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Abstract—Carbamates of monoacetylene and diacetylene series wemthesized andcharacterized.
A catalytic system Cul-pyrrolidine was applied for the first time to sgnthesis of symmetrical
diacetylenes by oxidative dimerization of terminal acetylenes. The comparative activitdiyokes
obtained was studied in the photoinitiated solid-phase topochemipalymerization. Diyne
carbamates undergoing thermal polymerization were obtained for théirfirest

Functionally-substituted diacetylenes are interest- The unique feature of the reaction is the possibility
ing both from theoretical and practical viewpoints,to obtain a single crystal of polymer from a single
and therefore they are the object of versatile intercrystal of monomer. Theolyacetylenes are more and
disciplinary studies [1]. Diacetylene moiety is more applied as chromatic element in biosensors
encountered in many natural compouis andsyn-  [8-10]. They are especially promising materials for
thetic antibiotics containing endiyne structure exhibitnon-linear optics since they possess the largest values
pronounced anticancer activity8]. The compounds of non-linear optical susceptibility of the thirdrder
have found wide use in fine and general organic syn{6® among all known organic compound1, 12].
thesis [4, 5]. The studies in this field got a newThe polymerizability of initial monomeric diynes
momentum from the discovery of Wegner of solid-and polymerization rate essentially depend on the
phase topochemical polymerization of these comspecificity of molecular packing in crystal§l3].
pounds initiated by UV and-radiation, andsome- The usually applied criteria are takémm crystallo-
times by just heating6]. Polyacetylenes generated by graphy: d,, the distance between the neighboring
this process possess unidimensional totally conjugatesholecules in astack, andn;, the angle between the
backbone with mainly enyne (seldom butatriene)axis through the system of triple carbon-cartmnds,

crystal structurg?]. and the axis through the centers of the ordinary
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carbon-carbon bonds that are located between the The synthesis of diacetylene arylcarbamates can be
triple bonds.Instead ofd, parametesS, is oftenused. effected along twoways. The first oneinvolves a
The valuesd; < 4.9A, 3.4A<S >24.0A, ¢, 5  synthesis of monoacetylene terminal arylcarbamates
are the best, for ithis case the reacting carbon atomsfollowed by their oxidative dimerization into the
are approached to a required distance, @ads1,4-  target products. Theecond way includes reaction of
polyaddition occurs. However in ageneral case diacetylene glycols witharyl isocyanates. The dis-
the prediction of diacetylene molecule packing in agdvantage of the latter procedure consists in the
crystal cannot be performed basing on its structurahossibility of side reaction affording cyclic ether by
formula. intermolecular dehydration of two molecules of di-
The target of this study was establishing of relationacetylene glycol effected byryl isocyanate. For
between thestructure and activity in solid-phase topo- instance, in reaction of dodeca-5,7-diyne-1,12-diol
chemical polymerization of diynes with arylcarbamatewith phenyl isocyanate alongside diacetylene
groups capable offorming hydrogen bonds in the carbamate were obtained carbanilide and a cyclic
neighboring stacks and thus of approaching them ijiacetylene ether formed as a result of dehydration of
space. The other factorffecting the polymerization the initial diacetylene glycol with phenyl isocyanate

are the number of methylene groups between the14]. Therefore wechose thdirst method.

system of the triple bonds and arylcarbamgteups, _

and the character of substituent in the arylcarbamate The reaction of monoacetylene alcohols and aryl
group which by its donor or acceptor properties cariSoCyanates gaveise to monoacetylene carbamates

influence the strength of the hydrogdsond. la-|.
Bu,Sn[O,CCH(Et)Bu],
n-XC,H,N=C=0 + HC=C(CH,) OH n-XC,H,NHCO(CH,),C=CH
THF, Et;N [
0]
Ta-1

X=H (a, d, h, j, k), MeO (b, ), NO, (c, f), Me,N (g, i); n= 2 (a-c), 3 (d-g), 6 (h, i), 7 (), 9 K).

Compoundl was prepared by reaction of 10-unde-were the first to use in the synthesis of symmetrical
cyn-1-ol with tosyl isocyanate along the following diynes a catalytic system Cul-pyrrolidine that was
scheme: formerly successfully applied to preparation of un-

symmetrical diyneg17]. It is known from published
data that in oxidative dimerization of the terminal

TsN=C=0 + HC=C(CH,);0H acetylenes the choice of a base plays a crua
[18], and here are importatoth the basicity and the
Bu,Sn[0,CCH(Et)Bu], st_erical accessibility of the _nitro_gen for the interaction
TsNHCO(CH,),C=CH with coppersalts. Pyrrolidine is a strongase pk,
THF, EGN g 11.1) [19], and it hadeen applied both as a catalyst
I and a solvent, and oxidation hhsen effected by air
oxygen.

Isocyanates are known to be supersensitive to
moisture forming with water the correspondiNgN'-

diarylcarbamides. The monoacetylene carbamates Cul. O,

were isolated by preparativELC. The spectral data la—k [n-XCHN H,CO(CH,),C=C+-
confirming the structure of compounds-I obtained O |

are presented in Table 1, and physical constants and g Ia-k

elemental analyses in Table 2.

Diyne carbamatedla-k were prepared by oxid-
ative dimerization of monoacetylene carbamages. X= H(a, d, h,j, k), MeO @, &, NO, (c, ), Me,;N
The oxidative dimerization process of terminal @, 1);n= 2 (@), 3@d-g), 60, i) 7 (), 9 K.
acetylenes has several modificatiofis5, 16]. We
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Table 1. IR, '*H and**C NMR spectra of monoacetylene carbamdses
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X NH-C—O(CH,),C=CH CH3@|§—NH—%—0(CH)9CECH
0 O O

Im

Compd. | IR spectrum,v, cm™

no.

'H NMR spectrum,3, ppn?

¥C NMR spectrum,3, ppn?

3445 gNH), 3340s(GCH),
2110 w (GC), 1720 v.s
(C=0), 1600 s (Carom-
C arom), 1520 s § NH)

3445 s(NH), 3320 s (G
CH), 2110w G=C), 1720 v.§
(C=0), 1600 s (Carom-C
arom), 1510 s § NH)

32704NH), 3390s(GCH),
3060 s (Carom H),2950 s
(Csz H), 2930 s (Gz H),
2110 w (GC), 1730 v.s
(C=0), 1600 c (Carom-C
arom), 1555 v.s ¢, NO,),
1510 s § NH), 1330 v.s ¢,
NO,)
32805s(NH),3305s(GCH),
3040s (CGaromH),2960s
(Csz H), 2930 c (Gp H),
2110 w (GC), 1700 v.s
(C=0), 1600 s (Carom-C
arom), 1545 s § NH)
32704NH), 3310s(GCH),
3040 s (Carom H),2960 s
(Csz H), 2940 s (Gp H),
2860 s (Gp H), 2110 w
(C=C), 1700 v.s(C=0),
1600 s (Carom-C arom),
1535 s § NH)
32859NH), 3380s(GCH),
3040 s (Carom H),2960 s
(CspH), 2930 (GpH), 2110
w (C=C), 1730 v.s(C=0),
1600 s (Carom-C arom),
1555v.s ¢,sNO,), 1510 s §
NH), 1330 v.s ¢, NO,)
3440s(NH),3310s(GCH),
2110 w (GC), 1720 v.s
(C=0), 1580 s (Carom-C
arom), 1510 s § NH)

2.06 t (1H, GCH), 2.61 t.d (2H,
C=CCH,), 4.28 t (2H, OCH), 6.80
br.s (1H, NH), 7.09 m (1H,p-H

arom), 7.40 m (4H,m, oH arom)

2.05 t (1H, GCH), 2.60 t.d (2H,
C=CCH,), 3.80 s (3H, OCH), 4.27 t
(2H, OCH,), 6.70 br.s (1H, NH),
6.69 m (2H,m-H arom), 7.29 m (2H,
o-H arom)

