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Abstract: In saturated NII,Cl (aq.)-THF solution at room temperature., metallic
samarium promoted reductive dimerization cyclization of gem-diactivated alkenes.
reductive debromination of vic-dibromides, and reduction of sodium alkyl thiosulfates
occur to afford corresponding functionalized cyclopentenes, (E)-alkenes, and disulfides.
respectively in good yield. Only sub-stoichiometric quantities of samarium arc
employed in the former reactions and the frans- or frans,trans-form isomer is the
majority product of the polysubstituted cyclopentene products. © 1999 Elsevier Science Ltd.
All rights reserved.

INTRODUCTION

Recently metallic samarium, its saits and organosamarium compounds have been widely empioyed as
useful reagents or catalysts in organic synthesis.' Since pioneering studics by H. B. Kagan and co-workers
samarium(Il) iodide as a powerful one-electr

the utilization of Sml, in synthetic organic synthesis has becn documented. such as: radical cyclizations.” ketyl-

Reformatsky-type reactions,” reductive coupling cyclizations,” etc.. Though Sml, is a useful reagent, some
problems are encountered when it is used as a reductant. For example. it is expensive. needs delicate treatment.
careful storage because it is very sensitive to air oxidation and has been invariably used in stoichicmetric
amounts. On the other hand, metallic samarium is stable in air and has stronger reducing power (Sm>/Sm = -
2.41 V) and it has been noted recently that cheaper and more convenient metailic samarium can be uscd directly
as a reductant instead of Sml, in organic synthesis.'® To the best of our knowledge. only one paper reported that
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ediated by samarium in aqueous media."

3

In the last decade, metal-mediated organic reactions in aqueous media have received considerable
attention.” Such aqueous reactions offer a number of advantages over conventional organometallic reactions in

1 .

organic solvent. Thzay are the practically convenient, environmentally friendly and do

=

organic solvents. Recently, metal Al(Hg),” Cp,TiCL," TiCl;,"” Zn-ZnCL," and Mn

communication, we reported that metallic samarium was used for the reductive dimerization cyclization of 1. 1-
dicyanoalkenes in aqueous media.'"® In order to extend the application of samarium as a mediator in aqueous
media, herein, we wish to report that metallic samarium powder mediated reductive dimerization cyclization of
ethyl arylmethylidenecyanoacetates and N-methyl-N-phenylaminocarbonylalkenes, reductive debromination of
vic-dibromides, and reduction of sodium alkyl thiosulfates occur to afford corresponding functionalized

cyclopentenes, (£)-alkenes, and disulfides, respectively in good yield under THF-NH,CI (aq.) conditions.

RESULTS AND DISCUSSION
Reductive Dimerization Cyclization of gem-Diactivated Alkenes Mediated by Samarium in Aqueous
Media
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The results of reductive dimerization cyclization of gem-diactivated alkenes mediated by samarium are
p 1 s

LE__ 1% ~ 1y T [P R § < 1 Rd a4 U IPUES [T J . Suy
DIEs 1, £ anda 3. 1ne gem-aiacivalea alkenes nave enougn rcactivity 10 compiete tne reaucuve

dimerization cyclization in the presence of metallic samarium powder under saturated aqueous NH,C1-THF (1 :

and malononitrile gave the products in 50-88% yields within 1 h at room temperature. From Table 2. we found
that substrates 4 derived from aromatic or heteroaromatic aldehydes and ethyl cyanoacetate gave the products
in 60-85% yield within 4 h at room temperature, and from Table 3, we found that substrates 6 derived from
aromatic aldehydes and cyanoacetophenylmethylamide gave the products in 42-54% yields within 9 h at room
temperature. We also found that the major product from 1 is the rrans-form isomer (rrans/cis ratio is in the

range of 60 : 40 to 80 : 20), substrates 4 gave products, in which the major product was the trans. rrans-form

ieaom
1301

imer (the range of § : other isomers ratio is 80/20 to 95/5)
products.

