SYNTHESIS AND REGIOSELECTIVITY OF THE [3,3]-SIGMATROPIC REARRANGEMENT
OF SUBSTITUTED 2-ALLYLTHIO- AND 2-ALLYLSELENO-1,4-DIHYDROPYRIDINES
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The reaction of 3-cyano-1l,4-dihydropyridine-2-thiolates and the corresponding
selenolates with allyl bromide gave 2-allylthio- and 2-allylseleno-3-cyano-1,4-
dihydropyridines, which, upon heating in various solvents or in the solid state,
undergo [3,3]-sigmatropic rearrangement to give 3-cyano-3-allyl-1,2,3,4-
tetrahydropyridine-2-thiones and the corresponding selenones. The resultant
pyridinethiones are alkylated by alkyl halides at the sulfur atom and are oxi-
dized by iodine to give disulfides.

{3,3])-Sigmatropic rearrangements for allylthiopyridines have been studied in consid-
erable detail [1, 2]. These reactions usually proceed at high temperature over a prolonged
period using a catalyst and are not regioselective [1l-4]. In contrast, there is no infor-
mation available on sigmatropic rearrangements for hydrogenated allylthio- and allylseleno-
pyridines as a consequence of the relative inavailability of hydrogenated sulfur- and se-
lenium-containing pyridines. While methods have recently been developed for preparing
pyridine-2-thiolates [5-8], the methods for synthesizing their selenium analogs have not
been studied extensively [8]. In order to study the sigmatropic rearrangement and estab-
lish its regioselectivity, we developed a method for preparing hydrogenated pyridine-2-se-
lenolates and pyridyl-2-selenols. The reaction of ethyl arylmethyleneacetocacetates (I) and
cyanoacetamide (II) in the presence of excess 4-methylmorpholine gave 1,4-dihydropyridine-
2-selenolates (IIIa) and (IIIb). This reaction proceeds regioselectively in absolute etha-
nol under argon under mild conditions at 25°C in 68-79% yield.
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(I). (111), (IV):R1=CeHg(a); 2-GH;0 (b); B = s-methylmorpholine.

Acidification of salts (III) by the addition of dilute hydrochloric acid in ethanol
gave the corresponding selenols (IV). The formation of (IV) as a selenol was indicated by
IR and PMR spectroscopy. Thus, the PMR spectra of (IV) show singlets for NH (9.5 ppm) and
C‘~H protons (4.4 ppm) of 1,4-dihydropyridine in addition to the characteristic signals of
the substituent protons. The IR spectra of these compounds contain the stretching band for
a conjugated nitrile group at 2205 cm!. If a substituted 3,4-dihydropyridine-2(1H)-se-
lenone were formed, the IR and PMR spectra would be different. The existence of the hydro-
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TABLE 1. Physicochemical and Elemental Analysis Data of
2-Allylthic- and 2-Allylseleno-4-aryl-3-cyano-1,4-dihy-
dropyridines (VIa)-(VIf) and 3-Allyl-4-aryl-3-cyano-
1,2,3,;4-tetrahydropyridine-2- thiones and 2- selenones
(VIIa) (VIIf)

