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Abstract—The Stevens 3,2 rearrangement of dialkylammonium salts containing, along with 4-penten-2-ynyl,

an alkoxycarbonylmethyl group, gives mostly hydrogenated products, with simultaneous dealkylation and
aldehyde formation. On acid treatment enamine amino esters give keto esters or their further transformation
product, 4-ethyl3-hydroxy-5-methyltetrahydrofuran-2-one.

Earlier we showed that dimethyl- and penta-transfers [8, 9] and 1,5-hydride transfers in acyclic
methylene(methoxycarbonylmethyl)(4-penten-2-ynyl)-compounds [10, 11].
ammonium bromide under the action of ethereal
suspension of sodium alkoxide undergo Stevens 3,2 In the present work we performed a detailed study
rearrangement to provide allenie-dialkylamino  of hydride-transfer reactions in the products of the
esters whose allendiene rearrangement under theStevens 3,2 rearrangement of ammonium salts in-
reaction conditions produces dienic amino esters [igorporating both 4-penten-2-ynyl and alkoxycarbonyl-
2]. It is interesting that a diethyl analog of the methyl groups, with various alkyl groups both at the
above salts under the same conditions give hydrogenammonium nitrogen and in the ester group (séts
ted rearrangement products, with simultaneous elie) under the action of ethereal suspension of sodium
mination of an ethyl group as acetaldehyde [2]. alkoxide (Table 1).

It is known that tertiary amines having anhydro- Hydrogenated reaction products are probably
gen atom are potential donors of hydride ions and arfformed by a scheme, according to which rearrange-
applied for reduction of electrophilic multiple bonds ment productsila-lle undergo 1,5-hydride transfer,
[3, 4]. The key stage of these reactions is imoniunyielding mainly imonium saltdlla —llle . Under the
salt formation either via direct hydride transfer fromreaction conditions, the latter convert to enamines
the amine to the multiple bond or via other routes, thdVa-IVe mixed with amino ester¥a-Ve. Treatment
most probable of which involves charge-transfer comef the reaction mixture immediately after formation
plexes. Intramolecular hydride transfers have alsof Illa -llle with water gives rise to hydrolysis pro-
been reported, viz. in isomerization of carbonium ionglucts, amino ester¥la-Vle and Vlla-Vlle, which
[5-7], as well as transannular 1,3- and 1,5-hydridecan also be formed by aqueous and acid hydrolysis of

Table 1. Hydrogenated products of the Stevens rearrangement of kalte

Starting| Amino | Yield, bp, °C 20 Found, % Calculated, %
salt ester | % (p, mm) " Formula
' C H N C H N
la Via 26 70-72 (3) | 1.4800| 64.92| 9.35| 7.95 | CygH7NO, 65.97| 9.24 | 7.65
Ib Vib 11 98-101 (4)| 1.4762| 66.67 | 9.29 | 6.92 |C;1HgNO, 67.00]| 9.67 | 7.11
Ic Vic 14 | 97-98 (2) | 1.4700| 68.47 | 9.59 | 6.31 |C,H,NO, 68.24 | 9.95| 6.63
Id Vid 12 9899 (7) | 1.4718| 66.35| 9.37 | 6.85|Cy1HgNO, 67.04] 9.64| 7.11
le vie? 10 |112-118 (2) - 64.85 | 9.33 | 6.65|C;5,H,iNO; (88%) | 65.43 | 9.52 | 6.45
+ CyqHiN (12%)
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. . o Found, % Calculated, %
Stg\;tlltng Keto ester Y'(;i d, (rgp,m n(w:) &P Formula
' C H C H
la Vllla 17 87-89 (7) 1.4610 | 61.38 8.0 CgH1503 61.53 7.70
Ib Vllla 26 83-85 (6) 1.4614 - - - - -
Ic Villa 27 80-82 (4) | 14600 | - - - - -
Id Vil ° 19 85-89 (3) - 63.91 8.5 CgH1403 63.53 8.2
le vilb® | 14 84-89 (3) - 63.94 | 84 | GC4HO; | 6353 | 8.2

@ Contains 12% of (4-penten-2-ynyl)dipropylaminlé.Contain 15 and 20% of 2-oxo0-3-vinyl-3-pentenoic acid, respectively.

mixtures oflVa-IVe andVa-Ve. Treatment of mix-
tures of Vla-Vle and Vlla-Vlle with dilute hydro-
chloric acid results in formation of alkylamines and3-hydroxy-5-methyltetrahydrofuran-2-onéXJ.

