CHEMISTRY OF POLYENIC AND POLYACETILENIC COXMPOUNDS
COMMUNICATION 3. SYNTHESIS OF CAPILLENE, CAPILLIN, AND RELLTED COMPOUNDS

B. P. Gusev and V., F, Kucherov

N. D. Zelinskii Institute of Orgamic Chenustry, Academy of Sciezcss, USSR

Translated from Izvestiya Akademii Nauk SS$R. Orlelenic Khimicheskikh Nauk, No. 3,
pp. 517-521, March, 1363

Original article submitted May 25, 1462

Among antibiotics of vegetable onigin nteresting properties are presonted by capillene (agropyrene) and capilliz,
which are relatively simple denvauves of butadiyne and have enceptionztly high fungicidal acnvity {1-3). The fer-
mula first suggested for capillene as a substituted 1-buten-3-yne 14} was later withdrann [3], and 1t was proved by
direct synthesis (6] that it 1s 1-phenyl-2,4-hexadiyne (1), However, the method of synthesizing capillene that s de~
scribed 1n the literature is of purely theoretical sigmficance (yi1eld abour 17) and cannot be used for the preparitica
of its analogs. The second antuiblotic of this type, namely carillin, whick is 2,4-hexadiynophenone (II), was preparzd
in satisfactory yicld from 1,3-pentadiyne [7]. The structural relanionshup Serween these two antibiotics was confirred
by the direct oxidation of capilliene to capillin [8].
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In the literature {3] 1t is stated also that diacetylenic compounds ef the type CsHy CH ~C=C.C=CR have
bactericidal and fungicidal activity sinular to that of capiliene and capiilin,

We had at our disposal a general method for the preparation of various monosubstituted butadiynes of general
formula R.C=C-C=CH where R= -Alk, -CHyN(Ry)y and -C(OH) F2 [9], and we set ourselves the task of find~
B

ing accessible ways of synthesizing capillene (1), capilhin (11), and related compounds from these butadiynes with the
object of making a more detailed study of the physiological activity of the products, The simplest method for the
synthesis of capillenc and 1ts homologs could be the reaction of metal denivauves of alkylbutadiynes with benzyl
chloride or bromuide, However, it 1s stated 1n the hiterature that benzyl kalides scarcely react with substituted buta-
diynes, and scveral attempts to bring about such reactions were not successful (6], We have shown that i organomag-
nesium synthesis with 2lkylbutadiynes benzyl p-tolucnesulfonate, used eatlier mn reactions with acetylene dernvatros
{10}, can be employed successfully in place of a benzyl halide, With the 21d of this alkylaung agent from alk;l-
butadhynes we obtained the corresponding alkylbenzylbutadiynes, including capillene itself, in quite saus{actm}
yields, The yield of the ntercsting physiologically active compound, capillene, attained 40%, which makes 1t guite
accessible, According to 1tsinfrared spectrum the capillene p:cparcd by gus method s identical to the natural product 21
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It was found that benzyl p-tolucnesulfonate readily reacts, not only with alkylbutadiynes, but also with the cor-
responding diacetylenic aleohols (with acetal protection of the hydronyi). By this method we readily prepared, for ex-
ample, 2-methyl-7-phenyl-3,5-heptadiyn-2-o0l (I11), for whose synthesis by rhc other possible method the almost 12
accesstble benzylbutadiyne 1s required, The yrelds and constants of the cap:llene analogs that we prepared are gircn
m the table,

For the preparation of capilhin (11) and its butyl analog (IV) we condensed the magnesium dertvanives of the cor-
responding alkylbutadiynes weth benzaldehyde and oaidized the diacety! alechols (V) and (V1) with chromic anl 2o, L.
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In both stages the yields were faurly good, which makes these compounds quite accessible syntketically. Moreover,
we synthesized capillin also by the direct condensation of the magnesium dernvauve of methylbuia iyne {1,3-penta-
diyne]} with benzoic anhydride,
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In reactions with benzaldehyde, apart from alkylbutadiynes, we may use the N,N-dialkyl-2,4-pentadiynyl-
amines (VI1) and (VIII), the general method of synthestzing such compounds was described by us previousty (51 In
this way we obtained, 1n good yield, the corresponding 6-dxalkylammo~l-phcnyl~2.4-hcxadnyn-l—o!s (IX} and (X),
the simplest members of a new class of butadiyne dertvauves having potenual fungicidal activity, e have not yet
succeeded in oxidizing these alcohols to the corresponding ketones.