It is noteworthy that reactivity of gem-diactivated alkenes decreases in the order. 1.1-dicyanoalkenes > 1-
cyano-I-ethoxyicarbonylaikenes > 1-cyano-1-(N-methyl-N-phenylaminocarbonylalkenes. The reason may be
the difference of the electron withdrawing ability of cyano, cthoxylcarbonvl and N-methyl-A-
o

phenylaminocarbony! groups. Moreover, the irans,irans-form isomer is the only product from 6, since the A-

methyl-N-phenylaminocarbony group is bulky.

Table I Reductive Coupling Cyclization of gem-Diactivated Alkenes 1*

Entry Ar ' R lemp(C)  Time (h) Yield (%) ° 2.3
a C.H, H .t 1 80 80 : 20
b p-CH,OC H, H r.t. i 63 76 : 24
¢ p-CiCH, H r.t. i 88 80 :20
d CoH; CH, .t 2 50 60 : 40

* Reactions were carried out in THF-NH,C1 (ag.) (4 : 1, 5 cm’) using substrate (l> rﬁmol) and metallic samarium (0.75 mmol).
U EMEIVL TIPS FYPIS LN P P ] Y
< ud.
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Ratio aetermined oy ' NMR.

Table 3 Reductive Coupling Cyclization of gem-Diactivated Alkenes 6 °
Lntry Ar Temp.('C) Time (h) Yield (Yo'
a CH, rt 9 45 B
b p-CH,CH, .t 9 42
¢ p-CIC H, Lt 9 53
d p-FC.H, r.t 9 50
e m-BrC,H, r.t 9 54

* Reactions were carried out in THF-NH,Cl (aq.) (4 : 1, 5 cm’) using substrate (lTnhﬁSl) and metallic samarium (0.75 mmol).

® Isolated yields.
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Table 2 Reductive Coupling Cyclization of gem-Diactivated Alkenes 4°
Entry Ar Temp.(C) Time (h) Yield (%) ° 5 : other isomers*

a ~ C,H, I i. 4 75 83: 17
I t. 8 04050, -
50 10 0.20."0. --

b p-CH,CII, rt 4 70 90 : 10

e p-CH.OCH, rt 4 63 a1 :9

d p-CiC H, L 4 30 89 i1

e p-FCH, r.t 4 82 87 : 13
r.t 4 83.) 824, 83' 87: 13

f p-BrCH, .t 4 81 88 : 12

g p-CEC I, rt. 4 85 93:7

h mi-BrC H, it 4 76 8515

i o-BrC,H, rt 4 74 83:17

i 3.4-OCH,0C,I1, rt. 4 83 90 : 10

k p-tert-C,H,C.H, r.t. 4 68 95 :5

1 2-Furyl r. t. 4 60 80 :20

- ORIy L RPN RURPPN | R F R 4
i

- iA

Ll ‘? A
Combined isolated yields. © Ratio determined by RF-HPLC analysis. * THF (anhydrous, 5 em’) was used as solvent instead of
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cm’) was used ag solvert instead of THF-NH C‘ ag.) , IF-H.O , 5 em’) was used as solvent instead of 'HF-
NH,Cl(aq.)(4:1.5ecm’). "H,O(5 cm‘) was used as solvent instead ofTHFoN}LCI (aq Y@ :1.5cem®). THF-HCl (1.0 mol’L) (4 :
I. 5 cm ) was used as solvent instead of THF-NH,CI (ag) (4 : 1, 5 cm ) I Metallic samarinm (| mmol) was used. *Metallic

samarium (2 mmol) was used. ' Metallic samarium (0.5 mmol) was used .

The mixtures of stereoisomeric cyclic hydro-dimers from 1 or 4 could not be separated by TLC. For
substrate 1, two products were given and the configuration and the rrans/cis ratio of product was determined by
"I NMR and NOE spectra.'"® Meanwhile, four products were given from substrate 4 and the ratio o product
was determined by HPLC under reverse conditions. Fortunately, trans-form product 2, and trans. truny-torm

product § could be separated as pure compounds from the mixture of its cis/rans isomers by the fractional

ectroscopic evidence, NOE and X-ray

crystal diffraction result. The strong IR absorption at ca. 1660 cm™ is evidence for the C=C-NH, <> (-C=NH

entity. Characteristic N-H stretching bands are also present and, in the NMR cxperiments. NH protons were

spectra on molecular ions and CHN elemental analysis. The stereochemistry of the frans-form structure was

determined by NOE and the frans, trans-form structure was confirmed by the X-ray crystal diffraction.