2.07 t (1H, GCH), 2.62 t.d (2H,
C=CCH,), 4.27 t (2H, OCH), 7.80 m
(2H, o-H arom), 8.21 m (2H,mH

arom), 9.40 br.s (1H, NH)

1.90 gn (2H, CHCH,CH,), 2.07t (1H,
C=CH), 2.34t.d (2H, GCCH,), 4.29 t
(2H, OCH), 6.90 br.s (1H, NH), 7.0
t (1H, p-H arom), 7.28 t (2H,MmH
arom), 7.38 d (2H,0-H arom)

1.89qgn (2H, CHCH,CH,), 2.01t (1H,
C=CH), 2.32t.d (2H,&CCH,), 3.794
(8H, OCH,), 4.25t (2H, OCH), 6.79
br.s (1H, NH), 6.85 d (2H,mH
arom), 7.28 d (2H,0-H arom)

1.89 gn (2H, CHCH,CH,), 2.06 t

(1H, C=CH), 2.32 t.d (2H, GCCH,),
4.28 t (2H, OCH), 7.75 d (2H,0-H

arom), 8.29 d (2Hm-H arom), 9.30
br.s (1H, NH)

1.92gn(2H,CHCH,CH,), 2.01t(1H,
C=CH), 2.33t.d (2H, &CCH,), 2.92 3
(6H, CH,), 4.25 t (2H, OCH), 6.41
br.s (1H, NH), 6.75 d (2H,mH
arom), 7.21 d (2H,o0-H arom)

19.74 (GCCH,), 63.30 (OCH), 70.40
(C=CH), 80.67 (GCH), 119.14 6-C
arom), 124.00 p-C arom), 129.48
(mC arom), 138.10 {-C arom),
153.54 (C=0)

19.75 (GCCH,), 55.90 (OCH), 63.22
(CH,0), 70.33 (GCH), 80.72 (GCH),
114.67 C arom), 121.18 6-C
arom), 131.13 (-C arom), 153.92
(C=0), 156.48 H-C arom)

19.07 (GCCH,), 63.51 (CHO), 70.93
(C=CH), 80.59 (GCCH,), 118.16
(o-C arom), 125.22 -C arom),
142.95 (-C arom), 146.02 ¢-C
arom), 153.38 (C=0)

15.57 (GCCH,), 28.24 (CHCH,CH,),
64.11 (CHO), 69.55 (GCH), 83.45
H(C=CH), 119.17 6-C arom),123.84
(p-C arom), 129.43 (MC arom),
138.31 {-C arom), 153.98 (C=0)

15.56 (GCCH,), 28.28 (CHCH,CH,),
55.88 (OCH), 64.02 (CHO), 69.50
(C=CH), 83.51 (GCH), 114.64 (n-C
arom), 121.17 6-C arom), 131.35
(i-C arom), 154.37 (C=0), 156.38
(p-C arom)

14.91 (GCCH,), 28.13 (CHCH,CH,),
64.12 (CHO), 70.02 (&CH), 83.23
(C=CH), 118.06 ¢-C arom),125.22
(mC arom), 142.85 {-C arom),
145.97 p-C arom), 154.57 (C=0)

15.61 (GCCH,), 28.34 (CHCH,CH,),
41.47 (CH), 63.91 (CHO), 69.35
(C=CH), 83.56 (GCH), 113.81 (nC
arom), 121.43 6-C arom), 128.00
(i-C arom), 148.10 p-C arom),

154.36 (C=0)
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Table 1.

(Contd.)
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Compd.
no.

IR spectrum,v, cm™®

'H NMR spectrum,3, ppn?

¥C NMR spectrum,3, ppn?

Ih

3440 4NH), 3315s(GCH),
2120 w (GC), 1710 v.s
(C=0), 1600 s (Carom-C
arom), 1510 s § NH)

34404NH), 3310s(GCH),
2110 w (GC), 1720 v.s
(C=0), 1580 s (Carom-C
arom), 1510 s § NH)

3450 NH), 3320s(GCH),
2120 w (GC), 1720 v.s
(C=0), 1600 s (Carom-C
arom), 1510 s § NH)

3450 4NH), 3320s(GCH),
2120 w (GC), 1720 v.s
(C=0), 1600 s (Carom-C
arom), 1510 s § NH)

34704NH), 3290s (GCH),
2120 w (GC), 1735 v.s
(C=0), 1590 s (Carom-C
arom), 1340 v.s ¢, SO),
1150 v.s ¢, SO)

1.4-1.6m(6H,CH), 1.70gn (2H, CH),
1.97 t (1H, GCH), 2.21 t. d (2H,
C=CCH,), 4.18 t (2H, OCH), 6.79
br.s (1H, NH), 7.07 t (1H,p-H
arom), 7.31 t (2HmH arom), 7.39d
(2H, o-H arom)
1.4-1.6m(6H,CH), 1.70gn(2H, CH),
1.98 t (1H, GCH), 2.21 t.d (2H,
C=CCH,), 2.93s(6H,CH),4.15t(2H,
OCH,), 6.40 br.s (1H, NH), 6.72 d
(2H, mH arom), 7.21 d (2H,0-H
arom)

1.3-1.8 m (10H, CH), 1.96 t (1H,
(C=CH),2.21t.d(2H, &CCH,), 4.19t
(2H, OCH,), 6.67 br.s (1H, NH),
7.08 t (1H, p-H), 7.31 t (2H, mH
arom), 7.39 d (2H,0-H arom)

1.2-1.8 m (14H, CH), 1.96 t (1H,
C=CH), 2.21t.d(2H, GCCH,), 4.19 {
(2H, OCH,), 6.69 br.s (1H, NH), 7.0
t (1H, p-H arom), 7.31 t (2H,mH

arom), 7.39 d (2H,0-H arom)

1.19-1.45m (10H, CH), 1.45-1.62 m
(4H,CH,), 1.96t (1H,GCH),2.18 t.d
(2H,C=CCH,), 2.46s (3H,CH), 4.06t
(2H, OCH,), 7.28 br.s (1H, NH), 7.3
d (2H, mH arom), 7.92 d (2HpE-H
arom)

18.72 (GCCH,), 25.80, 28.19, 28.71,
29.20 (CH), 65.65 (CHO), 68.74
(C=CH), 84.91 (GCH), 119.09 6-C
arom), 123.74 p-C arom), 129.42
(mC arom), 138.40 {-C arom),
154.16 (C=0)

18.72 (GGCCH,), 25.82, 28.22, 28.73,
29.26, (CH), 41.48 (CH), 65.45
(CH,0), 68.65 (GCH), 84.93 (GCH),
113.80 (C arom), 121.39 ¢-C
arom), 127.97 (-C arom), 148.12
(p-C arom), 154.38 (C=0)

18.76 (GCCH,), 26.14, 28.74,28.97,
29.1, 31.10 (CH), 65.72 (CHO),
68.59 (G=CH), 85.03 (GCH), 119.05
(o-Carom),123.74 p-Carom),129.43
(mC arom), 138.37 {-C arom),
154.07 (C=0)

18.79 (GCCH,), 26.24, 28.85,29.10,
29.33, 29.40, 29.6029.76 (CH),
B65.79 (CHO), 68.52 (GCH), 85.16
(C=CH), 119.03 6¢-C arom),123.72
(p-C arom), 129.43 (-C arom),
138.40 (-C arom), 154.11 (C=0)
18.20 (GCCH,), 21.51, 25.37,28.24,
28.49, 28.79, 28.8729.10 (CH),
67.02 (CH), 67.99 (CHO), 76.47
P(C=CH), 84.56 (GCH), 128.19 (m

C arom),129.41 ¢6-C arom),135.49
(p-C arom), 144.81 {-C arom),
150.51 (C=0)

% IR spectra of compounds, b, g-I were recorded in CHGJ those of compoundg-f from KBr pellets.
® 14 and**C NMR spectra of compounds, f were registered in acetorti; of the other compounds I€DCl,.

