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Abstract—The reaction of 4-alkyl-4-hydroxy-2-alkynenitriles with hydrogen halides (HCI and HI) in dioxane
is accompanied by intramolecular cyclization with formation of 5,5-dialkyl-4-halo-2-imino-2,5-dihydrofuran
hydrohalides. Treatment of the latter with,8O; in ethanol yields 5,5-dialkyl-4-halo-2-imino-2,5-dihydro-
furans.

The reactivity of nitriles derived fromy-hydroxy- imino-2,5-dihydrofuran hydrohalidesla-lic and
o,B-acetylenic acids toward O-, N-, and S-nucleodlla-llic (Scheme 1; Tables 1, 2).

philes was reviewed in [2]. General synthetic presumably, in the first stage halide ion adds at
approaches to previously unknown polyfunctionakhe triple bond of alkynda—Ic with subsequent fast
heterocyclic compounds were developed, and a basfgr simultaneous) protonation to give intermediate
was created for a new promising field of fine organicadductslv andV. The intramolecular ring closure is
synthesis oriented toward biologically active subdikely to be favored by electrophilic assistance by
stances. However, available information on the reacjioxanium ion (Scheme 2). This scheme is consistent
tions of y-hydroxy-a,B-acetylenic nitriles with with the fact that the most nucleophilic iodide ion
hydrogen halides is very poor. Skvortseval. [3, 4]  (which does not require such assistance) gives up to
reported on the addition of HBr tg-hydroxya,f-  90% of linear primary adducty.

acetylenic nitriles, which was accompanied by intra- The reaction of alkynefa—Ic with HCI is complete

molecular cyclization to afford bromoiminodihydro- ;. 151 (dioxane, 2@C); the same reaction with HI
furan hydrobromides. ' '

In the present work we continued studies on the Scheme 1.

reactivity of y-hydroxy-a,3-acetylenic nitriles toward

hydrogen halides with the goal of elucidating specific , Ili

features of this process and obtaining haloiminodi- If 0%,

hydrofurans as potential biologically active com- R'—C—C=C—CN + [ jng‘

pounds. The 2-oxo-2,5-dihydrofuran fragment related (l)H 0

to the 2-imino-2,5-dihydrofuran structure constitutes la_Ic

a part of a number of naturally occurring molecules,

in particular of ascorbic, penicillic, and tetronic acids. R?
We have found that dioxanium halides generated 0-250c  E 1

by passing gaseous hydrogen chloride (or hydrogen - | o R

iodide) through anhydrous dioxane very readily add . _

to 4-alkyl-4-hydroxy-2-alkynenitrileda-Ic, yielding NH, Hig

82-100% of the corresponding 5,5-dialkyl-4-halo-2- a—TIc, ITTa—IIIc

" T I, R"* = R? = Me (@); R' = Me, R = Et (b); R'R? =

. For communication XXV, seq1]. (CHps (0); I, Hig = CI, R* = R? = Me (a); R = Me,
This study was financially supported by the Russian Founda- R? = Et (b); R'R? = (CH,)s (c); Il , HIig = I, R = R = Me
tion for Basic Research (project no. 96-19-97536). (@; R* = Me, R = Et (b); R'R* = (CH,)5 (0).
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Scheme 2.
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Ila—IIc, Illa—IIlc —~——— C=C=C=NH,
R—c/ "

—C
IV I

I, R" = R? = Me (a); R* = Me, R = Et (b); R'R? = (CH,)s (c); Il , IV, VI, Hig = Cl; R* = R? = Me (a); R* = Me, R = Et (b);
RIR2 = (CH,)g (0); I, V, VII, Hig = I; R* = R = Me (a); R' = Me, R = Et (b); RIR? = (CH,)s (0).

takes 1 h, whereas compountis-Ic failed to react presence of acetic acid (280°C, 2-15 h; cf. [10]) we
with both gaseous HF and its 40% aqueous solutionbtained a mixture containing, according to the IR and
(dioxane, 2025°C, 25 h). The observed reactivity 'H NMR spectra, initial alkynda and 4-hydroxy-3-
series of hydrogen halides coincides with the nucleoiodo-4-methyl-2-pentenenitrilé/@) (Table 3).

philicity series of the corresponding anions> CI” > Our numerous attempts to direct the process toward
F~. This fact indicate that the driving force of the quantitative formation of 4-hydroxy-3-iodo-4-methyl-
process is nucleophilicity of the anion. 2-pentenenitrile {a) by varying the reaction condi-

An analogous pattern was observed previouslyions were unsuccessful. In all cases the reaction
[5-14] while studying the kinetics of nucleophilic mixture contained unchanged alkyne, though its
addition of HCI, HBr, and HI to 2-propynoic acid, conversion ranged from 52 to 81% (Table 3). In the
acetylenedicarboxylic acid, and dimethyl acetylenepresence of dibenzo-18-crown-6 (10 mol % relative
dicarboxylate in aqueous [5] and alcoholic [6, 7] solu-to KI) up to 5% of iminodihydrofuran hydroiodide
tions, chloroform [8], acetonitrile and nitromethanellla was formed in addition to produdta.