Since metailic samarium is stabie to the water and neutral organic soivents, when the reaction was carried

out in THF (anhydrous), CH,CN (dry), Et,0 (dry), TIHF-1,0 (4 : 1) or H,O. no product was formed, even alter




L. Wang, Y. Zhang / Tetrahedron 55 (1999) 10695-10712 10699

~

longer reaction times (see eniry a in Table 2). When the reaction was performed in THF-NH,CI (aq.) solution,
reductive coupling cyclization products were isolated in high yields in a short reaction time. However, when the

reaction was carried out in dilute hydrochloric acid-THF solution
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(aiso see entry a in Table 2). On the other hand, when we used other metal powders, such as tin or indium to

replace samarium, no reaction took place.

the substoichiometric amounts of Sm (substrate/Sm = 2/1~4/3) were used, the reaction could finish within 4 h

in high yield, and when stoichiometric or superstoichiometric quantities of Sm (substrate/Sm = 1/1~1/2) were
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Fig.1 Observed NOE of 2a and X-ray crystal structure of diethyl 2-amino-r-
3-cyano-trans-4, cis-5-di (4-chlorophenyl)-1,3-cyclopentenedicarboxylate Sd

Interestingly, treatment of substrate 4m with samarium powder under the same reaction conditions only
gave the reductive dimerization product (60% yield), and no reductive dimerization cyclization product. The
effect of the substituted groups in benzene ring is not fully clear and it may be that this results from bulky m-

and p- position substitutes (in detail, see the following reaction mechanism).
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ion of substituted cyclopentene is described in Scheme 1. A radical

~

anion of the electron deficient olefin may be formed by a single-electron transfer (SET) process under the
reaction conditions. Here the carbon bearing the negative charge should be flanked by the electron withdrawing
cyano and ethoxycarbony! groups whic ion, and the free radical should be
shared by the neighboring aromatic ring, so that the radical anion is easy to form and has enough time to rcact
with another radical anion of the substrate to produce a dianion (coupling process). Eventually. there are two

either reductive dimerization cyclization product

3

¢
=3

[4

€
s

[4

c
s
a

¢

5

[

e

5
i)

h

(path a) or reductive coupling product (path b). The presence of NH,Cl (ag.) could clean and activate the

metallic samarium surface to effect further reactions.
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Scheme 1. A postulated reaction Phechanam s

ITowever, when substrates derived from aliphatic aldehydes or ketones were used, no reductive ccupling

sta hlhn of

the radical anion intermediate. A benzyl radical anion intermediate from gem-diactivated alkenes derived from
aromatic aldehyde or ketone is stabilized by the neighboring aromatic ring. The radical anion intermediate {rom
etone is less stable and difficult to form. so that the starting

substrate derived from an aliphatic aldehyde or k
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material was recovered. At the same time, other electron-deficient olefin, such as 1.1-diac
1-ethoxycarbonylstyrene, 1-ethoxycarbonylstyrene, 1,1-diethoxycarbonylstyrene or cinnamyl cyanide failed to

react under identical conditions.

9-21

Disulfides are important reagents in organic synthesis,”””' and many methods for the synthesis of

disulfides have been recommended, for example, the oxidation of thiols® and nucleophilic substitution of
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sultbnylthiocyanates * thiolsulfonates with thiols. the

fenylhydrazo compounds,” and sulfenimides
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drawback of the former method is the foul smell of thiols, while the later method requires rather long reaction

time, reflux and anhydrous conditions and usually results in only moderate yields. It is desirable to develop
h

m”dcr ?ﬂef:-(‘dg Gf di‘ﬂ‘u!ﬁue nreparation In ardar ta avnand the ceane af thae Qi /THENH ('] fan \ recietion
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system, we have examined the reduction of sodium alkyl thiosulfates. The results are listed in Table 4.
Sm RSSR
RSSO3Na THF-NH:Cl (ag)
THF-NH,4C1 (aq.)
8 9
Table 4 The Reduction of Sodium Alkyl Thiosulfates to Disulfides by Sm/THF-NH,CI (aq.)
Entry R Temp. (C) Time (h) Product Yield(%)

a C,H.CH, It 4 C,H.CH,SSCH,C H, 05

b CH, r.t 4 C,,H,.SSC,,H,. 90

~ 128 %25 v 128 23500 N 128 308

o " U r t 4  HQQM U QS

. AN |Ul 12| 1. 1. i \/I()l l’)]k)u\.‘ol lz] LS ey

_ s 8 § - A ras 8 | QO 1y Q7

d g7 r. i 4 CyH,,55CH,, 87

? Isolated yields.

