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Abstract—Reactions of 2-(vinyloxy)ethyl isothiocyanate with dicarboxylic adiaglonic, succinic, glutaric,
adipic, pimelic,sebacic acids) under nucleophilic conditions-(1® wt% of EtN, 55-80°C, 5-50 min) yield
quantitatively N,N'-bis[(2-vinyloxy)ethyllamides.

A catalyzed by bases reaction of isothiocyanate2-haloacetatefl9, 20]. Thesame products were also
with carboxylic acids was described among method®btained under electrophilic conditions, which was
of preparation of N-substituted amidesfd. The more natural [1618] in keeping with the chemical
process usually requires relatively high temperaturgharacter of the vinyloxgroup. Here, theufficiently
(160-17C°C, 1540 min). The unique significance strong halocarboxylic acids obviously completely
of amide function both in nature and chemical sciencéyind the amine catalyst into stable sa#ad, thus,
is well known [7, 8], and from this viewpoint the remove it from theactive zone of theeaction. The
development of convenient synthesis of new amidéncrease in EN concentration (up to equimolar)
representatives, especially functionallysubstitutedysually resulted only in strong tarring of the reaction
IS Important. mixture but did notffect the direction of theeaction.

2-(Vinyloxy)ethyl isothiocyanatel f as bifunctional The reactions of isothiocyanates with dicarboxylic

monomer and reagent extensively applied t0 strucacids apparently are nadescribed.
turally selective modification of different compounds

[9, 10], including simultaneous synthesis and func- In the present study aiming at preparation of
tionalization of pyrroles and 2,3-dihydropyridines previously unavailable divinyl ethers of diamidodiols,
[11-15], is anappropriate starting compound for the promising polyfunctionalmonomers, synthons, and
preparation of a new family of functional amides via modifiers of polymeric materials, arglso hoping to
carboxylic acids. We were the first to study reactionsacquire new data on the reactivity and synthetic
between 2-(vinyloxy)ethyl isothiocyanate and mono-potential of 2-(vinyloxy)ethyl isothiocyanate we
carboxylic acids of various structures [9, 10,-26].  investigated its reactions with a number of dicarb-
It was found that in the presence of I wt% of oxylic acids (malonic, succinic,glutaric, adipic,
Et;N acetic, propionic, 2-methylpropanoi8;methyl-  pimelic, sebacic, maleic, anghthalic) under nucleo-
butanoic, pentanoic, octanoic, and 2-(3-indolyl)-philic conditions. Same as with monocarboxylic
ethanoic acids cleanly and asrale quantitatively acids, the resultannot be predicted beforehand, for
added across the N=C bond affording previouslythe process may be complicated by a concurrent (or
unknown N-[(2-vinyloxy)ethyllamides of the respec- selective) addition of the acid to vinyloxy group and
tive acids [19, 20]. The reaction was carried out py transformation of the arising amide into 2-methyl-

predominantly without solvent at stoichiometric 1 3-oxazolanone (via intramolecular addition of the
reagents ratio and 400°C within 0.5-4 h. Yet the  NH group to vinyloxy group) [9, 1920].

halocarboxylic acids (2-chloro2-bromo-, trifluoro- _ . .
acetic acids) under the same conditions unexpectedly It was establishethat, in thepresence of catalytic
added exclusively to the vinyloxgroup of isothio- amounts of triethylamine (35 wt%), 2-(vinyloxy)-
cyanate | providing 1-(2-isothiocyanatoethoxy)ethyl ethyl isothiocyanate as expected reacted with alkane-
_ dicarboxylic acids with sufficiently high regioselec-
For communicationXVIll, see [1]. tivity affording in virtually quantitative vyield

*
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Table 1. Reaction conditions of 2-(vinyloxy)ethyl isothiocyandtewith dicarboxylic acids, RCOOH), [molar ratio
isothiocyanatel : R(CCOOH), 2:1, 0.0:0.02 mol]®

Run R Amount of Temperature, Time, no. of Yield
no. EtN, wt% °oC? h bis-amide bis-amide, %

1 CH, 15 55-60 (32) 5 1] ~40-50"

2° CH, 15 80-85 25 1] ~50-60"

