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Among antibmtic-~ of vegetable origin mterestm;, propemles are pr,.~z~ed by capdlene tagmpyrene) and capils 
wh,ch are relative1) stmple derlvauves of butadl)ne and have e x c e p u o : ~  5 high fungtcidal aetiwt)  [1-3]. The. fcr- 
mula flint suggested for capdlene as a substituted 1-buten-~-)x,e r4] wa~ l a i r  ~lthdta,,n [5], and it was proved by 
direct synthesis [G] @at it is 1-phenyl-2,4-hexadi)ne tl). Ho~,ever, ~.e method of synthesizmng caDllene that l:, de-  
scribed m the literature ~s of purely theoretical stgmficance o~e!d a b o ~  i ~-) and cannot be used for the prepar:me.~ 
of its analogs. The second antibiotic of  thts type, namel)" caF:t!m, ~hlcE is 2,4-hexadD~nophenone UI), was prepared 
m satisfactory )lcld from i,3-pentadiyne [7]. The stvact-~al retatmns.~.,p b~tween these two antibiotics was confir~e.d 
by the direct oxidation of caplklene to capllhn [8]. 
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In the literature [3] it is stated al.~o that dlacetyle'nie compouv.ds c f  ti-,e t)pe C~tI~ I:~! - -C  .~ C.C ~_CI/ bare 
baetenctdal and fungmidal actt~lt)' smular to that of caplLlene and cap,rim. 

We had at our disposal a general method for the preparation of va.-io~ monosubsututed butadt)nes of gel,eral 

formula R . C - C . C - - C H  where R = -A1k, -CHzNtRI~ and -C(OH) [9], and we set oumelves the task of .qzg- 

ing accessible ways of s)nthestztng captllene (I), capdhn fit), and related compmmds from these butadt)'I~es ~lth tee 
object of making a more detailed stud}' of the ph)'siologteal act,vit) of tee products. The stmplest method for the 
synthesis of r and its homologs could be the reactiora of metal  denvauves  of alk)lbutadtynes with be.n2 ~,1 
chloride or bromide. Ho~,ever, It ts stated m the literature that benz)'1 ~.ahdes scarcely react with substituted bu:a- 
di),nes, and several attempts to bring about such reacuom were not suecc~:~al ~G]. V& have shown that m orgaeaon-ag- 
nestum synthesis w~th aLkylbutadiynes benzyl p-tolueraesulfonate, used earl,er m reactions wtth aceDlene den~ a,a-'.zs 
[10], can be employed succc~afuUy m place of a benz)l hahde.  With tk.e aad of this alkylaurag agent from alk) l -  
Imtadlynes we obtained the corresponding aLk)lbcnz)lbutadl}-ne~, including eaplllene itself, m qmte sausfacto~'y 
yields. The ymld of the mterestmg phystologleall) active compound, caplUene, attained 40go, which makes it q,a~ze 
aceesstble. According to ,ts mnfrared spectrum the capdlcne prepared b) s n,.ethod ~s ldenttcal to the natural product :#~]. 

C.Ill~!illZ. B r 
AIk,C =-: C-C ~ C i l  Alk-C ~_ C-C ~ C.MgBr --- 

C, IIICII~. OSO.- C, l i~,.CII i  
" C . , t l l t C t b ' C  ~ C - C ; ~  C - A l l  

It was found that benz)l p-toluenestllfonate rcadd) rvac=, not oral)" with alk),lbutadiynes, but also with ~he co:-  
resporadmg diacetylemc alcohols (with acetal protection of the hydrox)!}. ~ this method we readily prepared, for ,:x- 
ample, 2-methyl-'/-p. ' . .cn)1-a.5-heptadtyn-2-ol (lit), for who~ s)'nthesi~ b) the other pomible method the almo~ m -  
aecemlble benzylbutadD~e ts required, The yie:ds and eor.~ants of the caDiLlcne analogs that we prepared are g~, c= 
m the table. 

For the preparatmn of capdhn (ll) and its butyl analog tIV) we c~'-.d~.m.~ed the magnesium den~auves o~ tim ccz- 
respondmg alkylbutadi)a:cs with ~nzaldeh) 'dc and oxidized the dtacet)I  a~cohots (V) and (VI) with chrom:c ard.,d:.. 
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Formula 
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t 
! "N;741 See F..xpenmenr~! 

In both stages the yields ~ere fairl> good, which makes thcsc compounds quite accessible s}ntEeucall) ' .  Moreover. 
we synthesized captLhn also by the direct condensation of the magnesium dcrna t lve  of  mcth)lhuta21)wle [1,3-penta- 
diyne] with benzoin anhydride. 