Table 4 shows that sodium a

i D ol ~ -~

disulfides by metallic samarium in good to excellent yiclds under aqueous conditions at room temperature. and
as starting materials, the sodium alkyl thiosulfates are readily prepared from the reaction of sodium thoisulfate

with suitable alkyl bromide under mild and phase transfer catalysis conditions.”

Reductive Debromination of vic-Dibromides with Metallic Samarium in Aqueous Media

‘The debromination of vic-dibromides to alkenes is of some importance in organic synthesis. especially in

accomplish this transformation.”” Among the many possible debromination agents are sodiun.” magnesium.”

zine,” sodium selenide,” lithium aluminium hydride,” sodium sulfide.” titanium(I11)."”” cobalt(1).”* DMF™ and

0 .

Sm/methanol c
anymethanol, ™ etc.

In order to verify the reductive ability of Sm/THF-NH,CI (aq.) system and extend its application in organic

synthesis further, we have found that vic-dibromides on treatment with metallic samarium in THF-NH,C1 (aq.)

solution are

smoothly converted into the corresponding (F)-alkenes in good yields. The reaction occurs at room

temperature. thus minimizing side reactions.

R ) RI R

R (o R o >
| I THF-NH4Cl (aq.) R3 R4
Br Br



d). In the casc of aliphatic vic-dibromide trans-1,2-dibromocyclohexane, longer reaction time (4h) wus needed
to obtain cyclohexene (94% GC yield, entry ¢). The reactivity of vic-dibromides decreases in the order, meso-
1.2- dibromo-1.2-diphenylethane = di-1,2-dibromo-1,2-diphenyiethane > ethyl 1.2-dibromophenyipropinate >
trans-1.2-dibromocvclohexane, due to the radical or anion intermediate of aliphatic vic-dibromide being less
stable than that of the aromatic analogues.

Table 5§ Reductive Debromination of vic-Dibromides by Sm in Aqueous Media

Entry Substrate Temp.('C) Time (h) Product Yield (“0)
Br

a /J\ _-bh r. t. 2 /\/Ph 98

Ph™ \i, Ph/ L

Br
Br
b ! Ph L. 2 93
,/\/
Ph I S Ph
Br h
P ,/ Br . ~ ansey 4y h
[ L\J .1 4 U s0(Y4)
" Br

PhCHCHCO2CsH;

d | r. t. 3 o o COCaHs 92
Br Br Ph/ X
(ervthro)
. L o
“Isolated yiclds. * The number in parenthesis is GC yield.
CONCLUSION

, it has been found that metallic samariur seful metal to mediate the reductive

In summar

¢
!
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dimerization cyclization of gem-diactivated alkenes, reductive debromination of vic-dibromides. and reduction
of sodium alkyl thiosulfates in aqueous media at room temperature. The remarkable advantages of this reaction
are its mild, neutral and environmentally friendly reaction conditions, simple operation, and good vields. [t may

open a new way for using metallic samarium instead of samarium(1I) diiodide in organic synthesis.

EXPERIMENTAL

General details

«r n

Meiting points were determined with X-4 microscope melting point apparatus and are uncorrected. 1



spectra were measured with a Nicolet 560-FTIR spectrophotometer as KBr discs. The 'H NMR spectra were

‘ v

Fall
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obtained on a Bruker AT 300 or a Bruker AC 80 spemrometers All NMR samp'lcs were measured in

D
using TMS as internal standard. J values are given in Hz. Elemental analyses were performed on a Carlo Erba