3f CH, 15 90-143 13 1] ~100"¢

4 CH, 15 100-120 (32) 4 1] ~100"o"

5' CH, 15 ~110 (34) ~5-7 min 1] ~100

6" (CH,), 10 70-80 (27) 4 \Y, ~50-60""
7" (CH,), 15 70-80 (29) ~50 min \Y, 47.3 (100)
8 (CH,), 15 ~60 (31) ~5-7 min" \Y 56.7 (-100)
9 (CH,), 15 55-60 (28) ~10 min VI 84.9 (-100)
10 (CH,), 10 55-60 1 VI 63.3 100)
11 (CH,), 5 75-77 (22.5) ~15 mir" VI 71.1 ¢100)
12* (CH,), 1 55-60" 6 VI ~50""° _
13 (CH,)s 15 ~60 (26) ~3-5 min" VI 67.1 (-100)
14 (CHy)q 10 45-60 (22.5) ~5-7 min" Vil 57.7 ¢100)
15 CH=CH 15 55-60 (39) 5 IX ~40-50"°
16° CH=CH 15 80-85 25 IX ~100"°

17" CH=CH 15 138-143 3 IX ~100"9

18 CH=CH 15 ~100 (36 ~3-5 min IX ~100"°

19 CH=CH 15 85-90 ~3-5 min IX ~100"""

20 n-CgH, 10 55-60 (22 1

70-80 3
~80 3 X ~85-9¢f"°

21° n-C4H, 15 70-80 (31) 13 X ~90-95""¥
22" n-C¢H, 15 95-105 (37) 2 X v

"5 ml of xylene.
9 IR spectrumweak bands of NH and Cj# CHO, band oN=C=S islacking.

" Sulfur content~7.5%.

' Molar ratio acid: isothiocyanate 1:3.

I Yield of crude product.

The acid was added to a solution of catalyst in isothiocyahate

The temperature of self-heating after reagents and catalyst mixing@ti@ biven inparentheses.
Preparative yield with respect to reagents amount taken fopitheess.

Conversion of isothiocyanatk estimated from the IR spectra of reaction mixture [from relative intensity ofbtded at 2100
2200 cm® (N=C=S)].
5 ml of benzene.

¥ The catalyst was added to a mixture of acid and isothiocyahate
' Concurrent reaction at vinyloxy group (IRpectrum).
™ The reaction mixture was additionally kept for-#® min at room temperature.

n

< = -~ wn = o o o

=

The reaction mixture was heated to-A8C°C, then the temperature was decreased t&6% within ~10 min.
Tarring of the reactionmixture.
Polymer.

Self-heatingfrom 100 to 195C.
Sulfur content~14%.
Heating to~85°C, then the temperature was decreased t&66% within ~10 min.
Benzene (8 ml) was added and heating to boiling was continued fan8arke.
Sulfur content5.8%.

In ‘M NMR spectrum signals of amide were registered.
Strongly tarred crystals.
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previously unknown N,N'-bis[(2-vinyloxy)ethyl]- reaction grew from-10 min to 6 h, and a trend to the

amides Il -VIII . alternative reactionpath, addition of the acid to
vinyloxy group to furnish bis-acetal-acylaX() [R =
(CH,),] was more pronouncedl]. The concurrent

0o O reaction at vinyloxy group occurred also with succinic
/\O/\/Nz-zs + HOJJ\RJ\OH and phthalic acids in the presence of 10 wt% ofNEt
(Table 1, runsnos. 6 and 20)Since the carboxylic

1 acids are known [21] to react with vinyl ethers at

heating also without acid catalyst, the decreasing of

g 0. R O g triethylamine concentration is obviously unfeasible.
— o7 DA ER AR ~To Besides at low concentrations of triethylamine the
S o O S elimination of carbonyl sulfide isetarded, andhere-
In fore the target products contain impurities of inter-
mediate Il or its derivatives.
H—N/_\O
o \
K N 10
- 0 N = =S
Cos H_N>: o / e HO™ R™ "OH
I
I-X
//S
R= (CH), n= 1(lll), 2 V), 3 (), 4 V)5 " 1\{/.
(VII'), 8 (VIll ); CH=CH (X); 0-CgH, (X). ¢
0—( _)
The reaction progress was monitored by IR spectra O:<R 0
of the reaction mixtures: The intensityecrease in o= O
absorption bands dfi=C=S at2199-2299 cm? was 0~
followed till complete disappearance at retention of Me N
the main absorption bands of vinyloxy group at 820 \\-\
840, 960, 1200, 13201620-1640 cm-. \s
XI