CHR
CH,C=CCH=CH NC
+ ,LHp 2 32 7 \/H_\
RCH,CH R
(RCHC 2)21;1‘\_CH2X R'CH,ONa/(C,H;),0 CHZCHZN\CHX_$=C=£H}'H
CH=CH, |
Ia—Ie ’ C|)>
Ia-Tle CHR
- CH=CHR ,CH=CHR
95 | RCH,CH,N{ + RCH;CHNS
2N CHX-C=CHCH;, CX=C=Colls
I|{(_6—CH2R' CH=CH, CH=CH,
+;;CH§CHR IVa-Ivd Va-vd
RCH-CHNZ. | ~ . H,0 |-RCH,CHO
CHyC 2N\%HX—$=CHCH3 RCH,CHO| 1 CH=CH, 0 [ret |
~ L |
CH=CIL, C=CHCH; CH=CH,
IMa—Ille b 1,0 |
_R(m)) RCH,CH;NH-CHX —— RCH,CH,;NHCX=CC;,H3
g VIa—VIe VIla-VIle
H+
I/}120

HsC,

H3CI IgH

I-VIl, R=R =H (a; R = CHy, R =

36% HCl

O
IX

CH3—CH=(|?COX + RCH2CH2NH2
C,Hs

VIIIa, VIIIb

keto estersVllla, VIlIIb . When treated with concen-
trated hydrochloric acid, the latter convert to 4-ethyl-

H((b); R=CHs, R=H(c); R=H, R=CHg(d); R=R =CHs (e); VIl ,
R = H (@, CHy (b); X = COOCHR.

A detailed study of the reaction on an example obther components, amino est&a and diethyl(4-
saltla showed that the ether extract after the rearrangpenten-2-ynyl)amine, are-8 and 5%, respectively
ment has been complete contains 87% of amine prdGLC data). Note that the fraction of amida in the

ducts (titrimetric data). The major component of thismixture increases as the reaction temperature and time,
mixture is enamindVa (~73%). The fractions of the as well as the amount of the base are increased.
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Comparison of published [3, 4] and our results led With ethoxycarbonylmethylammonium salt le,
us to conclude that the hydride transfer in the rearthe yields of hydride transfer are rather low, and the
rangement products actually gives imonium sdllts  reaction mixture contains nonhydrogenated 3,2-rear-
which further transform by routa (see scheme). This rangement products. The latter under the reaction

@%Tglruéiogtgglrlggseg?g&tgfe tLiCtretgiti;Le?ngteuTe V\‘,’Jmconditions undergo prototropic isomerization followed
by hydrolysis to convert to estéfc. The fractions of

compoundl sharply decreases the fraction of com- . i .
poundIVa in the mixture and increases the fractionkez0 esterVIilb in the reaction mixtures are 15 and
of compoundVla to 65% (GLC data). 20%, respectively (GLC data).

However, routeb should also not be ruled out,
since treatment of anhydrous reaction residue (after The structure of k_eto eSt.ef"C was proveql by spec-
decantation of the solvent) with water, followed byl methods and, in addition, by the independent
extraction with ether, too, gave compoundi and synthe3|s by rearrangement of (e_thoxycarbo_nylmetyl)-
Vlla, the former much prevailing. Moreover, acetal-dimethyl(4-penten-2-ynyllammonium  bromide X)(
dehyde could be detected as 2,4-dinitrophenylhydrdollowed by hydrolysis of the isomerized rearrange-

zone. ment productXb.