1106 instrument. Mass spectra were obtained on a HP 5989A mass spectrometer usi

ng electron impact mode

(70 eV). HPLC determinations were done on a Shimadzu 1.C-6A chromatographic instrument by using

tetrahydrofuran -methanol-water (2 : 6 : 2) as mobile phase under reversed phase conditions. GC determinations

performed on 0.5 mm silica gel (GF 254) pre-coated microscope slides and visualised with UV light 1254 nm).
Preparative TLC was carried out on 1.5 mm silica gel (GF 254) pre-coated plate glass (20 ecmX 20 ¢m) and
wrsosialicad xiid T7 1 slos s
VISUAIISCU WILIL UV LRI

Metallic samarium, aldehydes, malononitrile. ethyl cyanoacetate, and all solvents were purchased from
commercial sources and used without purification. Cyanoacetophenylmethylamide was prepared from the
reaction of cthyl cyanoacetaie with N-methylaniline under reflux. The gem-diactivated ailkencs were

synthesized by the reaction of aromatic aldehydes or ketones with malononitrile, ethyl cyanoacetate or

Under an inert atmosphere of nitrogen, powdered samarium (113 mg, 0.75 mmol) and gem-diactivated

alkene (1.0 mmol) were placed in a round bottomed flask, and THF (5 ¢cm’') was added in one portion. After

saturated NH,Cl (aq.) (1 cm’) was added dropwise to the mixture via syringe within 1 h, the mixture was stirr

A
¢a

Q.

at room temperature for the time indicated in Tables 1, 2 and 3. A dilute I11CI (0.5 mol/L. 4 ¢m’) solution was
added and the mixture
reduced pressure. The residue was then purified by preparative thin layer chromatography on silica gel with
cyclohexane-ethyl acetate as eluent to afford the product. After fractional crystallization of the mixiure with

2-Amino-1,3,3-tricyano-trans-4,

5-d
Colorless crystals, mp 132-134°C; v,,,, (KBr)/em™ 3378, 3217 (N11,), 3052 (ArH), 2940 (CH), 2212 (CN),

phenylcyclopentene 2a

-

& i1 | Trn A 1T S0y /1118 ] Ty 1
Ji{in, a, v 9.4, Cn), 4.59 {11, 4. J Y4,

2 (10IL, m, ArH); m/z 311 (M™+1, 25%), 310 (M", 100), 283 (13), 156 (16). 135
13), 78 (15), 77 (27), 52 (24), 51 (49). Anal. for C,;H,N,: Cal.(found) C. 77.4(

-

2-Amino-1,3,3-tricvano-trans-4,5-di(4-methoxyphenyl)cyclopentene 2b
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Colorless crystals. mp 98-100°C; v, (KBr)/em™ 3370, 3220 (NH,). 3050 (ArH), 2945 (CH). 2221 (CN),

A AN /1Y

200, 4.09 (1H.

N NTET s A

1683 (C=C-NH,), 1648, 1618, 1500, 1460 (Ar); 5, (C

8 4 0. .
d..J9.4, CH), 4.42 (1H. d, J 9.4, CH), 5.40 (2H, br s, NH,), 6.80 - 7.32 (8H. m. Arll); m/z 371 (M’ +1. 28). 370
Q

H,), 3070 (ArH). 2950 (CH), 2220 {CN).

Colorless crystals. mp 160-162°C; v,,,. (KBr)/em™ 3375, 3200 (N

1685 (C=C-NH,), 1660, 1630, 1500, 1460 (Ar); 8, (CDCI,) 3.75 (1H, d. J 9.1. CH), 4.53 (1H. d. .J 9.1. CH).

11 WOy 247
44 (29} a4)

, H 345 (36). 3
(52), 156 (23), 155 (58), 127 (21), 101 (17), 77 (26), 76 18), 75 (33). 63 (17). 52 (15). 51 (25). Anal. for
C,,H,CLN,: Cal.(found) C, 63.34 (63.57); H, 3.19 (3.02): N, 14.77 (14.90)%.
2-Amino-1,3,3-tricvano-4,5-dimethyi-diphenyicyciopentene (2d and 3d)
(KBry/em™ 3380, 3225 (NH,), 3050 (ArH), 2950 (CH), 2225 (CN), 1685 (C=C-NH,). 1660. 1600,

1500, 1460 (Ar); 8, (CDCL) 1.21 (s, 0.40 X 3H, ¢is-CH,), 1.46 (s, 0.60 X 3H, trans-CH.). 1.88 (s. 0.40 % 3H.