Found ) %
Com~ |Yield, Mp, °C Calculated Chemical
pound % ? formula
. [ H N Y
(Via) | 61 249-250 72,46 | 6,48 | 825 | 9.00 | CoyHoN08
71,97 | 633 | 7,99 | 915
(VIb) | 70 243245 | 5871 | 472 | 6.02 699 | CpyHyyBrN,0S
‘ 5874 | 493 | 652 | 7,47
(Vie) | 93 127-128 . 6248 | 469 | 7.90 | 9.02 | CisHyCIN,0S
' (benzene—hexane) |6269 | 497 | 812 | 930 | .
(Vid) | 24 86-87 66,81 6,37 8,01 | 9,57 | Cis1l50N20,5
(chlorofornrhexane) 67,03 592 | 7823 942
(Vie) | 85 7880 5890 1 525 | 7.25 | 20,33 | CisHzoN20,Se
5892 | 520 | 7,23 2038
(VIf) | 80 74-76 5408 | 4,79 | 7.44 | 20,97 | C;HisN:04Se
‘ 5412 | 4,81 | 742 /20,93 .
(VIIa) | 98 *(a) 248 7240 | 620 | 7,45 | 8,90 | CoiHzN:08
‘ {(methanol) 71,97 | 6,33 709 | 9,15
(VIIb) | 98 *(a) 241-243 58,62 | 4,87 | 6.35 | 7.8 | CoyHayBrNo0S
9% *®b)-| . - (methanol) 58,74 | 4,93 | 652 | 147
(Viic) | 67 132~134 62,81 | 5.8 | 7,92 | 9,75 | Cys11;:CIN,0S
(benzene—hexane)| ‘6269 | 4,97 | 8,42 | 9,30 |
(VIId) | 10 *(a) 177-178 66,71 | 635 | 825 | 894 | CyoH2oN20,8
98 *(b) | (benzene—hexane) |767,03 | 502 | 8.23 | 9,42 _
(VIIe) | 90 158-160 58,88 | 522 | 7.21 | 20,42 | CyoH2oNz0,Se
(benzene) 5892 | 520 | 7,23 | 20,38
(viIg) | 92 203-205 5416 | 483 | 7.40 | 20,89 | C,sHsNz05Se
(methanol) |54 | 7481 | 7,42 | 20,03

*The method of preparation is indicated in parentheses
(see Experimental Sec.).

genated selenium-containing pyridines in a single tautomeric form (1,4-dihydropyridine-2-
selenol) distinguishes these compounds from their sulfur analogs, which exist predominantly
as 3,4-dihydropyridine-2(1H)-thiones or a mixture of these thiones with the corresponding
pyridine-2-thiones [8].

2-Allylthio- and 2-allylseleno-1,4-dihydropyridines (VIa)-(VIf) were obtained in high
yield by the reaction of 1,4-dihydropyridine-2-selenolate (IIla) and (IIIb) or 1,4-dihydro-
pyridine-2-thiolate salts (Va)-(Vd) and allyl bromide in ethanol at 25°C (Table 1). The
reaction proceeds with high regioselectivity relative to the sulfur or selenium atom with a
61-93% yield of (VI). This regioselectivity is probably related to the redistribution of
electron density in starting reagents (III) and (V), localization of negative. charge on the
sulfur or selenium atom, and realization of an' Sy2 mechanism. The localization of excess
electron density on the sulfur atom in morpholinium 5-acetyl-6-methyl-4- (2- nitrophenyl)-3-
cyano-1,4-dihydropyridine-2-thiolate has been observed, whith is 'in good accord with the
phy51cochem1cal and x-ray diffraction structural analysls data and the reactivity of this
thiolate [{9]. (See scheme on following page.) ’ '

Upon heating, 1,4-dihydropyridines (VIa)-(VIf) in various solvents or in the solid
state are all converted with high regioselectivity into 3-allyl-4-aryl-3-cyano-1,2,3 4-tet-
rahydropyridine-2-thiones or their corresponding selenones (VIIa)-(VIIf). Selenium deriva-
tives (VIe) and (VIf) undergo the rearrangement with especial readiness. Upon recrystal-
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TABLE 2. IR and PMR Spectral Data for 2-Allylthio- and 2-
Allylseleno-4-aryl-3-cyano-1,4-dihydropyridines (VIa)-(VIf)
and 3-Allyl-4-aryl-3-cyano-1,2,3,4-tetrahydropyridine-2-thi-
ones and 2-selenones (VIla)-(VIIf)