[9], dimethylformamide [10, 11], toluene and hexane |minodihydrofuran hydrochloridesla—lic are
[12], and chlorobenzene [12, 13]. It was shown thakglorless crystalline substances, soluble in acetone,
the rate of hydrogen halide addition increases in thg|cohol, and chloroform; they can be stored in
series HCl < HBr< HI [5, 10]. a closed glass vessel without appreciable decomposi-

Haloiminodihydrofurans hydrohalide and IlI tion. Iminodihydrofuran hydroiodidedlla —llic are
were also obtained from alkynésising aqueous solu- crystalline substances, soluble in acetone, alcohol,
tions of hydrogen halides. For example, the reactio®MSO, and chloroform. They turn yellow on storage
of alkynela with 33% hydrochloric acid under reflux at room temperature, and the iodine content decreases,
(3 h) gave 44% of 4-chloro-2-imino-5,5-dimethyl-2,5- presumably due to elimination of HI. The IR and
dihydrofuran hydrochlorideli@). By reaction ofla  NMR spectra of compoundsa-Ilic andllla —Ilic are
with iodide ion generatedn situ from KI in the given in Table 2.

Scheme 3.
R? R?

Hig Hig Hig

| Rl KOH or K,CO3 | R! 7 TCN

(0] O +
R! [, ~OH

*NH, Hlg™ NH R

IIa, ITh, IITa—-IIlc Vla, VIb, VIIa-VIlc IVa,IVb
I, IV, VI, Hig = Cl; R = R* = Me (@); R' = Me, R = Et (b); Ill, VII, Hlg = I; R* = R> = Me (a);

R' = Me, R = Et (b); R'R* = (CH,)s (c).
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Table 1. Yields, melting points, and elemental analyses of 5,5-dialkyl-4-halo-2-imino-2,5-dihydrofuran hydrohalides
lla-llc and llla-lllc and 5,5-dialkyl-2-imino-4-iodo-2,5-dihydrofuranglla and Vlib

Comp. | Yield, Found, % Calculated, %
no. % mp, °C Formula
C H Hig N C H Hig N

lla 100 180-182 | 39.49( 5.01| 38.71| 7.31 CgHgCILNO 39.58| 4.98| 38.95| 7.69
lIb 82 129130 | 43.16| 5.66 | 35.65| 6.93 C;H,,CILNO 42.88| 5.65| 36.16 | 7.14
llc 91 156-158 | 48.73 | 5.51| 31.59| 6.22 CgH;5CILNO 48.66 | 5.91| 31.92| 6.31
lla 98 188-190 | 19.75| 2.34| 69.54| 3.81 CgHgl,NO 19.75| 2.49| 69.55| 3.84
b 82 148-150 | 22.75| 3.42| 66.04| 3.43 C,H441,NO 22.19| 2.93| 66.97| 3.70
lllc 100 170-175 | 27.34| 4.43| 62.08| 3.04 CgH14l,NO 26.69 | 3.24 | 62.67 | 3.45
Vila 78 68-72 31.84| 3.60| 53.58| 5.10 CgHgINO 30.40| 3.40| 53.54| 5.91
Vilb 100 60 34.69| 3.83| 50.28 | 5.32 C,H,INO 33.49| 4.01| 50.55| 5.58

Table 2. IR and 'H NMR spectra of 5,5-dialkyl-4-halo-2-imino-2,5-dihydrofuran hydrohalidis-lic and llla —llic
and 5,5-dialkyl-2-imino-4-iodo-2,5-dihydrofuranglla —Vlic

IH NMR spectrum,s, ppm

C(;(r;”np. IR spectrum (KBr),v, cnrt
' Alk =CH (s, 1H)
lla 1.69 s (6H, 2CH) 7.11 2700-3050, 165061600, 1540, 1520, 1460405, 1370, 1295, 1195,

1140, 1100, 1020, 970, 860, 850, 830, 605, 520
b 2.08 g (2H, CH), 1.66 s 7.15 2700-2950, 1650, 1590, 1540, 1500, 1450, 1410, 1380, 1330, 1240,