All the above-desciutbed compounds are fairly stable, may be crystallized front low-boiling soivents or vacuwm-
distilled, and may be preserved for a long tune wn a nitrogen atmosphere at 0°,

EXPERIMENTAL

1-Phenyl-2,4-hexadiyne (Capillene) (1). A solution of 3.2 g of 1,3-pentadiyne 1in 10 ml of ether was added
over a penod of 15 nunutes at 10° to a solutton of cthylmagnesiuin broinide prepared from 1,2 g of magnesium and
5,5 g of ethyl bromude in 40 ml of cther, The nuxture was stirred for two hours at room temperature. then at 20-22°
a solution of 26,2 g of benzyl p-tolucncsulfonate in 100 ml of ether was added over a peniod of 30 runutes, and the
muxture was sturred for three hours at this temperature,  lee cooling was applica while the nuature was Jecomposed
with ammonium chlonde solution, The ethereal solution was separated, washed with sodium carbonaie solution and
then with water, and dnied over potasstuin carbonate, Ether and benzyl broimde were vacuum-distilled off, and the
restdue was dissolved 1n 20 il of hesane and applied to a column of alutmina (h - 10 em, d = 2,5 em). The resction
product was cluted with 200 il of hexane, and aftu the removal of hevane we obtained 3.1 g (407 of 1-phenyl-2,4-
hexadiyne (1), b.p. 78° (0.05 nun), m.p. 0-1°, n}} 1.5814, The infrared spectrum corresponded fully to that of
natwal capillene [6]. A3y 210 and 253 my, loge 2.85 and 2,68 (alcohol),

The capillene obtained was a fairly stable compound and could be kept for a long tume at 6® 1 a nitrogen at-
mosphere. By an analogous procedure, starting from 1,3-hexadiyne and from 1,3-cctadiyne we obtained 1-phenyl-
2,4-heptadiyne and 1-phenyl-2,4-nonadiyne, respecuvely (see table).
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2-Metbyvl-T-phenyl-3,5-keptadiyn-2-ol (1li). A solution of 9 g of the acetal denvauve of 2-methyl-3,3-Zexa-

from 1.2 g of magnesium and 5.5 g of ethyl bromide w 40 ml of ether, and the minture was stirred for tms
hours at room temperature. A solution of 26.2 g of benzyl p-toluenesulfonate 1 100 ml of ether was then adles at
5-8% over a period of 30 nunutes. The reaction munture was stizzed further for two hours at this temperature and then
for five hours 2t room temperature, it was left overmight. The mixture was cooled with ice water while 30 I of
dilute (1:3) hydrochloric acid was added slowly, 1t was then stirred for 90 munutes at room temperature, The ether-
eal solution was separated, washed with sodium carbonate solution and then with water, and dried over potasu==
carbonate. Ether and benzyl bronude were vacuum-distilled off, and the residue was dissolved :n 20 mlofa 1-1

mixture of hexane and ether and apphied to a column of alumuna (h = 10 e, d = 2,5 cm), The reacuon prodoct
was eluted with 200 ml of 2 1: 1 muxtwe of hexane and ether, and after reimoving this we obtawed 5,1 g (531,57 of

-methyl-7-phenyl-3,5-hepradiyn-2-ol (1ll), b.p,110-111° (0,1 mum). n¥ 1.5674, Found C 84,55%: H 7.317
CiH O, Calculated C 84.817, H 7.127,

1-phenyl-2,4-hexadiyn-1-o0l (V), A soluuon of 2.56 g of 1,3-pentadiyne 11 10 ml of ether was added ar 3-7
W a solution of ethylinagnesium bronude prepared from 1 g of magnesium and 4.5 g of ethyl bromide in 36 mt of
ether, and the muxture was stirred for two hours at room temperature, A solution of 4,24 g of benzaldehyde w 13 ml
of ether was then added at 3-5°, The reaction nuature was stirred for three hours at room temperature and left cver
pight. The reaction mixture was cooled with ice water while being decomposed with saturated ammormum chlande
solution. The reaction product was estracted with ether, and the extract was dried with potassium carbonate. Ether
was distilled off, and we obtained 3.1 g (45.5%) of 1-phenyl-2,4-heaadiyn-2-o0l (V), m.p. 82-84°, which, after <ri-
stallization from 50% alcohol, melted at 86°, this corresponds to data n the literature [7),

1-Phenyl-2,4-nonadiyn-1-ol (V1), Under the above-described conditions from 3,18 g of 1,3-octadiyne 3=d
3.18 g of benzaldehyde we obtained 3.7 g (58%) of 1-phenyl-2,4-nonadiyn-1-0l (VD). b,p, 124-125° (0,03 wam). wfg
1.5724. Found: C 84.80%, 84,62%, H 7.79%, 7.667. Cistls0, Calculated C 81877, [ 7.605.,