v. cm* 5, ppm
Com-

pound ox co ?23 %23 ?é% other signals

S

(Via) 2205 | 1610 | 949 4.49 | 3,67 | 094s (3H, CHj), 1,02 s (3H, CHj), 241 ™
(2H, CHy), 2,47 m (2H, CH,), 5,08-5.17m
(2H, CH,=), 5,78 m (i1H, CH=), 7.2{m
(5H, CeHs)
(VIb) 2203 | 1621 974 448 | 3,60 | 091s (3H, Cl.), 1.01 s (3H, Cll), 212m
(21, Clly), 244 m (2H. ClL,), 541 m (2H,
CH,=), 5,76 m ({H, CH=), 7,11 4d,7.51d
(Vic) 29200 | 1608 | 9,491 4,66 | 3,60 (4H, 4-BrGelly), 2,06 s (3II. CHLCOY,
231 s (31, CHy), 495 m (11, CH.=),
502m (1. CH.,=). 564 m (III, CH=
746 4. 7.40d (41, 4-CICeH3)
(V1d) 2204 | 1676 | 9,45 | 448 | 376 | 1,05t (3H, CH.CHy), 232s (3H. CHy),
396 q (21, CHiCH,), 497 m (1H.
CHy=-;, 5,45 m (1. Cll:=), 573 m ({H,
! CH=), 7.27 m (511, CeHx)
(IVe) 2202 ] 16751 943 | 450 { 3,72 | 1.08 t (3, CH:CH.), 233s (3H. CH.).
! 396 q (2, CH,CH,), 49 m (2H,
Cll,=). 584 (1H. CH=). 7.26 = (5IL
Cellny
2205 1 1669 | 8.80 ) 5,17 | 3.96 1.20 £ (3H, CH:CH,), 240s (3. CH.).
5.0(? m (21, CH,=). 585 m (1H, CH=),
‘ 6,25 my,6.90m, 735m (3, C.Ha)
(Vila) | 22651 1638 | 12,36 | 442 | - 095 s (3H, L”q) 1,06 s (3H, CH.), 2.22m
| . (’H Cliy), "6()m (411, Cll,, CH—CH =),
] %m (1H, CH.=), 5.30 m (1H, Cil,=),
m (5H, Gl 3
s (3H, Cl4), 1.06 s (3U, CHy). 2.24m
). 2.59m (41, CH,, CH.~CH=),
(’” CH.=), 585 m (i, CH=),
,7.03 d (4H. 4—BrCaH }
(JH CH.CO), 238 s (3H. CH.).
(2H, CH.,-CH=), 523 m (2H,
586 m ({l, CH=), 718d,/ 41 d
ClC H.)
(3H. CHiCH.); 245s (3H. CiL).
(@l, Cl,—CH= ) 404 0 (2H.
ClL), 5.27m (21, Cll,=). 5,90m (111

(VIf)
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Y = Se (e R 2 cmao R? = Catl;0, R? = Cly, Y = Se ().

lization from benzene, these compounds are almost completely converted into selenones
(Vile) and (VIIf) in 90-92% yields. The regioselectivity of this reaction is determined by
comparing the physicochemical indices of starting (VI) and reaction products (VII).
Derivatives (VIa)-(VIf) and (VIIa)-(VIIf) were clearly identified by the nitrile
group band in their IR spectra (Table 2). 1,4-Dihydropyridines (VIa)-(VIf) have a strong
band for a conjugated nitrile group at 2200-2205 cm!. This band is diminished and shifted
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to 2248-2266 cm™!, characteristic for nonconjugated nitrile groups, upon migration of the
allyl group to C® in the pyridine ring.

The PMR signals for the C*H, NH, and YCH, protons are diagnostic (see Table 2). Thus,
the signal for C°H in allylthio- and allylselenopyridines (Vla)-(VIf) is found at § 4.48-
5.17 ppm, which is characteristic for 1,4-dihydropyridines [10], is shifted to 4.02-4.20
ppm after the rearrangement. The NH group protons in (VIa)-(VIf) have signals at 8.8-9.49
ppm, characteristic for the analogous protons of 1,4-dihydropyridines [10]. After the
rearrangement, the NH group proton signals are shifted to 6§ 12.14-12.90 ppm, which is char-
acteristic for 3,4-dihydropyridine-2(1H)-thiones [11]. The CH,S and CH,Se group protons are
seen as multiplets at 3.66-3.76 and 3.72-3.96 ppm, respectively, which is characteristic
for the signals of the a-protons of the allylthio and allylseleno substituents (12, 13].
. In order to study the allyl rearrangement in the case of (VIb), we carried out this
reaction in DMSO-d; in an NMR tube at 100°C. Upon heating this solution of (VIb), NMR
signals arise for the protons of the rearrangement (VIIb), whose intensity increases with the
concurrent decrease in the signals of the starting reagent. After 5 min of heating, only the
signals for rearrangement product (VIIb) are observed. NMR signals for compounds other than
(VIb) and (VIIb) were not detected during the experiment. This indicates the lack of long-
lived intermediates. The available data on the Claisen arrangement [1l, 2] and our present
results suggest that this reaction proceeds synchronously with the formation of
intramolecular six-membered transition state (VIII),