(3H, CHy), 0.83 t (3H, 1185, 1160, 1140, 1100, 1050, 1010, 1000, 970, 860, 830, 805,
CHy) 700, 600, 510
llc 1.81 br.s (10H, 5CH 7.09 2700-3050, 1670, 1590, 1440, 1420, 1360, 1270, 1260, 1240, 1200,
1140, 1100, 1070, 970, 940, 890, 860, 840, 600, 570, 560, 500
lla 1.69 s (3H, 2CH) 6.99 2770-3210, 1670, 1570, 1530, 1410, 1370, 1300, 1270, 1260, 1170,
1100, 1040, 960, 940, 910, 850, 810, 790, 700, 690, 660, 580,
560, 470
b 2.08 g (2H, CH), 1.62 s 7.03 2850-3200, 1670, 1570, 1420, 1390, 1350, 1320, 1270, 1230, 1160,
(3H, CHy), 0.76 m (3H 1120, 1080, 1050, 1010, 950, 930, 870, 700, 650, 590, 570
CHy)
lllc 1.77 m (10H, 5CH) 7.02 2900-3230, 1670, 1570, 1550, 1460, 1450, 1410, 1380, 1200, 1150,
1130, 1105, 1060, 970, 960, 940, 800, 860, 810, 740, 705, 670,
580
Vlla |1.46 s (6H, 2CH) 6.54 3360, 3340, 2970, 2910, 1655, 1570, 1540, 1450, 1400, 1370, 1360,

1350, 1330, 1270, 1195, 1130, 1080, 970, 940, 910, 860, 850,
840, 760, 700, 670, 570

Vilb 1819 (2H,CH), 1.42 s 6.55 3310, 3200, 2970, 2920, 1660, 1590, 1460, 1450, 1370, 1350,

(3H, CHy), 0.76 m (3H 1340, 1290, 1200, 1160, 1130, 1100, 1080, 1070, 940, 900, 870,
CHy) 860, 700, 600
Vlilc 1.77 br.d (10H, 5CH) 6.56 3470-3360, 32803180, 2920, 2850, 1650, 1570, 1540, 1450, 1360,

1330, 1280, 1200, 1140, 1120, 1085, 970, 950, 930, 800, 860,
840, 810, 730, 600, 550
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Table 3. Reaction of alkynda with iodide ion: conditions and yields of 2-imino-4-iodo-5,5-dimethyl-2,5-dihydrofuran
(a) and 4-hydroxy-3-iodo-4-methyl-2-pentenenitrily/a)?

RUN Yield,? %
no H,O, ml | Temperature,°C Time, h Conversion, %
' lla Va
1° 0.4 20 8
60 2 - 90 52
2¢ - 55-60 15 - 80 63
3d 0.4 20 5
60 3 - 39 59
4c€ 0.4 55-60 10 5 86 71
5c.€ - 55-60 15 1 40 81
& In all experiments 98% C}OOH was used.
P According to the!H NMR data.
¢ Ratio la:KI = 1:2.
¢ Ratio la:KI = 1:1.
¢ In the presence of dibenzo-18-crown-6.
We showed in [1, 14] that 5,5-dialkyl-4-dialkyl- EXPERIMENTAL

amino(or alkylthio)-2-imino-2,5-dihydrofuran hydro-

chlorides can readily be converted into the corre- The H NMR spectra were obtained on a Jeol
sponding free bases by treatment with potassiurapectrometer (90 MHz) in CDgland CD,OD using
hydroxide (ethanol, 2@5°C, 3-5 h). However, HMDS as internal reference. The IR spectra were
neutralization of iminodihydrofuran hydrochloridds recorded on a Specord 75IR instrument from samples
was not selective. By the action of KOH or,€0; in  prepared as thin films or KBr pellets. The progress
ethanol at room temperature hydrochloridés and of reactions was monitored by TLC on /), using

[Ib underwent partial ring opening. As a result, wechloroform-benzeneethanol (20:4:1) as eluent.
Obta|ned miXtUI’eS COﬂSIStIng Of 3-Ch|0l’0-4-hydroxy- |n|t|a| alkynes |a_|C were Synthes|zed by the
4-methyl-2-alkenenitrilesVa and IVb and 4-chloro-  procedure reported in [15]. Hydrogen halides (HF,
2-iminodihydrofurans/la andVlb (Scheme 3). HCI, and Hl)were prepared as described in [16].