Table 2. Yields, melting points, and elementahalyses of monoacetylene carbamasek

0, 0,
Compd. | Yield, mp, Found, % . Calculated, %
no. % °C ormula
C H N C H N

la 79 52-53 70.04 5.79 7.33 C,H,;NO, 69.83 5.86 7.40
Ib 61 84-86 65.78 6.37 6.19 C,H:NO, 65.74 6.44 6.39
Ic 50 118-120 56.32 4.36 11.94 C,H:N,0O, 56.41 4.30 11.96
Id 50 4547 70.90 6.57 6.93 C,,H.;:NO, 70.92 6.45 6.89
le 71 46-48 67.25 6.48 5.92 CH:NO, 66.94 6.48 6.00
If 47 93-94 58.07 5.06 11.03 C,,H::N,0, 58.06 4.87 11.29
Ig 44 103-105 68.24 7.37 11.42 C,HN,0O, 68.27 7.37 11.37
lh 43 46-48 73.25 7.66 5.86 C,H,oNO, 73.42 7.80 5.71
li 67 70-72 70.94 8.45 9.86 C,;H..N,O, 70.80 8.39 9.71
lj 50 48-49 74.30 8.07 5.50 C,H,:NO, 74.10 8.16 5.40
Ik 81 44-46 75.11 9.03 5.08 C,gH,:NO, 75.22 8.77 4.87
Il 40 70-72 62.17 7.45 3.91 C,H,-NO,S 62.44 7.45 3.83
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The reaction was completed within 42 min and TsN=C=0+ HOCH,C=CCH,0OH
furnished the desired compounds in higield. The
products were isolated from the reaction mixture asBu,Sn[O,CCH(Et)Bul,

follows. First thereaction mixture was quenched with THF, EGN TSNHCOCH, C=CCH,0CNHTs
saturated aqueous solution of NE and extracted O 0

with tetrahydrofuran. Theliacetylene compound after I

removing THF contained pyrrolidine as @mpurity. We cannot yet rationalize the different behavior

Further purification was carried out by two proce- pattern of acetylene and diacetylene diols in reaction
dures: by chromatography and by treating th&cet-  \jth tosyl isocyanate.

ylene on glassfrit filter with diluted hydrochloric
acid. Theattempts to separate this mixture by pre-
parative thin-layer chromatography were inefficient
for diynes easily polymerized on the sorbent hamper
ing the elution. Thisfact resulted in a relatively low

yield (48%) of compoundla. The washing of diynes

with 15% aqueous HCI was more successful. We als
demonstrated that this method provided excellen
results also in dimerization of terminal acetylene
alcohols. We attempted tcarry out the dimerization

We carried out estimation of the strength of inter-
molecular hydrogen bond in solid compoulid. To
this end the IR spectra of the compound were
registered from a sampleelleted with KBr androm
solutions in CHCI, of 1% and 0.5%concentration.
dherewith the absorption band of the stretching vibra-
ions of the N-H bond appeared in the firstase at

333 cm?! whereas in both solutions this band was
observed at 3430 cth The formation enthalpy of the

of terminal acetylenes by classical method withlydrogen bond may be calculated by a formula

GlaserHay catalyst (complex ofCuCl with tetra- [rom [24].
methylethylenediamine) and oxygen flow through the -AH = 1.3 w3

reaction mixt_ure for several_ hours aﬁfectoxidati_on. whereAH is formation enthalpy of the hydrogen bond
However this attempt failed even at eqwmolar(kJ molY), Av is the frequency difference for the
amounts of the catalyst and terminal acetylene. stretching vibrationsv,,, in diluted solution and in

We tried to prepare from compoundl the the solid state respectively (M. Our calculation
corresponding diyne by oxidative dimerization ongave the value-12.8 kJ mal®. It should be noted
catalytic systems Cupyrrolidine, Cul however that the formation enthalpy value for a
i-Pr,NH-Pd(PPR),Cl,-I, [20], andalso by Hay[21, hydrogen bond is considered to be appropriate if the
22] and Eglintone methodg3]. At the use of two Av is largerthan 100 crit [25]; in our case this value
former systems strong tarringccurred, andafter ~amounted to 93 cm.

using GlaseHay or Eglintone procedures the initial  The spectral data supporting the structure of com-
tosyl carbamatél remained intact and was recoveredpoundsila-k obtained are listed in Table 3, physical

from the reactiomrmixture. |nSpeCiaIrunSCOmpound constants and elemental ana|yses in Table 4.
Il was stirred with equimolaamounts of Cul disper-

sion both in pyrrolidine and dichloromethane solu- - A :
tion, and theinitial tosyl carbamate did not suffer any ©f Photoinitiated polymerization of diyne carbamates
dla-k in the solid phase under UV light with various

changes. The reaction of 10,12-docosadiyne-1,22-di |
and tosyl isocyanate provided a complex mixture ofVavelength[26].
products, and wedailed to isolatefrom the mixture Ma—k
the desired diyne.

The final stage of this study involved investigation

hv //"
1] TsN=C=0 + [HO(CH,),C=C+ — ”'X06H4NHC”0(CH2)n//CCECC(CHz)nOHCNC6H4X-n

S,\

[TsNHﬁO(CHz)9 c=C3} IvVa-k
It is known from publisheddata that whereas the
activation energy of thermal polymerization amounts
Yet the reaction of 2-butyne-1,4-diol with tosyl to 80-105 kJ mot!, the corresponding value for
isocyanate under conditions used in the synthesis gfhotopolymerization reaches only 10 kJ nfoj27].

O m

monoacetylene carbamatks-| afforded productll ;  To the polymerization kinetics correspond two types
its structure and composition was proved by spectrabf curves: with a long induction time and withone
data and elementahnalysis. [28, 29].

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 6 2002



780

VYAZMIN et al.