The reaction conditions and amides yield are
summarized in Table 1. The data presented in Table 1
show that same as with the monocarboxylic a "
20] the process in the majority @fses ogcurs(tgri'lsder by the order ofreagents and catalyst addition. To
relatively mild conditions: without solvent, at short SUPPress the unwanted reaction at the vinyloxy group
heating (for severaininutes, mostly to 5550°C) of It iS feasible to add the acid to the solution of the
stoichiometric amounts of reagents. The formation of@t@lyst in isothiocyanate. No advantages provided
an intermediatell is accompanied by simultaneous the addition of solvents (benzene, xylene), and as a
ready and as a rule complete elimination of carbonyfule it decelerated thprocess(Table 1, runsos. 2,
sulfide as indicates gas evolution in the course of thé: 16, 21).
reaction, elemental analysis (lack dcfulfur), and IR In the presence of 115 wt% of EtN glutaric,
spectra (disappearance of usual strong C=0 absorggipic, pimelic, andsebacic acids cleanly and quanti-
tion band at~1700 cm” [19]) of reactionproducts. iaiively add to isothiocyanaté at 45-60°C within
Onoly bis-amidelll even after purification contained _5 10 min (Table 1, runsi0s. 8, 9, 13, 14yielding
~2% of sulfur (Table 2). The qualitative indication of he corresponding amides. Tattain better results
the completion of reaction was the stopped gas evolysith succinic acid a higher temperature and longer
tion. reaction time was required (Table 1, run no. 7). Even

The effect of catalyst amount on tderation of the stronger among thacids under study was malonic
process and on bis-amide yield was investigated by aacid, and the process therewitducceeded only at
example of reaction between isothiocyanatavith ~ 50% excess of isothiocyanateand~110°C (Table 1,
adipic acid (Table 1yruns nos. 912). Ondecreasing run no. 5). At stoichiometric reagents ratio the reac-
the EtN concentration from 15 to 1 wt% the time of tion with malonic acid at 55%0°C proceeded very

The result of reaction is also somewhatfected
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Table 2. Melting points and elemental analyses of N,N‘-bis[(2-vinyloxy)ethyl]amidesVIIl, X