In the IR spectra of the products (film) we observed ¢ 5_pigikyl-4- Aiminn.? E_di
; " ; , yl-4-chloro-4-imino-2,5-dihydrofuran
absorption bands at 3328300 and 1680 cm, which hydrochlorides lla-llc. a. Gaseous HCI was passed

belong to vibrations of theeN—H group. A medium- ; :
, . , ; 1 over a period of 12 h through a solution of 2.5 mmol
intensity band in the region 220P205 cm™ belongs ¢ o kvneja—ic in 5 mi of anhydrous dioxane, stirred

to the cyano group of 3-chloro-2-alkenenitrilééa i 5455 The solvent was removed under reduced
andIVb. The double bond gives rise to absorption aﬁressure and the crystals were washed with dry

3100 and 1630 cm (compoundsVla andVIb) and :
3100 and 1610 cm (IVa and IVb). The IH NmR ~ diethy! ether.

spectrum (CDG)) contained two signals from olefinic ~ P- A mixture of 0.27 g (2.5 mmol) of alkynéa
protons ats 6.22-6.29 and 6.066.13 ppm with @nd 10 ml of 33% hydrochloric acid was heated for

an intensity ratio of about 1:3. These signals corre3 h on a boiling water bath. The solvent was removed
spond to 3-chloro-4-hydroxy-4-methyl-2-alkenenitrilesunder reduced pressure, and the crystals were washed
IVa andIVb and 4-chloro-2-iminodihydrofurangla ~ With diethyl ether to obtain 0.2 g of hydrochloridie .
and VIb, respectively. Protons of the methyl group Neutralization of 4-chloro-2-imino-5,5-dimethyl-
appear as a singlet & 1.45-1.47 ppm. 2,5-dihydrofuran hydrochloride (lla). A solution of
Treatment of hydroiodidesila —Illc with K,CO;  0.45 g (2.5 mmol) of hydrochloridéla in 3 ml of
in ethanol at room temperature (I® h) leads to ethanol was slowly added to a suspension of 0.52 g
formation of 78100% of 5,5-dialkyl-2-imino-4-iodo- (3.8 mmol) of K,CO; or 0.21 g (3.8 mmol) of KOH
2,5-dihydrofuransVlila—-Vllc (Scheme 3). Their in 2 ml of ethanol. The mixture was kept for 3 h at
yields, melting points, elemental analyses, an®0-22°C and was passed through a column charged
spectral parameters are given in Tables 1 and 2. with Al,O5 (eluent chloroformbenzenealcohol,
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20:4:1). The solvent was removed under reducedontaining (according to théH NMR data), 0.12 g
pressure to obtain 0.2 g (55%) of a yellow oily liquid of unreacted alkynda and 0.30 g of 4-hydroxy-3-
containing (according to théH NMR data), 0.15 g iodo-4-methyl-2-pentenenitrileVg). IR spectrum,v,
(41%) of iminodihydrofurarVla and 0.05 g (14%) of cnl: 3420-3480 (OH); 3040 £C—H); 2970, 2930
3-chloro-4-hydroxy-4-methyl-2-pentenenitrildvVa).  (C—H); 2290, 2260 (&C, C=N); 2220 (G=N); 1590
IR spectrum,v, cnl: 3300-3200 (OH, NH), 3110 (C=C); 1450, 1360, 1260 w, 1230 vé C—H); 1170,
(=C-H); 2990, 2940 (CH); 2205 (€N); 1680 1120, 1030 §C-H); 960 §=C-H); 805, 580, 560
(5C=N); 1630, 1610 (&C); 1580, 1470, 1390, 1370, (6C—H); 495 (C-1). 'H NMR spectrum,8, ppm:
1330, 1300 §C—-N); 1200, 1150 (GO-C); 1120 w, 6.73 s (1H,=CH), 1.50 s (6H, 2CH) (Va), 1.56 s
1010 §C—H); 980, 960 w, 930§=C—-H); 870, 830, (6H, 2CH;) (la).
730, 690 § C—H); 600, 530 (G-CI). *H NMR spec- b. A solution of 0.27 g (2.5 mmol) of alkynéa
trum, 8, ppm: 6.06 s (1H=CH) (Vla), 6.22 s (1H, in 5 ml of dioxane was slowly added to a mixture of
=CH) (IVa), 1.47 s (12H, 4CH). 0.86 g (5.2 mmol) of KI, 1.50 g (25 mmol) of acetic
Following a similar procedure, from 0.49 g acid, and 5 ml of dioxane. The mixture was stirred
(2.5 mmol) of hydrochloridellb and 0.52 g for 15 h at 5560°C and was treated as described
(3.8 mmol) of K,CO; in 5 ml of ethanol we obtained above ina to isolate 0.42 g of a mixture containing
0.23 g (58%) of a yellow oily liquid containing 0.10 g of unreacted alkyng& and 0.32 g of com-
(according to the'H NMR data), 0.16 g (40%) of pound Va.
iminodihydrofuranVIb and 0.07 g (18%) of 3-chloro- c. A solution of 0.27 g (25 mm0|) of a|kyndﬁ
4-hydroxy-4-methyl-2-hexenenitrilelMb). IR spec- in 5 m| of dioxane was slowly added to a mixture of
trum, v, cn™: 3300-3200 (OH, NH); 3110 £CH);  0.43 g (2.6 mmol) of KI, 1.50 g (25 mmol) of acetic
2970, 2940, 2870 (CH); 2200 &N); 1680 6C=N);  acid, 0.4 ml of water, and 5 ml of dioxane. The mix-
1630, 1610 (&C); 1560, 1460, 1430 w, 1370, 1330, tyre was stirred for 5 h at room temperature and for
1300 ¢ C—H); 1250, 1180 w, 1140 (€0-C); 1070, 3 h at 5560°C. It was then treated as described above
1060 C—H); 1000, 960, 930, 900 wSEC—H).  to isolate 0.25 g of a mixture containing 0.11 g of
880, 820, 705, 6708(C—H); 610, 530 (G-Cl). "H  ynreacted alkynéa and 0.14 g of compounda.
NMR spectrum,s, ppm: 6.13 s (1H~=CH) (VIb), d. A solution of 0.27 g (2.5 mmol) of alkynéa
6.29 s (1H,=CH) (IVb), 1.80 q (4H, 2CH), 1.45 s, 5 m of dioxane was slowly added to a mixture of
(6H, 2CHy), 082 t (6H, 2CH). 0.86 g (5.2 mmol) of K, 0.19 g (0.5 mmol) of di-
5,5-Dialkyl-2-imino-4-iodo-2,5-dihydrofuran  penzo-18-crown-6, 1.50 g (25 mmol) of acetic acid,
hydroiodides llla-llic. Gaseous HI was passed overg 4 ml| of water, and 5 ml of dioxane. The mixture
a period of 1 h through a stirred solution of 2.5 mmOlwas stirred for 10 h at 5%0°C and was treated as
of alkyne la—ic in 10 ml of dioxane. The mixture described above to isolate 0.48 g of a mixture contain-
was filtered, and the precipitate was washed with dryng 0.08 g of alkynda, 0.37 g of compoun&/a, and
diethyl ether. 0.03 g of compoundila.

