 63.57,), b.p. 112-115" 
(2 mm.), 71% 1.4726. The bisphenylurethane melted a t  160- 
161". Lit.lo b.p. for trans-3-hexene-1,6-diol, 88-90' (0.3 mm.), 
n% 1.4747 (prepared by a different route). Lit. m.p. for the 
bisphenylurethane, 161-162". 
trans-3-Hexene-1,6-bistrimethylammonium Dibromide (I).- 

A solution of 5.8 g. (0.05 mole) of trans-3-hesene-l,6-dol in 2.6 g. 
(0.063 mole) of dry pyridine was cooled to -30°, and 9 g. (0.033 
mole) of phosphorus tribromide was added dropwise with stirring 
a t  -20 to - 10". After another hour at, - 10" the mixture was dis- 
tilled and 7.0 g. (5870) of trans-l,6-dibromo-3-hexene, b.p. 84-86' 
( 5  mm.); n% 1.5228, was collected.18 This oil was dissolved 
in 25 ml. of ether, cooled to -40", 25 ml. of a 25% methanolic 
solution of trimethylamine was added, and the solution was 
allowed to stand in a pressure bottle a t  25" for 5 days. The 
precipitated colorless solid was filtered off and recrystallized 
from ethanol. The colorless needles, m.p. 279-281' dec., repre- 
Bented trans-3-hexene-1,6-bis-trimethylammonium dibromide ses- 
quihydrate (6.7 g., 717,). 

Anal. Calcd. for C12H28Br2S2.1.5 H20: C, 37.23;  H, 8.07. 
Found: C, 37.34,37.07; H, 8.1!1,8.14. 

The dipicrate was prepared in aqueous solution and recrystal- 
lized from acetone; yellow needles, m.p. 263-264". 

Anal. Calcd. for C24H3&&14: C, 43.90; H, 4.91. Found: 
C, 43.49; H, 5.11. 

The dibromide (0.35 g.) was saturated by hydrogenation in 
methanolic solution over a palladium oxide catalyst at  room tem- 
perature and pressure. One mole of hydrogen was absorbed, 
and the product was purified by crystallization from ethanol. 
Colorless needles (0.32 g., 91%;,), m.p. 272-273" dec. Hexa- 
methonium dibromide melts at  272' dec.2b 
trans-1,2-Cyclopropanedimethyl Ditosylate (VI).-To a solution 

of 60 g. of p-toluenesulfonyl chloride in 123 ml. of dry pyridine 
a t  -5' was added a solution of 11 g. of frans-l,"di-(hvdroxy- 
methy1)cyclopropane in 28 ml. of dry pyridine over a period of 30 
min. After standing for another hour a t  -10 to -5", thcmixture 
was poured into ice water, most of the pyridine was neutralized 
with 257' sulfuric acid, and the precipitated white solid was 
filtered and recrystallized from methanol.'$ 
trans-1,Z-Cyclopropanediacetonitrile (VII).-A solution of VI 

(40 g.) and 50 g. of sodium iodide in 280 ml. of acetone was 
stirred and refluxed for 1 hr., sodium p-toluenesulfonate was 
filtered off, the filtrate concentrated, and the residue dissolved in 
water and extracted with ether. The ether extracts were 
washed with sodium thiosulfate solution, dried, and evaporated. 
The residual oily trans-1,2-di(iodomethyl)cyclopropane (28 g.) 

(18) This dibromo cornpound has  been meitioned without  a?y description 
b y  LeR. W. Clemence and AI. T. Leffler, U. S. Patent 2,646,876 (hlarch 20, 
1951). 

(19) A. T. Blooniquist and  D. T. Longone, J. Bm. Chem. Soc., 81, 2012 
(1959). 

was dissolved in 140 ml. of ethanol and treated, with stirring, 
with a solution of 22 g. of potassium cyanide in 35 ml. of water. 
The mixture was refluxed for 4 hr., concentrated in z'acuo to 
60 ml., and extracted with ten 50-ml. portions of ether. 
t~ans-1,2-Di-(p-aminoethyl)cyclopropane (IX).-(a) A satu- 

rated ammoniacal methanolic solution (350 ml.) of V I 1  (4 9.) 
was hydrogenated with Ranev nickel a t  3 kg./cm.* for 12 hr.; the 
catalyst was filtered and the oily residue distilled. (b)  To a 
solution of 1.2 g. of VI1 in absolute ethanol (100 ml.) was added 
sodium (2 .5  g.) in small pieces, a steady evolution of hydrogen 
being maintained. Then concentrated hydrochloric acid was 
added to pH 1; the mixture was concentrated in DUCUO and ether 
extracted. The ether solution was concentrated, neutralized 
with ethereal p-aminobenzoic acid, and the precipitated oil was 
triturated with ethanol. It crystallized after 1 week and was 
recrystallized from ethanol. A mixture melting point with a 
sample prepared by method (a )  was undepressed, and the infrared 
spectra of the two salts were identical. 