Table 3. IR, '*H and**C NMR spectra of diacetylene carbamalies-k

X@NH— (= O(CH,),C=CC=(CH,),0 — E—NH@X
m o 0 0 mo

IMa-k

Compd. IR spectrum,v, cm*? 'H NMR spectrum,3, ppn? ¥C NMR spectrum,3, ppn?
no.
lla |34459NH), 1740v.s(C=0),[2.68t(4H, GCCH,),4.21t (4H,OCH),|19.91 (GCCH,), 62.44(OCH), 66.49
1600 s (Carom-C arom), |7.01 t (2H, p-H arom), 7.30 t (4H, [(C=CC=C), 74.74 (CHC=C), 118.71
1520 s § NH) mH arom), 7.60 d (4H,0-H arom), |[(0-C arom), 123.06 (-C arom),
8.79 br.s (2H, NH) 129.13 mC arom), 139.58 (-C
arom), 153.58 (C=0)
lIb 34504NH), 1720 v.s(C=0),(2.69 t (4H, GCCH,), 3.79s(6H, [19.57 (GCCH,),55.14(0OCH), 62.32
1600 s (Carom-C arom), |OCH;,), 4.21 t (4H, OCH), 6.87 d (4H,(OCH,), 68.02 (GCC=C), 74.48
1520 s § NH) mH arom), 7.49 d (4H,0-H arom), |(CH,C=C), 114.29 {nC arom),
8.61 br.s (2H, NH) 121.15 6-C arom), 131.38 {-C
arom), 154.37 (C=0), 156.38 p-C
arom)
llc 333094NH), 3060s(Carom |2.77t(4H, GCCH,),4.21t(4H,0CH),|19.77 (GCCH,), 63.10(0OCH), 66.20
H), 3040s(Carom H),2960 |7.82 d (4H,0-H arom), 8.22 d (4H,[(C=CC=C), 74.42 (CHC=C), 118.22
s (Gz H), 2850s(Gz H), |mH arom), 9.50 br.s (2H, NH)|(o- C arom), 1125.25 (-C arom),
1740 v.s(C=0), 1600s(C 142.42 {-C arom), 146.02 - C
arom-C arom), 1555 v.s arom), 153.50 (C=0)
(va,s NO,), 1520s§NH), 1330
v.s (v, NO,)
Iid 3330gNH), 3050s(Carom |1.89 gn (4H, CHCH,CH,), 2.40 t (4H, 15.68 (GcCCH,), 28.10 (CHCH,CH,),
H), 3040s(Carom H),2950s| C=CCH,), 4.20 t (4H, OCH), 7.00 t [63.31(CHO), 66.02 (GCC=C), 76.80
(Csp H), 2840s(Gp H), 1700/ (2H, p-H arom), 7.27 t (4H,mH [(C=CCH,), 118.64 ¢-C arom),122.91
v.s (C=0), 1600s(Carom- | arom), 8.55 d (4H0-H arom), 8.67|(p-C arom), 129.10 mC arom),
C arom), 1535 s § NH) |br.s (2H, NH) 139.74 {-C arom), 153.85 (C=0)
lle 3300gNH), 3040s(Carom |1.89 gn (4H, CHCH,CH,), 2.41 t (4H, 14.93 (GCCH,), 27.39 (CHCH,CH,),
H), 2960s(Gpz H), 2930s|C=CCH,),3.79s(6H, OCH), 4.18 t |54.38 (OCH), 62.42 (CHO), 65.24
(Cs H), 2830s(Gp H), 1700/ (4H, OCH,), 6.67 d (4H,m-H arom), [(C=CC=C), 76.06 (GCCH,), 113.51
v.s (C=0),1600 s (Carom- |7.47 d (4H, o-H arom), 8.48 br.s|(mC arom), 119.53 (-C arom),
C arom), 1515 © § NH) |(2H, NH) 132.00 {-C arom), 153.29 (C=0),
156.16 p-C arom)
[If 3300 s(NH), 3040 s (Carom|1.89 gn (4H, CHCH,CH,), 2.42 t (4H,/15.65 (G=CCH,), 27.89 (CHCH,CH,),
H), 2930 ©(G H), 2860 c |C=CCH,), 4.25 t (4H, OCH), 7.89 d |62.42(CHO), 66.04 (&CC=C), 76.72
(Csp H), 1740 v.s(C=0), |(4H, o-H arom), 8.21 d (4H,mH |[(C=CCH,), 118.12¢-C arom),119.53
1600 c¢ (C arom-C arom), [arom), 9.28 br.s (2H, NH) (mC arom), 142.89 {-C arom),
1555 v.s ¢, NO,), 1510 © 145.98 p-C arom), 153.56 (C=0)
(3 NH), 1330 v.s ¢, NO,)
llg [3300gNH), 3040s(Carom |1.89 gn (4H, CHCH,CH,), 2.42 t (4H, 16.49 (GCCH,), 28.23 (CHCH,CH,),

H), 2960s(Gp H), 2850s
(Csz H), 1690 v.s(C=0),
1610s(C arom-C arom),
1515 s § NH)

C=CCH,), 2.92s(12H, NMg), 4.22 t
(4H, OCH,), 6.42 br.s (2H, NH), 6.72
d (4H, mH arom), 7.21 d (4H,0-H
arom)

41.42 (CH), 63.93 (CHO), 66.27
(C=CC=C), 113.74(nCarom),121.74
(o-C arom), 128.02 {-C arom),
148.10 p-C arom), 154.32 (C=0)
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Table 3. (Contd.)

781

Compd. IR spectrum,v, cm*? 'H NMR spectrum,3, ppn? ¥C NMR spectrum,3, ppn?
no.
IIh [34809NH), 1750 v.s(C=0),|1.31-1.75 m (16H, CH), 2.28 t (4H, |19.52 (GCCH,), 25.81, 28.53, 28.81,

lj

Ik

1600s(C arom-C arom),
1505 s § NH)

3440 gNH), 1720 v.s(C=0),
1580s(C arom-C arom),
1510 © ¢ NH)

3440 gNH), 1720 v.s(C=0),
1600s(C arom-C arom),
1510 s § NH)

3450 gNH), 1730 v.s(C=0),
1600s(C arom-C arom),
1510 s § NH)

C=CCH,), 4.20 t (4H, OCH), 6.68
br.s (2H, NH), 7.08 t (2Hp-H arom),
7.31 t (4H, mH arom), 7.39 d (4H,
o-H arom)

1.35-1.75 m (16H, CH), 2.37 t (4H,
C=CCH,), 2.91s(12H, CH), 4.15 t
(4H, OCH,), 6.42 br.s (2H, NH), 6.7
d (4H, mH arom), 7.21 d (4H,0-H

arom)

1.3-1.75 m (20H, CH), 2.28 t (4H,
C=CCH,), 4.18 t (4H, OCH), 6.65
br.s (2H, NH), 7.08 t (2H,p-H
arom), 7.30 t (4Hm-H arom), 7.41 d
(4H, o-H arom)

1.2-1.8 m (28H, CH), 2.26 t (4H,
C=CCH,), 4.18 t (4H, OCH), 6.67
br.s (2H, NH), 7.07 t (2H,p-H

arom), 7.29 t (4H,mH arom), 7.41
d (4H, o- H arom)

29.17 (CH), 65.64 (CHO), 65.84
(C=CC=C), 119.05¢-Carom)123.76
(p-C arom), 129.44 mC arom),
138.36 (-C arom), 154.07 (C=0)

19.52 (GCCH,), 25.83, 28.56, 28.85,
29.24 (CH), 41.46 (CH), 65.45
P(CH,0), 65.81 (GCC=C),113.78(n-C
arom), 121.39 6-C arom), 128.01
(i-C arom), 148.10 p-C arom),
154.36 (C=0)

19.52 (GCCH,), 26.13, 28.59, 29.08,
29.26, 30.10 (CH), 65.70 (CHO),
68.36 (G=CC=C), 119.06 ¢-C arom),
123.73 p-C arom), 129.42 mC
arom), 138.39 (-C arom), 154.09
(C=0)

19.60 (GCCH,), 26.24, 28.70, 29.18,
29.33, 29.59, 29.7330.11 (CH),
65.79 (CHO), 68.35 (GCC=C),
119.03 6-C arom), 123.72 p-C
arom), 129.43 m-C arom), 138.40
(i-C arom), 154.12 (C=0)

% IR spectra of compoundsa, b, h-k were taken ifCHCI,, of compoundslic-gin KBr pellets.
P 14 and®*C NMR spectra of compoundfa —f were recorded in acetorty; of the other substances i@DCl,.