Aik C .=- C.C ~ CMgBr - -  

(C.!!.cO~tO 

C.H.CI ! O 
(R)2 N.Ctl~ C -- C-C -~ C.MgBr - - - -  --. 

(VII )  R = CH, 

(VIII) R -~ C-tls. 
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r 

* AIk-C ~ C.C ~+ C CO.C,  t ls  

(II)  AIk = CIIn 
(IV) AIk = n -C,  HI 
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(R): N .CII=.C -- C C ~ C -- CH -- C~Ii~ 

(lX) R = CH, 

(X)  R = C:Ha 

reactions with bcnzaldchyde, apart from alk)lbutadl}nes, we may use the N,N-dialk)l-2,4-pcntad~ynyl-  
amines (V[.I) and (VIII), the general method of synthesizing such compounds was described by us }re: i o~ ly  [9]. In 
this way we obtained, in good 2r the corresponding 6 -d ia lky lammo- l -pheny l -2 ,4 -hexad tyn- l -o l s  fiX) and (X), 
the simplest members of  a new class of  butadiync derl~ au~es having potential fungicidal acuvi ty .  ~ e  have not )et 
succeeded in oxidizing these alcohols to tim corresponding ketones. 

All the abovc-deseitbed compounds are fairly stable, may be crystalhzed from low-boding soI~ ents or vacuum- 
distilled, and may be preserved for a lo,lg ume m a mtrogcn atmosphere at 0". 

E X P E R I M E N T A  L 

1-Phenyl-2,4-hexad~yne (Capdlcne) U). A solution of  3.2 g of 1,3-pcntadQ'nr m 10 ml o f  et.~cr was added 
over a period of  15 nunutcs at 10 ~ to a solution of cthylnlagnestum brolntdc prepared from 1.2 g of  magnesium and 
5.5 g of  ethyl bromide ill 40 ml of ether. The mixture ~a ,  stirred for t~o hours at tOOth temperat~-c, then at 2 0 - 2 2  ~ 

a solution of 26.2 g of  benzyl p-toluenesulfonate ~n 100 ml of  ether was added over a period of  30 minute,,  and d~c 
mixture was stirred for three hours at tins temperature. Ice coohng was apphea wlule tim mixture ~as deconlposcd 
with ammonium chloride solution. The ethereal solution ~as separated, washed with sodium carbolmtc solutmn and 
then with water, and dried over potassium carbonate. Ether arid benzyl brolmde were v a c u u m . d ~ s t ~ E c d  off, and tl,c 
residue was dissolved in 20 nil of  hcxalle and apphed to a column of  alumina (h - 10 cm, d = 2.5 cm).  The rc.~LctLon 
product was eluted with 200 ml of  hexalm, and after the removal of hexane wc obtained 3.1 g (40~7.1 of  l -phenyl -2 ,4-  

z0 1.5814. The infrared spectrum corozspondcd Fail) to flint of  hexadt}xtc (I), b.t). 78" (0.05 nun), m.p. 0-1", n D 
natural capillene [6]. Xlnak 210 and 253 rap,  loga  2.85 and 2.68 (alcohol). 

The eapill~ne obtained was a fairly stable compound and could be kept for a long time at 0* m a nitrogen at- 
mosphere. By an analogous procedure, starting from 1,3-hexadtync and from 1,3-octa&yne ~c obtalr .cd  1-pLenyt- 
2,4-heptad~ync and l-phenyl-2,4-nouadiync, respectively (sec table). 
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2 - M e ~ v l - ' / - p h e n y l - 3 . 5 - h e p t a d i y n - 2 - o l  t i l l ) .  A solution of  9 g of  ~ e  ace ta l  derivat ive of  2 - m e r h y l - 3 . g - ~ x a -  
d iyn-2--ol  [9] m !0  ml  of  e ther  ~,as added for 20 minutes at  5-8" to a solution of eth)L'nagnesmm bromtde p,e:.~--ed 