CH=CH, CH=C
(CHg)oNZ CRIC=CER=CR - cg;ona (CHa),N-CH (l.‘,—C—CI-b—>(CH) N C—|C—CH—|_:23H2
¥ CH,COOGHs CH0 O] 9)oN-C=C-CH=
COOGHs COOGH5
X Xa Xb
LN CHiCH=C-CO-COOGHs
CH=CH,
Xc

We also studied the effect of solvent nature andrable 2. Effect of temperature and solvent nature on the
temperature on the vyields of hydrogenated reactiogield of hydrogenated rearrangement products of Halt
products (with saltb as an example; Table 2). It was

found that the overall yield of the hydrogenated pro- Yield, %
ductsVIb, VIIb is only slightly affected by solvent, Solvent Temperature,°C

but in the reaction mixture in DMSO we detected Vib Villa
acetyleneXla (~4%). Its formation can be explained

by the alleneacetylene rearrangement of the Stevens  Benzene 30-32 12 22
rearrangement product under the reaction conditions, 78-80 10 23
which is quite probable in DMSO. Steric factors Ether 30-32 14 23
should also be neglected, since the attack of the base DMSO 30-32 11 22
on the hydrogen atom at a terminal allenic carbon 40-45 9 20

atom in this substrate is more favored sterically thar
on the hydrogen atom at the carbon atom neighboring

to nitrogen. Two factors are worth mentioning. First, theac-
tion and the subsequent distillation of the reaction

C;HsONa ?H_CW products are accompanied by strong tarring, which
Ib SISO (C3H7)2N—(|:H—C:C:Ckb affects th_e ylel_d of the products (_Table 1). Second,
COOCH; the reaction yields~5-12% of amine products of
elimination, the starting dialkyl(4-penten-2-ynyl)-
o CH=CH, amines.
= (CaHt7)oN-CH-CH-C=CH. The structures of the products were proved by IR
COOCH; and 'H NMR spectroscopy and mass spectrometry

Xla (Table 3), and their purity was controlled by GLC.
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Table 3. IR and 'H NMR spectra of compound¥la-Vle, Vllla, VIlib, I1X, Xb , and Xc

Comp.
no.

IR spectrum, cm'

'H NMR spectrum (CG)), 8, ppm @, Hz)

Via

Vib

Vic

vid

Vle

Villa

Vilib

Xb

Xc

920, 1635, 3030, 3090 (CH=GM
975 (CH=CH), 1080 (CN), 1230
(C-0), 1735 (C=0), 3340 (NH)
930, 1610, 1640, 3020, 30
(CH=CH,), 970 (CH=CH), 107(
(C-N), 1225 (G-0), 1740 (C=0)
3345, 3465 (NH)

920, 990, 1615, 1645, 30¢
(CH=CH,), 1080 (GN), 1740
(C=0), 2130 (&C), 3340, 347(
(NH)

790, 850, 1660 (C=CH), 91
1620, 3085 (CH=Ch), 1100
(C-N), 1220 (G-O), 1745, 175t
(C=0), 1490, 3375, 3490 (NH
980, 1685 (CH=CH), 1640, 30
(CH=CH,), 1730, 1740 (C=O
1275 (G-0), 1470, 3355, 347
(NH)

820, 1635, 3060, 1675 (C=Q
1125, 1245, 1730 (COO)
820, 1635, 3060, 1670 (C=Q
1125, 1240, 1730 (COO)
1250 (G-0), 1620 (C=C), 173
(C=0), 31003500 (OH)

920, 975, 1575, 1605, 3030, 30
1070, 1240, 1715 (COO)
820, 920, 975, 1630, 1635, 303
3090, 1675 (C=0), 1120, 124
1735 (COO)