Table 4. Yields, melting points, and elementahalyses of diacetylene carbamalias-k

Compd. | Yield, mp, Found, % Calculated, %
no. % °c Formula

C H N C H N

lla 48 152-154 70.35 5.67 7.08 C,,H,N,0O, 70.20 5.36 7.44
IIb 77 a 66.15 5.67 6.49 C,,H,,N,04 66.05 5.54 6.42
lic 90 a 56.65 3.96 12.21 C,,HgN,O, 56.66 3.89 12.01
Iid 77 107-109 71.27 5.91 6.84 C,,H..N,O, 71.27 5.98 6.93
lle 78 129-131 67.46 6.22 6.11 C,eH,5N,054 67.23 6.08 6.03
[If 90 142-144 58.42 4.32 11.32 C,,H,,N,Oq 58.30 4.48 11.33
llg 80 167-169 68.48 6.92 11.41 C,eH3N,O, 68.55 6.99 11.42
Ith 70 127-129 73.75 7.43 5.72 CsoH36eN,0, 73.74 7.43 5.73
Il 76 160-162 71.16 7.92 9.71 CsH,N,O, 71.05 8.07 9.75
Ij 73 118-120 74.03 7.78 5.563 Cs,H4oN,0, 74.39 7.80 5.42
Ik 89 96-98 75.43 8.44 4.75 CseH.4sN,0, 75.49 8.45 4.89

& Compoundsla, b undergo solid-phase topochemical polymerization before they are heated to rpeltirsg,
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The data in Table 5 also show that the activity of
diyne carbamates in polymerization depends on the
wavelength of theadiation. At the use of the mercury
lamp of medium pressure PRK-400 with a Pyrex
glass filter the samples are irradiated with light in the
range of 360370 nm wavelength. The diyne
carbamates have no absorption bands in this spectral
range (see figure and Table 6), arnlerefore no
polymerization occurs.

Typical UV spectrum of diyne carbamatia k. ~ When the same lamp is used without tRgrex
filter, about 16% of the radiation power correspond

Since the penetrability of the far UV radiation t0 the region with a maximum at 254 nm [31] that
(180-300 nm) is low, thepolymerization was carried apparently ensures the activity of diyne aryl-
out in a water dispersion of crushed diyne crystalggarbamates in the solid-phase polymerization. Note
under stirring. The process is heat-releasing , andhowever that monomer conversion in thisase
therefore water played the role of heat-transfgent. ~ constitutes about a half of that obtalne'd under irradia-
The irradiation period and wavelength of the UV light tion with a lamp BUV-15 with the main wavelength
were important parameters for the polymerizationimax 254 Nm. Diyne p-nitrophenylcarbamates virtual-
process. ly did not polymerize within the experiment period

. . under UV irradiation with theabove sources.How-

The results of photoinitiated solid-phase poly-gyer 4t prolonged (within several tens of hours)
.rpaet;'lzagof'rhgf d;?amsfunggl?h;kfoigewiﬁreigﬂﬁgsignsstanding in diffused daylight a polymerization was
In the séries of pheny?c%rbamates with gn odd numb obse_rved that apparently_ shou_ld be. described with

Hinetic curves with a long inductioperiod. Although

of methylene groupsn(= 3, 7, 9) the activity in :
A . . : these compounds absorb light at 3800 nm the
polymerization grew with chain elongation. The Samentensity is not sufficient for fast polymerization, or

effect is observed with phenyicarbamates with a he energy of the triplet excited state of the nitro-

even number of methylengroups 0 = 2, 6), and the e,|ohenylcarbamate group is lower than that of diacetyl-

compounds with the even number of methylen
groups were more active, than those with the odEn€ 9roup and therefore the energy transfer to the
' diacetylene fragment becomesipossible.

number (carbamates with two and six G€ldgroups
were moreactive than their respective analogs with In a series of diyne carbamates wijihra-substitu-
three and seven Cfyroups). Thencrease in activity ents in the benzeneng (NO,, H, CH,0, Me,N) the

of diyne carbamates with growing number of methyl-jowest polymerization activity was observed in
ene groups suggested the following hypothesis. It i-nitrophenylcarbamate$lb and lle. The activity
known that diacetylene molecules located in stacks agonsiderably grew in going to phenylcarbamates and
bars are synchronously rotating in the course ofyrther to p-methoxycarbamatélb and Iif . On the
polymerization without displacement of the masscontrary, the introduction of a p-dimethylamino

centers.Since these carbamate molecules are fixed &roup (compoundsig and Ili) resulted in decreased
the ends with the hydrogen bonds this rotationyctivity in photopolymerization.

requires internal freedom that is just provided by o _ _
methylene groups playing the role spacersWith More detailed interpretation of the results obtained
growing number of methylene groups the degree ofequiresdata on the packing of molecules of these
freedom also increases resulting in higher polymerizcompounds in the unit cells of thesrystals.

ation degree. The separation of thié/ne carbamates As reported in the literature [32], theliyne

in two groups may be only due to the different .o mate are not capable of thermalymerization.
crystallographic packing. Interestingly enough that intp. results of this study invalidate this statement.

the literature was described the polymerization of . :
diyne phenylcarbamates with= 4, 5, 6 unden-ir- Two among eleven previously unknown diyne

. , carbamates we synthesized were active in thermal
radiation (60 Mrad) where the diyne phenylcarbamat%olymeriza,[ion  3,5-octadiyne-1,8-diyl bis[4-meth-
with 5 methylene groups was inactive, and the com- - '

pounds with 4 and 6 methylene groups fumisheaoxyphenyl)car_bamate]II(J), and 3,5-octadiyne-1,8-
polymer in 95 and 70% yield respectivel§0] diyl bis[n-(4-nitrophenyl)carbamate]i€¢). Diyne lib
' changed from colorless to dark-redeven at
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Table 5. Degree ofdiyne carbamat#ia -k conversion at UV irradiation from different sources (%)
Lamp BUV-15 Lamp PRK-400 without filter
Compd.
no. Color of polymer IVa—-k
run no.1 | run no.2 run no. 1 run no. 2
lla 25 26 - - Orange
l1b 80 82 41 42 Dark-red
lic 0 0 0 0 -
lid 17 17 8 9 Blue
lle 28 27 14 13 Blue
[If 0 0 -
llg 9 8 - - Light-violet
Ith 48 50 - - Light-red
I 28 27 - - Dark-red
Ilj 31 34 - - Blue
Ik 57 55 27 28 Blue
& The degree of conversion is given to the neargstcent.
Table 6. UV spectra of diyne carbamatéla -k depending on substituent X in phemjhg®
7\‘min 11 nm kmax 11 nm 7\‘min 21 nm kma 21 nm 7\‘25&2601 nm 7\‘36&3701 nm
X logen, 1, [logen, 1, logemn 2, logen, 2, [loge, [loge,
| mol™ cm™ | | mol™ cm™] | | mol™ cm™ | | mol™ cm™] | mol™ cm™] | mol™ cm]
H 214 (3.84) 235 (4.48) - 273 (3.27) 250 (3.44) 360 ()
254 (3.16) 366 ()
260 (3.13) 370 ()
MeO 215 (3.79) 240 (4.52) 264 (2.81) 289 (3.49) 250 (4.26) 360 ()
254 (3.96) 366 ()
260 (3.01) 370
NO, 210 (4.17) 219 (4.25) 255 (3.37) 319 (4.41) 250 (3.46) 360 (3.71)
254 (3.37) 366 (3.53)
260 (3.46) 370 (3.36)
Me,N 230 (3.82) 266 (4.54) 297 (2.50) 312 (3.54) 250 (4.29) 360 ()
254 (4.37) 366 ()
260 (4.49) 370 ()

& Average values in homologouseries.

storage in aefrigerator. Theattempt to measure the enyne structure. Asknown from theliterature, the
melting points of these carbamates led to polymerizabsorption bands of triple bonds in the spectra of the
ation, and melting started over 19@0C°C with initial diacetylenes are situated in the region of higher
decomposition (with charring and gas evolution). frequencies. The monomers possess a strong band

. C=C at 2260 cm', and polymers have twstrong
The structure of polydiacetylend¥b, IVc, and N ’ - _
IVi was proved by Raman spectroscopy. In thebgggs cr%lc [3?;] 2100 cm’, and a C=C band at

spectra of these compounds were present the absor%)-
tion bands of conjugated double bonds at 14%H |,

1480 (Vc), 1500 (Vi) cmt, and of conjugated triple
bonds at 2100 ci (in all the three compounds). IR spectra were recorded from 3% solutions in
These data exclude the presence of a butatriene stru€HCI; on spectrophotometer SpecoitbIR, from
ture and reveal formation of polydiacetylenes 0f0.5% and 1%solutions in CHCI, and from KBr