from 1.2 g o f  magnesium and 5.5 g of  eth)'l  bromide in 40 ml  of  ether, and ~ e  mixture was st~rred for ~-,.~z 
b.ours a t  room tempera tu re .  A soluuon of 26.2 g of  benz) l  p-tolucnesulfonate m 100 ml of  ether was ~ e a  * ~- ~ 
5-8"  over  a pe~od  of  30 minutes.  The react ion mixture was sti.'red fi~u'ther for two hours at  this t e m p e r a t ~ e  a.~d C~.cn 
for five hcr-~u~ a t  room temperature ,  i t  was left  overmght.  The mi.,.vare was cooled with ~ce water ~,'h~lc 30 wZ c f  
d i lu te  t 1 : 5 )  hydrochloric  acid  ~as added slowl),  it ~as then stirred for 90 minutes at  room temperature.  TEe e ~ r -  
e a l  solut ion ,,,-as separated.  ~ashed ~, ith sodimn carbonate soluraon and then with water, and dried o~ er pota~.,z._-n_ 
ca rbona te .  Eft, or and benz ) l  bromide ~ere vacuum-dts td led  off, and the residue was dissolved ,n 20 ml of  a ~ 1 
mixture  o f  he_xane and ether and apphed  to a colmnn of alumina (ll = 10 cm, d = 2.a era). The reacuon  prc&.zcz 
~,'as e lu ted  ~,izh 200 ml  of  a 1 : 1 m~xxtLte of hexane and ether, and after removing ttus we obtained 5.1 g iS] .5-7J of 

- m e t h } ' I - 7 - p h e n ) l - 3 , S - h e p t a d t y n - 2 - o l  t i l l ) ,  b .p . l l 0 -111  ~ t0.1 ram), n~ 1.5674. Found C 84.55%; H 7 . 3 ! ~ .  
C.~HI40. Calculated C 84.81-,~,, It 7.12~.~. 

1 - P h e n ) ' l - 2 , 4 - h e x a d l y n - l - o l  (%'). A solutmn of 2.56 g of  1, 3-pentadl)nc m 10 ml of ether was added a~ 5-7" 
to a solut ion o f  e thyhnagnesmm bronude prepared from I g of magnesmm and 4.5 g of ethyl  bromide m 30 ~ o f  
e ~ e r ,  and the mlxture was stirred for two hours at  room tempcrature.  A solution of 4.24 g of bcnzaldeh~de m ~.~ ml  
o f e ~ e t  was t~.~cn added at  3-5".  The reaction mixture was surfed for three hours at room temperature and lef t  c~.e: 
night .  The  reac t ion  m*xmre was cooled with tee water whale being decomposed with saturated ammonmm ,cbr.r~-:~de 
solut ion.  Tke  reacraon product was extracted with ether, and the extract  ~as drmd with potasamm uarbouatc,  g~.Nar 
was d is t i l led  off, and we obtained 3.1 g (45.5%) of 1-phenyl -2 ,4-hc . \ad tyn-2-ol  (V), m.p.  ---~-~~ ~ ,o, which, a l t e r  c r} -  

t t a l l i z a t i on  from 50% alcohol ,  mel ted  at  80", th~s corresponds ro data m the htcrature [7]. 

1 - P h e n ) l - 2 , 4 - n o n a d t y n - l - o l  (VI). Under the abo~ c-described condmoas from 3.18 g of 1,3-octadt}ne z.-..~ 
3.18 g of  be~zatdehyde we obtained 3.7 g (587~.) of 1-phcn}l-2 ,4-noi , .adtyn- l -ol  (VI), b.p. 124-125 ~ (0.08 m ~ ) .  ,.z0 

�9 . 66 , .  Clztlj.~O. Calculated C 8t .87,  ~, II 7.60~,,. 1.5'~24. F o ~ d :  C 84.80%, 84.62-70, tl " / . ' /9~,"  ~" 

2,4-I~exadiynophenone (Capdhn)  (1I). A mixture of 0.5 g of chromic anhydride, 0.4 ml of concentrated sa!-  

func  ac id .  a.r:d 1.2 ml  of water was added with cooling to a solution of 1.2 g of t -phen) , l -2 ,4 -hexad l> 'n - l -o l  tn t .2  
m l  o f  ace tone ;  the mixture ~as  shakcl~ in a mtrogcn atmosphere tbr 90 minutes at rOOlil temperature.  The rea<z~on 

mixture  was poured into tee water and extracted ~tth ether. Ether was driven off, and the c r ) s tah  that s e p a ; a ~ 2  ~,cre 
t ec r )~ t a lhzed  from hexane.  We obtained 0.8 g (66.6~,51 of 2,4-hexad,}nophcnone (I[), m.p. 80-81 ~, which a g r ~ s  ~.~th 
da ta  in t h e  l i te ra ture  [7]. The 2,4-dmitrophen)lhydrazone had m.p.  214 ~ (chloroform-alcohol) .  