1.02 t (3H, CHCHy), 1.53 m (1H, NH), 1.75 d (3H, C4C=), 2.50 q (2H,
CH,CHa, J 7.4), 3.59 s (3H, CHD), 4.30 s (1H, NCH), 4.75.4 m (2H, CH=),
574 m (1H, CHCH=, J 17.3), 6.10 m (1H, CH=J, 4, 12.0, J, 11.5)
)0.89 t (3H, CHCH,CHj), 1.09-1.69 m (2H, CHCH,CH,), 1.53 m (1H, NH),
1.78 d (3H, CHC=), 2.42 q (2H, CHC,Hs, J 7.4), 3.64 s (3H, CHD), 4.24 s
(1H, NCH), 4.91 d (1H, CB=CH, J 10.7), 5.36 d (1H, CHECH, Jyans
17.3), 5.80 m (1H, CHCH=, J 21.3), 6.16 m (1H, ChL=CH)
)0.60-1.00 m (3H, CHCH,), 1.01-1.53 m (4H, CHCH,CH,), 1.46 s (1H, NH),
1.69 d (3H, CHC=,J 8.0), 2.162.51 m (2H, CHC3H,), 3.55 s (3H, CHO),
4.17 s (1H, NCH), 4.75 d (1H, Cj#CH, J 11.3), 5.17 d (1H, CH=CH,
Jyans 17.3), 5.65 m (1H, CHCH=, J 22.6), 6.06 m (1H, Ch=CH)
D1.07 t (3H, CHCHj, J 8.0), 1.20 t (3H, OCHCHa, J 8.0), 1.69 s (1H, NH),
1.87 d (3H, CHC=,J 6.6), 2.60 q (2H, CHCHj), 4.36 s (1H, NCH), 4.98 d
5(1H, CH,=CH, J s 12.0), 5.41 d (1H, CHECH, J,,0s 16.6), 5.88 q (1H,
ICH,CH=, J 22.0), 6.22 q (1H, ChKECH)

5.95 m (3H, CHCHy), 1.08-1.66 m (3H, CHCHsand NH), 1.17 t (3H, OCHCH,
J 8.0), 1.75 d (3H, CHC=, J 8.0), 2.40 m (2H, CHC,Hg), 4.17 q (2H,
[OCH,CHy), 4.28 s (1H, NH), 4.92 d (1H, Cj#CH, J 12.0), 5.35 d (1H,
CH,=CH, J,;,s 17.0), 5.90 m (1H, CKCH=, J 22.6), 6.26 m (1H, Ck=CH)
.94 t (3H, CHCHj), 1.92 d (3H, CHC=,J 8.0), 2.28 q (2H, CHCHj, J 7.8),
3.77 s (3H, OCH), 6.58 m (1H, CH=J 6.7)

.93 t and 0.95 t (3H, CKCHy), 1.92 d (3H, CHC=,J8.0), 2.29 g (2H, CHCH;
J 7.8), 4.01 q (2H, OCH), 6.60 m (1H, CH=,J 6.7)

D1.17 t (3H, CHCHs, J 8.0), 1.44 d (3H, CHCH, J 6.7), 1.822.80 m (2H,
CH,CHy), 4.99 m (1H, CHCH), 7.58 s (1H, OH)

am95 t (3H, CHCHy), 2.37 s (6H, NCH), 4.08 q (2H, OCH, J 7.35), 4.8
56 m (4H, CH=), 6.67.5 m (2H, CH=,J, . 18.0, Jys 11.5)

0,97 t (3H, CHCHy), 1.96 d (3H, CHC=, J 8.0), 4.09 q (2H, OCH| J 7.35),
(5.0-5.8 m (2H, CH=), 6.0-6.95 m (2H, CH=)

EXPERIMENTAL tional 20 min, and ether and water were then added.

The organic layer was separated, and the aqueous
The IR spectra were obtained in thin film on UR-|ayer was extracted with ether ¥30 ml). The com-

20 and Specord IR-75 spectrometers. TeNMR  bined extract was acidified with 2.5 N HCI. Nonamine

spectra were measured on a Perkin-Elmer R-12Bsaction products were extracted with ethex (® ml),

spectrometer at 60 MHz (in Cg/lreference TMS). gried with magnesium sulfate, and the solvent was

The mass spectra were obtained on an MKN-132Qh5 ed. In the ether extract, aldehyde was identified

spectrometer with direct inlet, ionizing energy 70 eV. Aini il At
Gas chromatography was performed on an LKhMES 2,4-dinitrophenylhydrazone. Vacuum distillation