Found, % Calculated, %
Conr(r)\pd mp, °C Formula
' C H N C H N
@ ~115 52.99 7.23 11.49 C,,H1gN,O; 54.53 7.49 11.56
\Y, 111-113 54.68 9.49 10.99 C.,H,N,0, 56.23 7.87 10.93
\Y 120-121 57.15 9.90 11.03 C,H,.N,0, 57.76 8.20 10.36
VI 125-126 58.35 8.36 9.77 C..H..N,O, 59.13 8.51 9.85
Vi ~100 57.96 8.77 8.12 C.:H,6N,0, 60.38 8.78 9.39
Vil ~125 61.38 9.41 7.44 C,gH2N,0, 63.50 9.47 8.23
X 85-92 61.11 5.52 7.62 C.eHaoN,O, 63.14 6.62 9.20
2 Sulfur content~2%. ° Sulfur content4.10-4.85%.
Table 3. IR spectra oiN,N'-bis[(2-vinyloxy)ethyllamidesIl -VIII, X (in CAC}, cm™)
Compd. v(N-H) v(C=0) v[C(O)NH] v(C=C-0)
no.
1] 3320 3440 1645 1675 1510 1545 1620 1640
\Y, 3440 1660 br 1680 sh 1515 1618 1638
\Y 3450 1665 1680 sh 1515 1618 1638
VI 3440 1665 1680 sh 1520 1620 1640
VI 3440 1665 1680 sh 1515 1618 1638
Vil 3450 1665 1680 sh 1510 1620 1640
X 3422 3472 1710 1720 1525 1550 1618 1638
Table 4. *%and**C NMR spectra oN,N'-bis[(2-vinyloxy)ethyl]lamidedlIl -VIlI, X
1A
Compd. . NMR spectrum, CDC| 3, ppm
no. NH, s CH,=CHO OCH, NCH, R
@ CH, 8.14 |6.49 g, 4.19d.d, 3.98 d.d [3.31 m 3.67 m
\Y, (CH,), 6.39 |6.44 q, 4.18d.d, 4.02 d.d |[3.73t, 3.51 q |2.53 s
V (CH,), 6.16 |6.44 q, 4.21d.d, 4.05 d.d |3.76 t, 3.53 q |2.24 t, 1.97 m
VI (CH,), 599 |6.45 g, 4.19d.d, 4.03 d.d |3.75t, 354 q |221 m, 1.66 m
VI (CH,)s 598 |6.44 g, 4.20d.d, 4.03 d.d [3.74t, 352 q |219t 161 m, 1.32 m
Vil (CH,), 585 |6.44 q, 4.19d.d, 4.03 d.d |3.74t 353 q |2161t 1.61 m, 1.2 m
X 0-CiH, 6.41 q, 4.47d.d.d, 4.16 d.d |{3.99 m, 3.95 m [7.84 m, 7.71 m
X2 0-CiH, 6.45 q, 4.22d.d, 3.97 m 3.97 m 7.87 m
13,
Compd. C NMR spectrum, CDGJ 3, ppm
no. Cc=0 OCH= CH,= OCH, NCH, R
@
\Y, 172.36 151.43 87.30 66.64 38.89 31.66
\Y 172.72 151.32 87.56 66.74 38.80 35.25, 21.88
VI 172.89 151.38 87.31 66.72 38.74 36.18, 25.01
VII 173.20 151.42 87.37 66.83 38.76 36.32, 28.67,25.18
Vil 173.33 151.39 87.32 66.84 38.69 29.18, 25.66
X 168.19 151.30 87.19 64.62 37.11 134.08 ¢-), 132.11 p-), 123.40 ()
X2 168.02 151.75 87.69 64.79 37.10 134.82 0-), 132.84 p-), 123.42 (1)
2 In DMSO-;.
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slowly, and in 5 h thesothiocyanate conversion did elemental analyses (Table 2), IR (Table 3), dhtl
not exceed~40-50% (Table 1. run no. 1). Although and **C NMR spectra (Table 4). The assignment of
the 100%isothiocyanate conversion was attained bythe absorption bands in the IR spectra was based on
increasing temperature to 12ZIMFPC (Table 1, runs the datafrom [22-25].
nos. 3 and 4), theproduct therewith virtually
completely transformed presumably into the cor-
responding 2-methyl-1,3-oxazolanong]. Its IR
spectrum lacked not only absorption bands of iso
thiocyanate group but also those of vinyloxy and NH . . . )
groups. Aconsiderable content of sulfur indicated by WE'€ registered from diluted solutions (@HCl,)
elemental analysis reveled the presence of derivative¥n€ré the hydrogen bonds as a rule were partially or
of adductll. It is quite regular taking intaccount CcOMPIetely dissociated (depending on the associate
that the catalyst might be partially or completelyYP€ and the solution concentration).
bound by theacid. Weshowed formerly{19, 20] that The frequency values of the absorption bafrdsn
triethylamine accelerated both addition of carboxylicthe main structural fragments of amidegs-VIIl, X
acids to isothiocyanaté and decomposition of the confirm their structure and indicate that in diluted
arising mixed anhydride with elimination of COS to solutions amideslV-VIIl are present mainly or
yield amides. exclusively as a singldsomer, Z-(trans), in con-
Thus it is obvious that with strongeacids the formity with the publisheddata. It iswell known that