In order to support this hypothesis, we synthesized a cyclic analog of allyl deriva-
tives (Va) and (Vb), namely, 3-cyano-2-(2-cyclohexen-l-ylthio)-1,4,5,6,7,8-hexahydroquino-
line (IX).

SIS * 750)
Q00,00 ==

(Va) (1X) (X)

Rearrangement of the cyclohexyl fragment was not observed upon heating (IX) in etha-
nol and DMSO or without solvent. The formation of (X) was also not detected in a deriva-
tographic study. This failure may serve to support the hypothesis of an intramolecular
rearrangement.

The rearrangement proceeds upon heating 2-allylthioquinolines (VIa) and (VIb) in the
absence of solvent without melting. The melting points of products (VIIa) and (VIIb) are
detected instead of the melting points of starting (IVa) and (IVb) (see Table 1). A deriv-
atographic study of the solid phase reaction was carried out. The rearrangement of (Via)
to (VIla) proceeds with energy evolution at 98-136°C, while the rearrangement from (VIb) to
(VIIb) proceeds with energy evolution at 133-163°C. Both compounds subsequently melt at
temperatures characteristic for rearrangement products (VIIa) and (VIIb) and decompose with
the evolution of energy and gaseous products. It is interesting that the rearrangement
does not take place upon heating (VIc)-(VIf) up to the melting point; these compounds melt
with decomposition and the evolution of gaseous products. The solid phase rearrangement of
(Vid) was carried out by the prolonged heating of a sample at constant 65°C.

The chemical properties of the rearrangement products were studied for (VIIb). Simi-
lar to pyridinethiones (8, 12], (VIIb) reacts with phenacyl bromide in KOH/DMF with the
formation of 2-phenacyl derivative (XI) and is oxidized by iodine in alkaline ethanol to
give disulfide (XII).

1678



Q NG

x CN \ : | CN
\I/\/ I. N /\l/\/ CoH.COCH,Br
><I/\ KOH/CH,0H )K A KOB/DMF
N S
4 B
X1I (VIIb)
Br
{
/
.U
I i CN

— 0

N SCHCOCsHs
(X1)

. The structures of (XI) and (XII) were supported by physicochemical and elemental
analysis data (see Experimental Sec.).

We carried out the reaction of 5,6,7,8-tetrahydroquinoline-2(1H)-thione (XII1) with
allyl bromide in KOH/DMF in order to compare the properties of l-allylthio-1,4-dihydropyri-
dines with the properties of the dehydrogenated analogs.
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We have already shown that pyridine-2(1H)-thiones are alkylated only at the sulfur
atom [12], although quinoline-2(1H)-thiones react with the analogous reagents to form N-
allylquinoline-2-thiones [14]. We have established that (XIII) forms only 2-allylithio
derivatives (XIV) in 70% yield. This compound does not underge a thermal rearrangement
analogous to that studied by Litvinova [4].

EXPERIMENTAL

The IR spectra were taken on a UR-20 spectrometer in vaseline mull. The PMR spectra
were taken on the Bruker WP-100 spectrometer at 100 MHz in DMSO-dg with TMS as the internal
standard. The purity of the products was carried out by thin-layer chromatography on Silu-
fol UV-254 plates using 3:5 2-butanone-hexane as the eluent. The spots were developed with
iodine vapor.