trans-1,2-Di-(p-dimethylaminoethyl)cyclopropane (X).-To 
10.5 ml. of 957, formic acid was added 2.6 g. of the diamine IX ,  
then 10 ml. of formaldehyde solution, and the mixture was 
heated on a steam bath for 9 hr. Biter cooling and addition of 
20 ml. of 4 N hydrochloric acid, i t  was concentrated to about 12 
ml. under reduced pressure, made basic with 207, sodium 
hydroxide solution, et,her extracted, and worked up. 

cis-l-(p-Bromoethyl)-2-(p-trimethylammoniumethyl)cyclo- 
propane Bromide.-cis-l,2-Di-(hydroxyethyl)cyclopropane~~ (3.2 
g.) was treated with phosphorus t,ribromide as described for 
trans- 1,6-dibromo-3-hexene above. The resulting cis- 1,2-di- 
(bromoethyl) cyclopropane (2.1 g., 33%) had b.p. 102-104" ( 4  
mm.), nZ8D 1.5245. A solution of 2 g. of this dibromo compound 
i n  10 ml. of ether was added to 15 ml. of a 25% ethanolic solution 
of trimethylamine a t  -50" and allowed to  stand in a pressure 
bottle for 14 days. Evaporation furnished an oil which crystal- 
lized to a colorless solid on treatment with ethyl acetate and 
acetone. Recrystallization from ethanol gave 1.8 g. (7375) of 
needles, n1.p. 287-289' dec. 

And .  Calcd. for CloH?1Br2N: C, 38.12; H, 6.72. Found: 
C, 38.51; H, 7.02. 

When this salt (0.5 g.) was heated with 30 ml. of a 12.57, 
anhydrous methanolic solution of trimethylamine in a sealed tube 
a t  100-110" for 7 days and the reaction mixture was evaporated, 
a waxy residue was obtained from which 0.1 g. (207,) of tetra- 
methylammonium bromide was elaborated by trituration with 
30 ml. of dry acetone. 

Anal. Calcd. for CaH12BrN: C, 31.18; H ,  7.85. Found: 
C, 31.05; H, 7.46. 

The residual oil was converted to  a dipicrate which crystallized 
from ethanol, m.p. 175.5-177". 

Anal. Calcd. for C23H30N8014: C, 43.00; H, 4.71; N, 17.44. 
Found: C, 42.90; H, 4.61; S, 18.06. 

It sublimed above 200'. 
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The preparation and antibacterial activity of a number of 7 and 9 disubstituted 6-deoxytetracyclines are de- 
scribed. 

The successful introduction of various functional 
groups into the 7 or 9 positions of the aromatic ring of 
the 6-deoxytetracyclines2 and the effects of these 

(1) (a) For the  previous paper in this series see J. Hlavkrt. H.  K r z z i x k i '  
and J. Boothe, J .  Org. Chpm.. 27, 3674 (1962): a preliminary repnrt of this 
material has been published in J .  Am. Chem. Soc.. 82, 1253 (1960). (b) 
Please address reprint requests to J. H. Boothe. 

(2) Recently i t  has been shown tha t  the  stereochemistry of the  6 position 
in the  6-deoxytetracyclines is t h e  unnatural or e p i  configuration ( p ) ,  M .  
Schach yon Wittenau, J. Beereboom, R. BlrtckKood, and C. Stephens, J .  Am. 
Chem. So( , 84, 2645 (1962). 

substituents on in vitro antibacterial activity have been 
previously rep0rted.~.4 The retention of broad spec- 
trum antibiotic properties by many of these new 
derivatives as well as a marked increase in antibacterial 
potency in some cases was noted. In order to under- 

(3) (a) J. Petisi, J. L. Spencer, J. J. Hlavka. and  J. H .  Boothe, J .  Med. 
(b) J .  J .  Beereboom, J. J. Ursprung, H.  Renn- 

(4) J. J. Hlavka, A. Schneller, H. Krazinski, and J. H. Boothe, ibad . ,  84, 

Pharm. Chem., 6, 538 (1962); 
hard,  and  C. R. Stephens, J .  Am.  Chem. Soc., 82, 1003 (1960). 

1426 (1962). 