EXPERIMENTAL
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pellets onFourier spectrometer Bruker IFS-88. The (15 mmol) of 3-butyn-1-0l13.075 g (18.75mmol) of
Raman spectra were measured on Ramalog-5 instrd-nitrophenyl isocyanate, 75 mg of dibutyltin bis(2-
ment equipped with an argon lasex 488 nm). UV  ethylhexanoate), 2 drops of f, and 45 ml of
spectra were taken in G&N on spectrophotometer anhydrousTHF. The 4-nitrophenyl isocyanate was
Specord M4QUV-Vis. 'H and*C NMR spectra were added by smallportions.

registered on spectrometer Bruker DPX-300 at 300 4-Pentyn-1-yl N-phenylcarbamate (Id) was

and 75 MHz respectively, solvent€DCl; and prepared similarly to compounda from 0.84 g

(CDy),CO, internal referenceTMS. Mass spectra _ 1.
were obtained on GC-MS instrument MKh-1330,(10 mmol) of 4-pentyn-1-olL.49 g (12.5mmol) of

A henyl isocyanate, 50 mg of dibutyltin bis(2-ethyl-
ionizing electrons energy 70 eV. TLC analyses wer

carried out on Silufol UV-254plates, development qqexanoate), 1 drop of g/, and 30 ml of anhydrous
under UV-irradiation or with potassium permanganate

solution. The preparative TLC was performed on 4-Pentyn-1-yl N-(4-methoxyphenyl)carbamate
Silpear! silicagel, spots were visualized under UV (le) was prepared similarly to compounid from
irradiation. Thetopochemical solid-phase polymeriz- 0-84 g (1anmol) of 4-pentyn-1-0l1.86 g (12.3nmol)
ation was carried out under UV radiation of mercury©f 4-methoxyphenyl isocyanate, 50 mg of dibutyltin
lamps of low pressur@UV-15 (A, 254 nm) and of Pis(2-ethylhexanoate), 1 drop of &, and 30 ml of
medium pressure PRK-400.{,, 366 nm) with and anhydrousTHF.

without a Pyrex glasdilter. 4-Pentyn-1-yl N-(4-nitrophenyl)carbamate (If)

The initial acetylene alcohols were prepared by thévas prepared similarly to compound from 0.84 g
following procedures. 3-Butyn-1-ol was obtained (10 mmol) of 4-pentyn-1-0[2.05 g (12.5mmol) of
from lithium acetylide and oxirang34]. 4-Pentyn-1- 4-nitrophenyl isocyanate, 50 mg of dibutyltin bis(2-
ol was synthesized by reaction of tetrahudrofurfuryl€thylnexanoate), 1 drop of &, and 30 ml of
chloride with sodium amide in liquid ammon[gs]. ~ @nhydrousTHF. The 4-nitrophenyl isocyanate was
The synthesis of 6-octyn-1-ol was analogous to [36p9ded by smallportions.
and included four stages starting with 1,6-hexanediol. 4-Pentyn-1-yl N-(4-dimethylaminophenyl)
7-Nonyn-1-ol was prepared by alkylating propargylcarbamate(lg). To a solution 0f0.155 g (1.85mmol)
alcohol followed by isomerization into a terminal of 4-pentyn-1-ol dried with moleculasieves, 10 mg
acetylene alcoho[37, 38]. Thefour-stage synthesis of dibutyltin bis(2-ethylhexanoate), and 1 drop of
of 10-undecenyn-1-ol proceedddom 10-udecenoic EtN in 10 ml of anhydrous THF was added dropwise
acid [39-41]. at stirring 0.32 g (2nmol) of phenyl isocyanate. The
completion of reaction could not be determined by
TLC following the consumption of the initial alcohol,

tion of 1.4 g (20 mmol) of 3-butyn-1-ol, 100 mg of 5 1ha alcohol and carbamate had the sdRnealue
dibutyltin bis(2-ethylhexanoate), and 2 drops ofNEt 0 yeaction mixture was stirred for 2 hfﬁtl;elven.t

in 60 ml of anhydrous THF was added dropwise a5 gistilled off in a vacuum, and the residue was
stirring 2.98 g (25mmol) of phenyl isocyanate. Then g piected to preparative TLC on silica gel (eluent
the reaction mixture was stirred for 1 (TLC  peyaneether, 5:7). Thetarget product was eluted

monitoring). After total consumption of the initial .o silica gel with THE and dried on M
3-butyn-1-ol the solvent was distilled off in a vacuum, g 950

and the residue was subjected to preparative TLC on 7-Octyn-1-yl N-phenylcarbamate (Ih) was pre-
silica gel (eluent hexanether, 1:1). Thereaction Pared in the same way as compouadfrom 0.42 g
product was eluteftom silica gel withTHF, and the (3.3 mmol) of 7-octyl-1-ol dried with molecular
solution was dried on MgSQ sieves, 0.43 g (3.63nmol) of phenyl isocyanate,
15 mg of dibutyltin bis(2-ethylhexanoate), 1 drop of

3-Butyn-1-yl N-(4-methoxyphenyl)carbamate EtN, and 10 ml of anhydrous HF.
(Ib) was prepared similarly to compound from ) ,
1.05 g (15mmol) of 3-butyn-1-ol, 2.8 d18.75mmol) 7-Octyn-1-yl N-(4-dimethylaminophenyl)-
of 4-methoxyphenyl isocyanate, 75 mg of dibutyltin carbamate (li) was prepared in the same way as com-

is(2-ethvih 2 N 45 mil of po_und g from 0.19 g (1.5mmol) of 7-octyl-1-ol
glnsr(]ydert)lj/s_reéghoate) drops of;ff and 45 ml o dried with molecular sieved).27 g (1.65mmol) of

' 4-dimethylaminophenyl isocyanate, 8 mg of dibutyltin
3-Butyn-1-yl N-(4-nitrophenyl)carbamate (Ic)  bis(2-ethylhexanoate), 1 drop of &, and 10 ml of
was prepared similarly to compound from 1.05 g anhydrous THF.

3-Butyn-1-yl N-phenylcarbamate(la). To a solu-
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8-Nonyn-1-yl N-phenylcarbamate (lj) was pre-
pared in the same way as compouadfrom 0.42 g
(3 mmol) of 8-nonyl-1-0l,0.445 g (3.75mmol) of

phenyl isocyanate, 15 mg of dibutyltin bis(2-ethyl-

hexanoate), 1 drop of Y, and 10 ml of anhydrous
THF.

10-Undecyn-1-yl N-phenylcarbamate (lk) was
prepared in the same way as compoulad from
0.84 g (5mmol) of 10-undecyl-1-010.715 g (6Gnmol)

of phenyl isocyanate, 25 mg of dibutyltin bis(2-ethyl-

hexanoate), 2 drops of i, and 15 ml of anhydrous
THF.