8MD instrument, detector katharometer (column?r?gfe dkS\E?[h esgfar:\é”&éog)heanrdezﬁ%l :s;lcc:ilf) i V\g?
2000x3 mm, 5% OV-17 on Chromaton N-Super P ’ P

carrier gas helium, rate 6@nl/min, 175-200°C). "ducts were extracted with etherX30 ml), dried with
magnesium sulfate, and the solvent was removed.
General procedure of the rearrangementa. Toa Amino estersVl were isolated by vacuum distillation.
suspension of 0.03 mol of sala—le in 20 ml of The results are listed in Table 1. In the ether extracts
absolute ether we added sodium alkoxide obtainely GLC we identified dialkyl(4-penten-2-ynyl)amines.
from 0.06 mol of sodium. After heat evolution had The '"H NMR and IR spectra of compoundd and
been complete, the mixture was refluxed for an addivIll are given in Table 3.
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b. To a suspension of 0.03 mol of sdi-le in Reaction of (ethoxycarbonylmethyl)diethyl(4-
20 ml of a solvent we added sodium alkoxide ob-penten-2-ynyl)ammonium chloride (Id) with
tained from 0.06 mol of sodium. After heat releasesodium ethoxide.To a suspension of 31.3 g of s#it
had been complete, the mixture was kept at a spedn 50 ml of ether we added sodium ethoxide obtained
fied temperature for 280 min, cooled, the organic from 5.5 g of sodium. The organic layer contained
layer was separated (except for DMSO which wagour compounds, prevailing being compourdd
fully removed by distillation), and the solid residue (62%) whose hydrolysis yielded ethyl 2-ethylamino-3-
was washed with absolute etherx(BO ml). The sol- vinyl-3-pentenoate\(Id). Further treatment according
vent was removed in a vacuum, first at-%0 mm to procedurea gave (1) 5.1 g (21%) of amino ester
and then at 4 mm. The residue was examined by GL®Id; (2) 2.8 g of a mixture of keto estehllld and
andH NMR and IR spectroscopy, after which it was Xc (85:15), bp 858%°C (3 mm), 11% of diethyl(4-
acidified with 2.5 N HCI. Further treatment was per-penten-2-ynyl)amine, and 16% of ethylamine (GLC).
formed as described in procedweThe solid reaction
residue was treated with water, extracted with etheé
(3x10 ml), dried with magnesium sulfate, and the
solvent was removed in a vacuum first at-80 mm

Reaction of (methoxycarbonylmethyl)(4-penten-
-ynyl)dipropylammonium bromide (Ib) with
sodium methoxide in benzeneA mixture of 10.2 g

. ; T of saltlb, sodium methoxide (obtained from 1.5 g of
and then at 4 mm. The residue was identified by GI‘CSOdium), and 20 ml of absolute benzene was refluxed

using as reference the sample obtained by proceﬂurefor 30 min. Further treatment according to procedure

Reaction of dibutyl(methoxycarbonylmethyl)- b gave (1) 0.65 g (10%) of methyl 2-propylamino-3-
(4-penten-2-ynyllammonium bromide (Ic) with  vinyl-3-pentenoate\(Ib); (2) 1.2 g (23%) of 3-ethyl-
sodium methoxide. According to procedure, from  2-oxo-3-pentenoateV(lla ); and (3) 0.34 g (4%) of
11.8 g of saltic, 1.6 g of sodium, and 20 ml of ether propionaldehyde  2,4-dinitrophenylhydrazone, mp
we obtained (1) 0.45 g of butyraldehyde 2,4-dinitro-140-141°C (ethanol). By GLC, 7% of (4-penten-2-
phenylhydrazone as needle-like crystals, mp -120ynyl)dipropylamine and 16% of propylamine were
122°C (ethanol), mass spectrumyz [M]™ 252; also found.

2) 2.7 g of crude methyl 3-ethyl-2-ox0-3-pentenoate .
EV)IIIa) ?:ontaminated W?;h~3% )(;f methyl g-oxo-3- Rearrangement of (ethoxycarbonylmethyldi-
vinyl-3-pentenoate: identified by GLC using authenticethyl(4-penten-2-ynyl)ammonium bromide (X).