4-Methylmorpholinium 6-Methyl-4-phenyl-3-cyano-5-ethoxycarbonyl-1.4-dihydropyridine-
2-selenolate (IT7Ia). A mixture of 0.0l mole ethyl benzylideneacetoacetate (Ia), 0.0l mole
cyanoselenoacetamide (II), and 0.8 ml 4-methylmorpholine was stirred under argon in 15 ml
ethanol at 25°C until selenamide (II) was dissolved and then rapidly filtered. The fil-
trate was maintained for 24 h. The precipitate was separated and washed with ethanol and
hexane to give (IIla) in 79% yield, mp 124-126°C (dec.). IR spectrum (v, cm™t): 2180 (CN),
1665 (CO). PMR spectrum (5, ppm): 8.39 s (1lH, NH), 7.22-7.40 m (5H, CgHg), 4.28 s (1H,
CH), 3.92 q (2H, CH,CH3), 3.76 m (4H, CH,OCH,), 3.14 m (4H, CH,NCH,), 2.75 s (3H, CH3N),
2.33 s (3H, CH;), 1.05 t (3H, CH,CH,). Found: C, 56.19; H, 6.19; N, 9.40; Se, 17.47%.
Calculated for C,,H,,N;0,Se: C, 56.25; H, 6.07; N, 9.37; Se, 17.61%.

4-Methylmorpholinium 6-methyl-4-(2-furyl)-3-cyano-5-ethoxvearbonyl-1.4-dihydropyri-
dine-2-selenolate (I11b) was obtained in 68% yield analogously to (IIlla), mp 120-122°C
(dec.). IR spectrum (v, cm’!): 2185 (CN), 1680 (CO). PMR spectrum (§, ppm): 8.64 s (1H,
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NH), 7.45m, 6.29 m, 5.87 m (3H, C.H;0), 4.45 s (1H, C*H), 3.97 q (2H, CH,CHz), 3.74 m (&4H,
CH,0CH,), 3.00 (4H, CH,NCH,), 2.67 s (3H, NCH;), 2.22 s (3H, CHy), 1.10 t© (3H, CH,;CH;).
Found: G, 52.12; H, 5.82; N, 9.44; Se, 17.87%. Calculated for C gH,;N,0,Se: C, 52.05; H,
5.74; N, 9.58; Se, 18.01s.

6-Methyl-4-phenvl-3-cyano-5-ethoxycarbonvl-1,4-dihvdropyridine-2-selenol (IVa). A
suspension of 5.6 mmoles selenolate (IIIa) in 15 ml ethanol was diluted by the addition of
5 ml 10% hydrochloric acid with stirring under argon. The mixture was filtered. The pre-
cipitate which separated after 0.5 h was filtered and washed with ethanol and hexane tc
give (IVa) in 89% yield, mp 113-115°C (dec.). IR spectrum (v, em'}): 2205 (CN), 1695 (CO).
PMR spectrum (6§, ppm): 9.53 s (1H, NH), 7.4-7.9 m (5H, CgHs), 4.47 s (1H, C*H), 3.93 q (2H,
CH,CH;), 2.27 s (3H, CHy), 1.06 t (3H, CH,CH,). Found: C, 55.21; H, 4.50; N, 8.01; Se,
22.33%. Calculated for C,gH,N,0,Se: C, 55.34; H, 4.64; N, 8.07; Se, 22.74%.

6-Methyl-4-(2-furyl)-3-cyano-5-ethoxycarbonyl-1 4-dihvdropyridine-2-selencl (IVb) was
obtained in 60% yield analogously to (IVa), mp 97-98°C. IR spectrum (v, cm?): 2205 (CN),
1700 (CO). PMR spectrum (6, ppm): 9.81 s (1H, NH), 7.51 m, 6.34 m, 6.04 m (3H, CH,0), 4.46
q (1H, C*H), 4.03 q (2H, CH,CH,), 2.29 s (3H, CH;), 1.14 t (3H, CH,CH,). Found: C, 49.76; H,
4.28; N, 8.38; Se, 23.49%. Calculated for C,H,N,0,Se: C, 49.86; H, 4.18; N, 8.31; Se,
23.41%,