5,5-DiaIkyI-ZTimin0-4-i0do-2,5-dihydr0furans e. A solution of 0.27 g (25 mm0|) of a|kyndﬁ
Vila-Vllc. A mixture of 0.5 mmol of compound jn 5 ml of dioxane was slowly added to a mixture of
lla -Illc and 0.7 mmol of KCO; in 3 ml of ethanol .86 g (5.2 mmol) of KI, 0.19 g (0.5 mmol) of di-
was kept for 12 h at 2@25°C. The mixture was then phenzo-18-crown-6, 1.50 g (25 mmol) of acetic acid,
passed through a 5-cm layer of 84 using chloro- and 5 ml of dioxane. The mixture was stirred for
form-benzenealcohol (20:4:1) as eluent. The sol- 15 h at 5560°C and was treated as described above
vent was removed under reduced pressure, and th¢ isolate 0.25 g of a mixture containing 0.05 g of
crystals were washed with diethyl ether. alkynela, 0.19 g of nitrileVa, and 0.01 g of imino-
Reaction of 4-hydroxy-4-methyl-2-pentynenitrile  dihydrofuran hydroiodidellla .
with the system Kl-acetic acid. a. A solution of
0.27 g (2.5 mmol) of alkynda in 5 ml of dioxane REFERENCES
was slowly added to a mixture of 0.86 g (5.2 mmol)
of KI, 1.50 g (25 mmol) of acetic acid, 0.4 ml of 1. Trofimov, B.A., Andriyankova, L.V., Mal'kina, A.G.,
water, and 5 ml of dioxane. The mixture was stirred  Du Li, Owen, N.L., and Afonin, A.V.,Russ. J. Org.
for 8 h at 20-25°C and for 2 h at 5560°C. It was Chem., 2000, vol. 36, no. 3, pp. 42829.
then passed through a 5-cm layer of,@% using 2. Trofimov, B.A., Malkina, A.G., and Skvor-
diethyl ether as eluent. The solvent was removed tsov, Yu.M., Zh. Org. Khim.,1993, vol. 29, no. 6,
under reduced pressure to obtain 0.42 g of a mixture pp. 12681291.
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