. dictillafi 0 To 12.4 g of saltX in 20 ml of absolute ether we
Zggp\llelfla[z']’aglds tl(léa)ltlgl %a\(/)? gfjdg (nﬁgtﬁy/lo )Z?gul:;t_oadded sodium ethoxide obtained from 2.1 g of sodium.

S 2 inyla. After heat release had been complete, the mixture was
amino-3-vinyl 3 pentgnoateV(c). _ refluxed for 20 min, and then ether and water were

Repeated distillation gave 1.2 g (14%) of aminOyqged. The organic layer was separated, and the re-
esterVic which, according to GLC and IR spectral gique was extracted with ether. The ether extracts
data, containeé3% of the alleneacetylene rearrange- \yere dried with magnesium sulfate and distilled to
ment productXIb (weak absorption at 2130 €M,  ohtain 4.35 g (67%) of ethyl 2-dimethylamino-3-vinyl-
5% of dlbutyl(4-penten-2-ynyl)am|ne|V(* 211), and 2,3-pentadienoateXp), bp 9394°C (5 mm), nZ°
19% of butylamine. 1.5193. Found, %: C 68.18; H 8.97; N 6.88,,8,,-

Reaction of (methoxycarbonylmethyl)(4-penten- NO,. Calculated, %: C 67.77; H 8.72; N 7.18.
2-ynyl)dipropylammonium bromide (Ib) with
sodium methoxide. According to procedurd, from
11.3 g of saltlb, 1.6 g of sodium, and 20 ml of ether

Acid hydrolysis of ethyl 2-dimethylamino-3-
vinyl-2,4-pentadienoate (Xb). To 3.9 g of amino

. . esterXb in 12 ml of absolute ether we added equi-
we obtained 7.24 g of a mixture of four ComloounOIS"molar amount of 1.5 N HCI. The mixture was stirred

the major' beindVb (85%). Hyodrolysis Wi.th hydro- for 45 min. The ether layer was separated, and the
Ch|OI’I'C .aC'd gave (1) 0.48 g (7%) of p(fOp'onaldehydeaqueous layer was extracted with two portions of ether.
2,4-dinitrophenylhydrazone, mp 14D41°C (ethanol),

' + ) The ether extracts were dried with magnesium sulfate
mass spectrumyvz [M]" 238; (2) 1.3 g of keto ester ,  gisiilled to obtain 2.4 g (70%) of ethyl 2-ox0-3-
Villa 5 2,4-dinitrophenylhydrazone, mp 886°C vinyl-3-pentenoate Xc), bp 98-100°C (8 mm), nZ’
(ethanol), mass spectrumyz [M]* 336; (3) 0.75 ¢ ’ g

(11%) of methyl 2-propylamino-3-vinyl-3-pentenoateil'ﬁ';fe%‘ 'f;u”g 602 Zg- 6:-677'14"' 7.434;,0,. Cal-
(VIb), mass spectrumyvz [M]* 197; as well as 9% 7 9 i

of (4-penten2-ynyl)dipropylamine and 13% of propyl- 4-Ethyl-3-hydroxy-5-methyltetrahydrofuran-2-
amine (GLC). From the solid reaction residue, 0.39 gne (IX). To 3.2 g of methyl 3-ethyl-2-oxo-3-pente-
of a mixture was isolated, containing four major com-noate ¥llla ) was added with stirring 2.2 ml of 36%
ponents, amino esteYIb prevailing ¢70%). HCI. The mixture was heated for 2.5 h at-B0°C
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and then extracted with three portions of ether. The
ether extracts were dried with magnesium sulfate and
distilled to obtain 1.6 g (56%) of 4-ethyl-3-hydroxy-
5-methyltetrahydrofuran-2-onelX), bp 129-130°C 5.

(10
3.4
2.2

mm),n2° 1.4898 (Table 3). In a similar way, from

g of etﬂyl 3-ethyl-2-0x0-3-pentenoatélilb ) and
ml of 36% HCI| we obtained 1.4 g (49%) of

butenolide IX.
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