2-Allylthio-4-aryl-3-cyano-1.4-dihydropyridines (VIa)-(VId) (see Tables 1 and 2). A
sample of 24 mmoles allyl bromide was added to a suspension of 20 mmoles pyridylthiolate
(Va)-(Vd) in 40 ml ethanol and stirred for 3-5 h. The precipitate was filtered off and
washed with ethanol and hexane. The filtrate with the wash ethanol was diluted with 100 ml
water. The precipitate was again filtered off to give (VIa)-(VIc). Product (VId) was
isolated by diluting the reaction mixture with 100 ml water and adding 10% hydrochloric
acid to pH 2 and was maintained for 3 h. The solution was decanted from the tarry residue.
The precipitate was washed with water, dried in the air, and heated at reflux in 1:5 chlo-
roform~hexane. The hot mixture was filtered. A precipitate of (VId) separated from the
filtrate upon cooling.

0-4- 1-3-cvano-1.4-dihydropyridine (Vie, f)(see Tables 1 and 2). To a
suspension of 0.9 mmole selenolate (IIIa, b) in 10 ml ethanol, cooled to —=10°C and stirred
in an argon atmosphere, was added 0.9 mmole allylbromide. Stirring was continued for 20
min. Then the reaction mixture was diluted with 10 ml water and a precipitate was isolated
which was washed with water and cooled to -10°C with ethanol and hexane.

3-Allyl-4-aryl-7 . 7-dimethyl-5-ox0-3-cyano-1.2.3.4.5,.6.7.8-octahydroquinoline-2-thiones
(V11a) and (VIIb) (see Tables 1 and 2). a) A sample of 0.5 g 1,4,5,6,7,8-hexahydrogquine-
line (VIa) or (VIb) was maintained for 3 h at constant 140°C. b) A suspension of 5 mmoles
hexahydroquinoline (VIb) in 20 ml ethanol was heated at reflux for 3 h. The precipitate
was filtered off and washed with ethanol and hexane.

3-Allyl-6-acetyl-6-methyl-4-(4-chlorophenyl)-3-cyano-1,2,3 4-tetrahydropyridine-2-
thione (VIIc) (see Tables 1 and 2). A solution of 1 mmole (VIc) in 7 ml DMSO was heated
for 1 h at 80-100°C. The reaction mixture was cooled to 25°C and diluted with 100 ml wa-
ter. The precipitate was filtered off and washed with water.

3-Allyl-5-methyl-4-phenyl-3-cvano-5-ethoxycarbonyl-1.2.3 4-tetrahydropyridine-2-thione
(VII1d) (see Tables 1 and 2) was obtained as a side-product in the synthesis of allylthio-
pyridine (VId). The tarry precipitate was heated at reflux in chloroform—-hexane and the
insoluble precipitate was recrystallized from benzene-hexane to give (VIId).

A sample of 0.5 g (VId) was maintained at constant 65°C for 20 h.

3-Allyl-4-aryl-6-methyl-3-cyano-5-ethoxycarbonyl-1.2 3 4-tetrahydropyridine-2-selen-
ones (VIIle) and (VIIf) (see Tables 1 and 2). A suspension of 10 mmoles (VIe) or (VIf) in
15 ml benzene was heated to reflux and filtered. Cooling of the reaction mixture gave
(VIIe) and (VIIf).