2,4-Hexadiynophenone (Capillin) (1). A wuxture of 0.5 g of chromic anhydride, 0,4 ml of concentrated sul-
furic acid, and 1.2 ml of water was added with cooling to a soluticn of 1,2 g of 1-phenyl-2,4-huaadiyn-1-ol wm 1.2
ml of acerone; the muxture was shakeii in 2 mtrogen atmosphere for 90 minutes at room tenperature. The meacuion
mixture was poured 11to 1ce water and extracted with ether, Ether was dniven off, and the crystals that separated were
recrystallized from hexane. We obtaned 0.8 g (66.0%) of 2,4-hexadiynophenone (1), m.p. 30-81°, which agrees with
data in the literature (7], The 2,4-duutrophenylhydrazone had m.p. 214° (chlorofori-alcohol),

A solution of 2.56 g of 1,3-pentadiyne 1n 20 m! of benzene was added te a solunion of ethylmagnestum bromde
prepared from 1 g of magnesium and 4,5 g of ethyl bronude i 20 ml of ether, and the nuxture was stirred for two
hours at room temperature. The complex prepared in this way was added to a solution of 18,08 g of benzoic aahy -
dride in 160 ml of ether at from -33° to -40° in the course of 20 mmnutes, and the nuature was suurred for two Roass
at this temperature and then allowed to warm aptorooni temperatute in the course of one hour. 30 mi of water was
added with cooling, the organic layer was separated, and the aqueoas layer was extracted with ether, The ethercal
solution was washed several nmes with sodium carbonate solution and dried over potasstum carbonate, Ether was di-
sulled off, and we obtained 1,1 g (16%) of 2,4-hexadiynophenone (1), in,p, 75-78°, after crystalization frorz fwane
it had m.p. 81-81.5% undepressed by adnuature of the above-~described sample,

2,4-Nonadiynophenone (IV), A muxture of 0,9 g of chromuc anhydnde, 0.8 ml of concentrated suifuric ac:id,
and 3 ml of water was added to a solution of 2,9 g of 1-phenyl-2,4-nonadiyn-1-ol 1n 3 ml of acetone, and the -
ture was shaker for 90 minutes at roam temperature, The reaction mixture was poured 1ito ice water, extracted with
ether, and dried with potassium carbonate, Ether was duistilled off, and vacuun distillation gave 1.5 g (52%) of 2,1~
nonadiynophenone (IV), b.p. 135° (0.15 mm), n"fg 1.5792, tound € 85,20, 1 T7.11%, Cut;0. Caleulswed: C
85.68%, H 6.71%. The 2,4-dumitrophenylhydracone had m.p, 131-132° (chicroforii-alcohol),

6-Dirnethylamino-1-phenyl-2,4-hexadiyn-1-0l (1X). A solution of 5,35 g of N,N-dimethyl-2,4-pentadiy=yi-
amine (VIIj 1z 10 ml of ether was added to a solution of ethylimagnestum bronude prepared from 1,2 g of magres.um
and 5.5 g of ethyl bromde in 40 ml of cther, To dissolve the complex we added 30 inl of benzene., The mianzzz
was stirred for two hours, and a solution of 5.3 g of benzaldehyde 1n 10 ml of ether was added at 5-7°, Surnng was
conunued funther for four hours at room temperature, The muature was left overmght and then cooled with ice wz2ter
while being decomposed with saturated ammonum chlonde solution, The reaction product was extracted with «fer,
15 ml of 5 X HCl was added to the ethereal solution, and the muinture was shaken vigorously, The aqueous solum:a
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was separated and peutralized with concentrated ammomnia solutton. The cristals that separated were recrystaliized
from acetone, and we obrained 5.7 g :53.5%) of 6-dimethylamino-1-phenyi-2,4-heradiyn-1-0l (IX), m.p, 71.5:72°,
Found: C 78.42%, 78.667: H 7.06%, 7.03%, CpHy;sON. Calculated: C 78.84%, H T.09%.

6-Dicthylamino-1-phenyl-2,4-hexadiyn-1-o0l (X). By the procedure cescribed above, from 5.4 g of N, N-di-
ethyl-2,4-pentadiynylamune (VII) and 4.24 g of benzaldehyde we obtained, after recrystallization from acetone,
8.4g (87%) of (X), m.p. 79.5-80°, Found C 80.367%, 79.88%; H 8.01%, 7.28%., N 5.67%, 5.88%. CiH;sON. Cal-
culated- C 79.63%; H 7.94%, N 3.80%.

SUMMARY

Simple and preparatnv¢ly convenient methods of synthesizing the natnral fungicidal anubiotics capillene,
capillin, and related compounds were developed.
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All abbreviations of pertodicals in the above bibuography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian joumal, Some or all of this pen-
odical literature may well be available :n English translation A complete list of the cover-to-
cover Enghsh translations appears at the back of th.s 1ssve
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