10-Undecyn-1-yl N-(4-methylphenyl)carbamate
(I) was prepared in the same way as compotad
from 0.84 g (5mmol) of 10-undecyl-1-01,0.76 g

(5 mmol) of tosyl isocyanate, 25 mg of dibutyltin

bis(2-ethylhexanoate), 2 drops of;8t and 5 ml of
anhydrousTHF. Mass spectrumm/z (l,, %): 365
(0.5) M]*', 302 (1.3) M-SO+1]"", 301 (5.8)
[M-SO,]"", 216 (7.8) [TSNHC(OH)*, 210 (1.3)
[NHC(O)O(CH,)sC=CH]", 199(0.4] TsNHC=0HT",
198 (1.3)[TsNHC=0TJ", 197 (3.8)[TsN=C=0]",
156 (2.9) p-CH;CH,S(O)OH}, 155 (53) [Ts], 152
(1.0) [CH3(CH,)gC=CH]+-, 151(3.4) [(CH)sC=CH]",
150 (6.6) [CH=CH(CH,),C=CH]" ", 135 (4.2), 122
(0.8) [CHy(CH,)6C=CH]-",121 (7.0) [(CH,);C=CH]-,
120 (7.6) [CH= CH(CH,)sC=CH]--, 110 (3.1)
[CH4(CH,)sC=CH]--, 109 (10) [(CH)sC=CH]-, 108
(78) [CH,= CH(CH,),C=CH]-", 107 (18)
[CH,= CHCH(CH,);C=CH]-, 91 (100) [CHCHs]+,
82 (32) [CHy(CH,);,C=CH]"", 81 (14) [(CH,)4C=
CH]", 80 (26) [CH=CH(CH,),C=CH]"", 69 (26)
[CH4(CH,),C= CH,]", 68 (37) [CH(CH,),C=CH]- ,
67 (5) [(CH,);C=CH]*, 66 (26) [CH=CHCH,C=
CH]"', 55 (32) [CHCH,C=CH,", 54 (18)
[CH,CH,C=CH]"", 41 (55) [CHC= CH,]", 39 (18)
[CH,C=CH]".

3,5-Octadiyne-1,8-diyl  bisN-phenylcarbamate

(lla). In 3 ml of pyrrolidine was dissolve®.45 g
(2.28 mmol) of carbamatéa and 44 mg (0.23nmol)

of Cul. The reaction mixture was stirred at room

temperature for 20min. At this moment TLC test
showed no initial compound in the reactiomixture.

785

dried on MgSQ. UV spectrum (CHCN), 2., M
(loge): 235 (4.79), 273 (3.28)ine structure.

3,5-Octadiyne-1,8-diyl bisN-(4-methoxyphenyl)-
carbamate (IIb). In 1.5 ml of pyrrolidine was dis-
solved0.22 g (Immol) of carbamatéb and 19 mg
(0.1 mmol) of Cul. Thereaction mixture was stirred
at room temperature for 1Ein. Then the reaction
mixture was quenched with saturated aqueous®IH
(5 ml), and extracted with THF (310 ml). After
THF was distilled off in a vacuum, the residue was
washed with 15% water solution of HCI and then
with water till neutral washings. UV spectrum
(CH3CN), Apae NM (loge): 240 (4.51), 289 (3.49).

3,5-Octadiyne-1,8-diyl bisN-(4-nitrophenyl)-
carbamate (lic) was prepared analogously to com-
poundllb from 0.235 g (Immol) of carbamatdc,
19 mg (0.1mmol) of Cul, and 1.5 ml ofpyrrolidine.
UV spectrum (CHCN), Apa NM (loge): 218 (4.23),
318 (4.38).

4,6-Decadiyne-1,10-diyl bidN-phenylcarbamate
(ld) was prepared analogously to compouht
from 0.406 g (2mmol) of carbamateld, 38 mg
(0.2 mmol) of Cul, and 2 ml ofpyrrolidine. UV spec-
trum (CH,CN), A NM (loge): 235 (4.54), 273
(3.15) fine structure.

4,6-Decadiyne-1,10-diyl bisN-(4-methoxy-
phenyl)carbamate (lle) was prepared analogously to
compoundllb from 0.23 g (Immol) of carbamate
le, 19 mg (0.1mmol) of Cul, and 1.5 ml ofpyrroli-
dine. UV spectrum (CECN), A, NM (loge): 241
(4.54), 289 (3.49).

4,6-Decadiyne-1,10-diyl  bigN-(4-nitrophenyl)-
carbamate (lIf) was prepared analogously to com-
poundllb from 0.25 g (Immol) of carbamatdd,
19 mg (0.1mmol) of Cul, and 1.5 ml ofpyrrolidine.
UV spectrum (CHCN), A.,., nm (loge): 219
(4.26), 320 (4.43).

4,6-Decadiyne-1,10-diyl bisN-(4-dimethyl-
aminophenyl)carbamate (llg). In 1 ml of pyrroli-
dine was dissolve®.07 g (0.28mmol) of carbamate
Ig and 5 mg (0.028nmol) of Cul. Thereaction mix-
ture was stirred for 40 min at room temperature (TLC
monitoring). The reaction mixture wagienched with

Then the reaction mixture was quenched with saturatsaturated water solution of N@&I (2 ml), and the

ed aqueous NECI (5 ml), andextracted with THF
(3x10 ml). THF wasdistilled off in a vacuum, the

product was extracted into THF ¥% ml). THF was

partially removed in a vacuum, and the product was

reaction product was isolated by preparative TLC orprecipitated by 10-fold amount of water (2@l),

silica gel (eluent ethefHF, 10:1). The target
product was washedrom silica gel with THF and

filtered off, and washed withwater. UV spectrum
(CH4CN), Apae NM (loge): 266 (4.57), 311 (3.63).
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7,9-Hexadecadiyne-1,16-diyl biN-phenyl-

carbamate (Ilh) was prepared analogously to com-

poundllg from 0.245 g (1mmol) of carbamatéh,
19 mg (0.1mmol) of Cul, and 1.5 ml ofpyrrolidine.
UV spectrum (CHCN), Apa NM (loge): 235 (4.18),
273 (3.36) fine structure.

7,9-Hexadecadiyne-1,16-diyl bidN-(4-dimethyl-
aminophenyl)carbamate (lli) was preparedana-
logously to compoundlg from 0.288 g (1mmol) of
carbamatdi, 19 mg (0.1mmol) of Cul, and 1.5 ml
of pyrrolidine. UV spectrum (CECN), A, nm
(loge): 266 (4.52), 312 (3.45).

8,10-Octadecadiyne-1,18-diyl biN-phenyl-

carbamate (ll)) was prepared analogously to com-

poundllg from 0.2 g (0.77mmol) of carbamatdj,

0)

m o

0
! I,
CHg@#—NH— (—OCH,CC=CH,0—C—NH- ﬁ@cm
0 o)

m o O

VYAZMIN et al.

15 mg (0.078mmol) of Cul, and 1.5 ml ofpyrroli-
dine. UV spectrum (CECN), A, NM (loge): 235
(4.41), 273 (3.40)fine structure.

10,12-Docosadiyne-1,22-diyl biN-phenyl-
carbamate (Ilk) was prepared analogously to com-
poundllg from 0.287 g (1mmol) of carbamatdk,
19 mg (0.1mmol) of Cul, and 1.5 ml ofpyrrolidine.
UV spectrum (CHCN), Apa NM (loge): 235 (4.47),
273 (3.18) fine structure.

2-Butyne-1,4-diyl bis|N,N'-di(4-methylphenyl-
sulfonyl)]Jcarbamate (lll) was prepared in the same
way as compoundl from 172 mg (2 mmol) of 2-
butyne-1,4-diole, 0.556 ml (4nmol) of tosyl iso-
cyanate, 10 mg of dibutyltin bis(2-ethylhexanoate),
2 drops of E{N, and 5 ml of anhydroug HF. Yield
130 mg (23%), mp 166L68°C (with decomposition).

o m

m

O o

I

'H NMR spectrum (CRCOCDy), 6, ppm: 2.43 s
(6H, CHy), 4.71 s (4H, CHO), 7.42 d (4H,mH
arom), 7.89 d (4Hp-H arom).*C NMR spectrum
(CDsCOCDy), 8, ppm: 21.03 (CH), 53.62
(CH,0) 81.16 (GC), 128.47 (»C arom), 129.96
(o-C arom), 136.92-C arom), 145.24i{(C arom),
150.64(C=0). Found, %: C 49.96; H 4.36; §.76.
C,oH50N,05S,. Calculated, %: C49.99; H 4.20; N
5.83.