Z.7-Dimethyl-5-o0xo0-4-phenyl-3-cyano-2-(2-cyclohexen-1-yithio)-1.4,5.6.7.8-hexahvdro-
quinoline (IX). A mixture of 10 mmoles quinolinethiolate (Va) and 12 mmoles 3-bromocyclo-
hexene in 20 ml ethanol was stirred for 7 h at 20°C. The precipitate was filtered off,
washed with ethanol and hexane, and recrystallized from ethyl acetate to give (IX) in 28%
yield, mp 177-179°C (dec.). IR spectrum (v, cm’l): 2216 (CN), 1622 (CO). PMR spectrum {§,
ppm): 0.92 s (3H, CH3), 1.03 s (3H, CH,), 1.65-2.43 m [10H, (CH,),, CPH,, C®H,], 4.15 m (1H,
CHS), 4.49 s (1H, CH), 5.77 m (2H, CH=CH), 7.22 m (5H, CgHg), 8.84 s (1H, NH). Found: C,
73.75; H, 6.84; N, 7.24; S, 8.12%. Calculated for C,,HygN,08: C, 73.81; H, 6.71; N, 7.17;
S, 8.21s.
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3-Allyl-4-(4-bromophenyl)-7.7-dimethyl-5-0x0-2-phenacylthio-3-cyano-3.4,5,6,7.8-hexa-
hydroguinoline (XI). A sample of 0.8 ml 10% KOH and 1.55 mmoles phenacyl bromide were
added to a suspension of 1.5 mmole (VIIb) in 3 ml DMF. The reaction mixture was diluted
with water and maintained for 3 h. The precipitate was filtered off, dried in air, and
recrystallized from 1:2 benzene-hexane to give (XI) in 67% yield, mp 148-150°C. IR spec-
trum (v, em’!): 2256 (CN), 1717, 1665 (CO). PMR spectrum (§, ppm): 0.88 s (3H, CH;), 0.93
s (3H, CH;), 2.19-2.60 m (6H, C®H, C®H,, CH,CH=), 4.07 s (1H, C“H), 4.81 s (2H, CH,S),
5.16-5.33 m (1H, CH,=), 5.90 m (1H, CH=), €.98 and 7.47 d (4H, 4-BrCgH,), 7.66 and 8.09 (5H,
CgHs). Found: C, 63.57; H, 5.06; N, 5.21: S, 5.72%. Calculated for CogH,;BrN,058: C, 63.62;
H, 4.97; N, 5.12; S, 5.86%.

Bis[3-allyl-4-(4-bromophenyl)-7 . 7-dimethyl-5-0%0-3-cyano-3.4.5.6.7,8-hexahydro-2-
quinolvlldisulfide (XII). A sample of 2.1 ml 10% KOH was added toc a suspension of 2 mmoles
quinolylthione (VIIb) in 10 ml ethanol, and after 30 min, a solution of 2 mmoles I, in 15
ml ethanol was added. The reaction mixture was stirred for an additional 2 h. The precip-
itate formed was filtered off, washed with ethanol and hexane, and recrystallized from
ethyl acetate~benzene to give (XII) in 70% yield, mp 221-223°C. IR spectrum (v, cm'i):
2262 (CN), 1682 (CO). PMR spectrum (6, ppm): 1.04 s (3H, CH;), 1.08 s (3H, CH;), 2.32-2.66
m (6H, C°H,, CPH,, CH,CH~), 4.27 s (1lH, C*H), 5.29-5.41 m (2H, CH,=), 6.02 m (1H, CH=), 7.06
and 7.54 d (4H, 4-BrCH,). Found: C, 58.72; H, 4.90; N, 6.47; S, 7.37%. Calculated for
C,oH,oBr,N,0,5,: C, 58.88; N, 4.71; N, 6.54; S, 7.48%.

2-Allylthio-4-(4-bromophenyl)-7.7-dimethyl-5-0%0-3-cvano-5.6.7 8-tetrahydroquinoline
XIV). A mixture of 3 mmoles quinolylthione (XIII), 1.9 ml 10% KOH, and 3.6 mmoles allyl
bromide in 10 ml DMF was stirred for 3 h at 25°C. The reaction mixture was diluted with 50
ml water and maintained for 3 h. ' The precipitate was filtered off, washed with water, and
recrystallized from heptane to give (XIV) in 70% yield, mp 141-142°C. IR spectrum (v, cm'!):
2226 (CN), 1692 (CO). PMR spectrum (§, ppm): 1.05 s [6H, (CH3),C), 2.49 and 3.13 s (4H,
CBHZ, CBH2), 4.04 d (2H, CH,S), 5.17-5.38 m (2H, CH,=), 5.95 m (1H, CH=), 7.24 and 7.65 d
(4-BrCgH,). Found: C, 58.89; H, 4.54: N, 6.51; S, 7.42%. Calculated for CyiH gBrN,0S: C
59.02; H, 4.48; N, 6.56; S, 7.50%.
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