reaction occurs with more difficulty quite in keeping cOmpounds of amide type posseZsE-isomerism
with the electrophilic character of the isothiocyanateWith respect to GN bond [24], and the morestable
group. Presumably this was the reason why we failedS commonly thez-isomer to which belongs the high-
to synthesize the corresponding amide from iso-  frequency component of the M bond vibrations.
thiocyanate and maleic acid (Table Iuns nos. 15  The appearance of the second absorption band cor-
19). In this case the process was additionallyresponding to the NH bond (at 3320 cnt) and
complicated by strongarring and polymerization of strongly reduced value of the low-frequency
reaction products and perhaps by their cyclizatiorcomponent in the carbonyl doublet of the amidie
(weak bands of NH and Cj¢ CHO in the IR spectra). spectrum is probably due to occurrence of a hydrogen
Same as with malonic acid the conversion at@BC  bond with formation of a stable six-membenadg of

did not exceed~40-50% (Table 1, run no. 15) at A type.

obvious tarring of theoroduct, and at higheempera-

The amide molecules are known to be strongly
associated in the solid state due to formation of strong
hydrogen bonds, Therefore facilitate the identifica-
tion of absorption bands the IR spectra of compounds

ture (Table 1, runsios. 1619) although the isothio- I,{

cyanate conversion attained0%, thereaction pro- /\ONNWO

ducts were rubber-likgpolymers. Aswith malonic ()" N~
acid (Table 1, runno.4), the elemental analysis H O
showed a large content of sulf(®»14%) in thereac- A

tion products. Theresence of intermediaté (or its L _ _
derivatives) in the reaction products is also revealed N the "H NMR spectrum (in acetondg) of amide
by a relatively strong absorption band in the IR!!l @lso appear two signals from NH group aB2
spectra at 1700 cmh (C=0) [19]. and 7.25 ppn{with mtegral intensity ra_'uo~1:1.5—2).
_ ) _ _ . Also the other proton signals are split and displaced
With phthalic acid we succeeded to obtain amidgy conrast to the spectra of the other amitiés VIl

X in a low yield (not estimated) at 8803C  \ynere are registered signals from a sinigemer.
(Table 1, run no22), but themain reaction products

were resinous substances. In the other runs (Table 1, The more comprehensive analysis of the spectral
runs nos. 20, 21) théH NMR spectra revealed the characteristics of amides synthesized will be published
presence of amidX in the products, but itisolation ~ €lsewhere.

was hampered by strong tarring of the reaction mix-
ture. EXPERIMENTAL

Reaction productslll -VIIIl, X are colorless IR spectra were registered on a double-beam
powders, soluble in the most organic solvents, spectrometer Specord 75IR from KBr pellets and solu-
purified by reprecipitation fronacetone withhexane. tions in CHCI; of concentration0.02-0.005 mol rt
Their composition and structure were confirmed byin cells0.01 mm and 10 mnthick respectively. The
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measuring scale wa$00/100 cmt, scanning time
11 min. Theresolution of the spectrometer in 1700

1500 and 35068200 cm* regions was 1 and 2 cth 9.

respectively'H and**C NMR spectra were recorded

on spectrometer Bruker DPX-400 (400 and 100 MHz10.

respectively, ~5-10% solution inCDCl;) at room
temperature, internal referendéMDS.

2-(Vinyloxy)ethyl isothiocyanatel | was synthesiz-
ed by method26], the dicarboxylicacids used were
commercial products purified by recrystallization.

N N -Bis[2-(vinyloxy)ethyllmalonamide (lII),
N N -bis[2-(vinyloxy)ethyl]succinamide (IV),
N N -bis[2-(vinyloxy)ethyl]pentanediamide (V),
N N -bis[2-(vinyloxy)ethyllhexanediamide (VI),
N N brs[2 (vinyloxy)ethyllheptanediamide (VII),
NY, N brs[2 (vinyloxy)ethyl]decanediamide (VIII)
and N*,N? -bis[2- (vrnyloxy)ethyl]phthalamrde (X)

were prepared under conditions indicated in Table 115.

As a rule, acalculated amount of dicarboxylic acid
was added to thestirred solution of triethylamine
(10-15 wt%) in 2-(vinyloxy)ethyl isothiocyanatel ).

In the synthesis of amiddd andX was used a 50%
excess of isothiocyanatd)(over the stoichiometric

amount. The reaction products were purified byl7.

reprecipitation with hexanom acetonesolution.
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