Polydiacetylenes IVak. Solid-phase topochemical
polymerization of diyne carbamatéis -k was carried
out under UV irradiation by mercury lam@UV-15
and PRK-400 under standard conditions fordajines.

In a weighing bottle of 58 mm diameter was charged

30 mg of diyne and 10 ml of distilledvater. The

weighing bottle was placed under a focusing tube
connected with three low-pressure BUV-15 lamps (or
under a PRK-400 lamp) at a distance of 10 cm. The g

irradiation was carried out for 5 min at stirring with
a magneticstirrer. Then the water was filteredff,

and the weighing bottle was put into a vacuum-

desiccator over O for 24 h. Then 5 ml of CHCl,

was added, and the precipitated polymer was filtered
off. The solvent was removed in a vacuum, and the 7.
residue was weighed. With every compound two

polymerization runs were performed iorder to
estimate the reproducibility aesults. The irradiation

by PRK-400 lamp was done in two modes: with and

without a Pyrex glasdilter. Under thelatter condi-
tions was performed only polymerization of com-
pounds llb -f, k.

REFERENCES

1. Polydiacetylenes. Synthesis, Structure and Electronic
Properties, Bloor, D., Chance,R.R., Eds., Dord-
recht: Nijhoff Publ., 1985.

2. Kucherov, V.F., Mavrov, M.V., and Derzhin-

skii, A.R., Prirodnye poliatsetilenovye soedineniya

(Natural Polyacetylenic Compounds), Maoscow:

Nauka, 1972, pp. 109413; 139147; 217232.

Nicolaou,K.C. and Smith, A.L., Modern Acetylene

ChemistryStang,P.J. andDiederich, F., Weinheim:

VCH, 1995, pp. 203283.

4. Maretina, I.LA. and Trofimov, B.A., Usp. Khim.,

2000, vol. 69, no. 7, pp. 64860.

Temkin,O.N., ShestakovT.K., andTreger, Yu.A.,

Atsetilen. Khimiya.Mekhanizmy reaktsii. Tekhnolo-

giya (Acetylene. ChemistryReaction Mechanisms.

Technology), Moscow: Khimiya, 1991, pp. 34352.

6. Wegner, G.Z. Naturforsch.,1969, vol.24B, no. 7,

pp. 824-832.

Crystallographically Ordered Polymers, Sand-

man, D.J., Ed., Washington: American Chemical

Society, 1987, pp. 2543.

8. Koshuleva, S.Kafri, R., Katz, M., and Jelinek, R.,
J.Am. ChenSoc.2001, vol. 123, no. 3, pp. 41422.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 6 2002



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

SYNTHESIS OF NEW CONJUGATED DIYNES

Pan, J. and Charych, DLangmuir, 1997, vol. 13,
no. 6, pp. 13651367.

CharychD.H., Nagy,J.O.,Spevak, W., and Bernar-
ski, M.D., Science 1993, vol. 261, pp. 58%88.

Nelineinye opticheskie svoistva organicheskikh mole27.

kul i kristallov (Nonlinear Optic Properties of
Organic Molecules ancCrystalls), Shemly, D. and
Zissa, J., Eds., Moscow: Mir, 1989, vol. 2,
pp. 5-128.

Nonlinear Optics of Organic Molecules and Polymers

Nalwa,H.S. andMiyata, S.,Eds.,Roca Baton: CRC 2g.

Press.,1997, pp. 648665.

Shklover, V.E., Timofeeva, T.V., and Struch-
kov, Yu.T., Usp. Khim., 1986, vol. 55, no. 8,
pp. 12821318.

Sandman, D.J., Samuelson, L.A., and Velaz-
quez, C.S., Polym. Comm., 1986, vol. 27, no. 6,
pp. 242243.

Sonogashira, K.Comprehensive Organic Synthesis,
Trost, B.M. and Fleming, I|., Eds., New York:
Pergamon, 1991, vol. 3, pp. 5561.

Siemsen, P., LivingstorkR.C., andDiederich, F.,
Angew. Chem. InEd., 2000, vol. 39, pp2632-2657.
Alami, M. andFerri, F., TetrahedronLett., 1996,
vol. 37, no. 16, pp.2763-2766.

Sonogashira, K.,Metal-Catalyzed Cross-Coupling 34
Reactions, Diederich, F. and StangP.J., Wiley:
VCH, 1998, pp. 203229.

Perrin, D.D., Dissociation Constants of Organic
Bases in AqueouSolution, London: Butterworths,
1965, p. 184a.

Liu, Q., Burton, D.J., Tetrahedron Lett., 1997,
vol. 38, no. 25, pp.4371-4374.

Hay, A.S., J. Org. Chem.,1960, vol. 25, no. 7,
pp. 12751276.

Hay, A.S., J. Org. Chem.,1962, vol. 27, no. 9,
pp. 3326-:3321.

Eglinton, G. andMakrae, V., Usp. Org. Khim.,
Moscow:Mir, 1966, vol. 4, pp. 238B42.
Rozenberg, M., Loewenschuss, A., avfdrcus, Y.,
Phys. Chem. ChemPhys., 2000, vol. 2, no. 12,
pp. 2699-2702.

logansenA.V., Vodorodnaya svyazSokolov,N.D.,

26.

28.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

787

Ed., Moscow: Nauka, 1981, pp. 11355.

Gillet, J.,Fotofizika i fotokhimiya polimeroyPhoto-
physics and Photochemistry &folymers), Moscow:
Mir, 1988, pp. 334339.

Patel,G.N., Chance,R.R., Turi, E.A., andKhan-
na, Y.P.,J. Am. ChemSoc.,1978, vol. 100, no. 21,
pp. 66446649.

ChanceR.R., Patel, G.N., Turi, E.A., andKhan-
na, Y.P.,J. Am. ChemSoc.,1978, vol. 100, no. 4,
pp. 13071312.

Kruchinin,V.N., Repinsky,S.M., Sveshnikoval .L.,
Koshkina,l.M., Auvinen, E.M., andDomnin, I.N.,
Thin Solid Films,1994, vol. 240, no. 2, pp. 13137.
Tachibana, H., Kumai, R., Hosaka, N., anhdku-
ra, Y., Chem. Mater., 2001, vol. 13, no. 1,
pp. 155158.

Rabek,Ya., Eksperimentahye metody v fotokhimii i
fotofizike (Experimental Methods on Photochemistry
and Photophysics), MosocwMir, 1985, vol. 1,
pp. 88-95.

Crystallographically Ordered Polymers, Sand-
man, D.J., Ed., Washington: American Chemical
Society, 1987, pp. 14a51.

Melveger,A.J. andBaughmanR.H., J. Polym. Sci.
Polym. PhysEd., 1973, vol. 11, no. 4, pp. 66819.

. Brandsma, L.,Preparative Acetylenic Chemistry,

Amsterdam: Elsevier, 1988, pp. &35.

Brandsma, L.,Preparative Acetylenic Chemistry,
Amsterdam: Elsevier, 1988, pp. 18383.

Brandsma, L.,Preparative Acetylenic Chemistry,
Amsterdam: Elsevier, 1988, pp. €32.

Conia, J.M., Bull. Soc. Chim.,1955, no. 1112,
pp. 14491452.

Bergelson, L.D. and Molotkovskii, Yu.G.,, lzv.
Akad. Nauk SSSR, Ser. Khim.1964, no. 5,
pp. 8606-863.

Jeffery,J.H. andVogel, A.l., J. Chem.Soc.,1948,
no. 5, pp. 662673.

Narasimhan, S., Mohan, H., and Madhavan, S.,
Indian. J.Chem., 1995, vol.34B, no. 6, pp. 531534.
Brandsma, L.,Preparative Acetylenic Chemistry,
Amsterdam: Elsevier, 1988, pp. 24516.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 6 2002