A solution of 2.56 g of  1 ,3-pentadtyne in 20 ml of benzene ~a~ added t e a  solution of e thylmagnestum ~..~o~de 
prepared from I g of  magnesium and 4.5 g of ethyl bronude m 20 ,hi of ether, and the m~xture was .,t~r~ed for t~o  
hours a t  room temperature .  The complex  prepared m tlns way ~as added to a solution of 18.08 g of  benzoic a ~ h j -  
dr ide  in 10,3 ml  of  ether at from -35" to -40* tn the course of 20 minutes, and the m~xture was tar red  for two k.~a.'s 
a t  this tempera ture  and then a l lo~ed  to warm apto room temperature m the course of one hour. 50 ml  of ,~,ate: ~a~ 
added  with coohng,  the o tgamc Layer was separated, and the aqueoas layer was extractcd with ether. The cr.kezcal 
solut ion w-as ~a~b.ed several  tames with sodium carbonate solutmn and &ted over potassium carbonate.  Ether ~,~s & -  
sraUed off. arrd we obtained 1.1 g (16%) of 2,4-hexadi) 'nophcnonc tlI), m,p. 75-78", after crk 'stalhzatmn I'ron: .~xxanc 
i t  had m.p .  81-81.5", undepres~ed by adnuxturc of the abo~e-dcscrtbed samptc. 

2,47.NoP.adiynophenone (IV) t. A mixture of 0.9 g of chromic anh~dride, 0.8 ml of  concentrated sul~artc a c ~ .  
and 3 ml  of  ~,ater ~as added to a solution of 2.9 g of 1 -pheny l -2 ,4 -nonad tyn- l -o l  m 3 ml of acetone,  and the .,::'..~_x- 
~ e  ~,'as s~x.ken for 90 minutes at room temperature.  Tile reaction mixture s~as poured into ice water, ex t rac t s3  ~ t h  
e~her, and dried wxth potassium carbonate,  Ether was distil led off, and vacuum dts tdlat ton gavt. 1.5 g (52~ of  ~ 4 -  
nonadi)axopb, enone (IV), b.p. 135" t0.15 ram), n~ 1.5~t/2. Fo,md C 83.'2(>', tl 7.11~.. CLslll~O. Calc~tlat~:d: C 
85.68%, t! 6.'/1%. The 2,4-dmitrophenylhydrazone had m.p. 13!-1320 tchloroform-alcohoI) .  

6 - D i m - e t h y l a m m o - l - p h e n ) l - 2 , 4 - h e x a d ~ ) a l - l - o l  (IX). A solation of 5.~5 g of N,N-d~methyl-2,4-penta&}-_.-,l-  
amine  (VLI1 m I0 ml of  ether was added to a solutmn of ed',yhn,~gnestum bromide prepared from 1.2 g of  m a ~ e s ~ u m  
and 5.5 g o f  e th}l  bromide in 40 ml  of ether. To dissolve the complex we added 30 ml of  benzene.  The mix.~_:_-e 
was st irred for two hours, and a solution of 5.~ g of benzaldch)de m 10 ml of ether was added at  5-2". St~rrar.g ~zs  
contanued f~t.h~r for four hours at  room temperature.  The mixture was left overnight and then cooled with tee ~ a t e t  
~'h.'le beLng decomposed with saturated ammonium chloride solution. The reactmn product was extracted ~ tr27. ~:~.cr, 
15 rnl o f  5 N HC1 was added to the e thcrcat  solution', and the mixture was shaken wgotously.  The aqueous so!L:~&-a 
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was separated and neutrahzed wtLh concentrated ammoma soluuon. The cr)~taLs that separated were rec~)statlized 
f~om acetone, and ~'e obtained 5.~ g ',-53.5~) of 6-d~methylammo-l-phen)t-2.4-hexadt)?,-1-ol ttX). m.p. ~1.5.72 ~. 
Found: C '/8.42.~, 78.665; H ' L 0 ~ ,  "/.08%. CIaHLsON. Calc',t~lated: C '~8.84~7o, H "l.09~,~. 

67Dieth)Lamino-l-phenyl-g,4-hexadt)n-!-o! (XL By ff.e proced,,--~ descrd~ad above, from 5.4 g of N,N-&- 
ethyl-2.4-pentadt)Ti51amlne (VIII) and 4.24 g of benzaldeh)de ~e obtained, after recr)stalhzanon from ace(on,% 
8.4g t S ~ )  of (X), m.p. "~9.5-80". Found C 80.36To. '/9.88~m H 8.01g~, 7.88%, N 5.6TTe~ 5.88%. CuH~ON. Cal- 
culated- C '/9.63%; H '/.94%, N 5.80'-70. 

SUMMARY 

Simple and preparam ely convenient methods of synthestzmg the naParal f~qgmidal antlbmncs cap[ltene, 
captllin, and related compounds were developed. 
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