15y U iy 1.9

ma\

c¢is-CH,). 2.01 (s, 0.60 X 3H, frans-CH,). 5.37 (2H, br s, NH,). 6.93 - 7.45 (1011, m. ArH); m/z 339 (M +1.
73%). 338 (M, 73), 328 (18). 170 (19), 169 (42), 157 (20), 156 (45), 155 (100). 128 (18). 115 (28). 103 (18).

1) (1KY TR DY T74ADY KD U7V 1 (ARY Anal e T N - Oal (o AV 7@ NQ (77 Q7Y L1 £ 4 ¢85 17V N
UL LI ) TORLI ) T\ ) JL\L7 )y JL 0 ). Adldl. TUD LT giNy. Cal.(iUuiil ) ©, /O.V0\/7.0/7 ), 1. J.OU LJ. 1 2] 1N,
16.56 (16.80)%

2900 (CH), 2250 (CN), 1738 (C=0), 1672 (C=C-NH,), 1637, 1578, 1455 (Ar): &, (CDCL,) 0.86 3H. 1. ./ 6.6,
CHS). 1.30 (3H. 1. J 6.9. CH,), 371-4;20(3}15m$CH2andCH);4.26-4;63(311,,!1»_;(‘113;1:1_(_1(?14_;;5;984;H=b,r

s, NHi,), 7.04 - 7.82 (10H, m, ArH); m/z 404 (M', 27%), 403 (100), 402 (34), 374 (35). 332 (24), 331 (85). 3i2
(23), 311 (46), 286 (33), 285 (82), 258 (37), 257 (57), 181 (18), 131 (22). 130 (25). Anal. for C,H.,N,O,:

§ QR (5 99\
e ST\ S S

>

ound) C, 71.27 (71.31); H,
Diethyl 2-amino-r-3-cyano-trans-4, cis-5-di (4-methylphenyl)-1,3-cyclopentenedicarboxylate Sb

Colorless crystals. mp 189-191°C; v, (KBr)/em™ 3415, 3322, 3238, 3190 (NH,), 3038 (ArH). 2985. 2931,
(BH. ../ 7.0
CH.). 1.30 (3H. 1, .7 6.9, CH,), 2.22 (3H, s, CH,), 2.28 (3H. s, CH;), 3.71 - 4.10 (3H. m, CH. and CH). 4.18 -
4.55(3H, m, CH, and CH). 5.90 (2H, br s, NH,), 6.90 - 7.42 (8H, m, ArH); m/z 432 (M'. 100%), 433 (M +1.
28). 431 (21), 402 (29), 385 (15), 359 (20), 358 (69), 340 (27), 339 (63), 314 (27). 313 (68). 312 (17). 286 (26).

285 (43), 221 (14), 145 (21), 144 (24). Anal. for C,,I1,;N,0,: Cal.(found) C. 72.20 (72.05): H, 6.52 (6.54): N.
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6.48 (6.19) %.

Diethyl 2-amino-r-3-cyano-frans-4, cis-5-di (4-methoxyphenyi)-1,3-

Colorless crystals. mp 160-162°C;

cyciopentenedicarboxyiate Sc¢

U, (KBryem'' 3408, 3323, 3242, 3190 (NH,). 3025 (ArH). 2999. 2980.

7015 D2RIQ (LN DIIEY (ONY 1777 (0= TAREA (C=C" NI Y 1422 1A11 18A7 1AAN (Ary- A (CDY'1 YO QD
LTF7I3J, L0530 (VH1), 24010 ANIN), 1707 (TU), TUUT (VU mINLDf, 1UJO, 1UTLL 107 [ AVAVAR Wa ¥ I 2O 671 \\_l LU BT B V R A
(3H.1.J 6.7, CH,). 1.31 (3H. 1, J 7.0, CH,), 3.71 - 4.22 (SH, m. CH,. CH and 2 X CH,0). 4.28 - 4.56 (311. m,
CH, and CH), 6.08 (211, br s, NI1,). 6.76 - 7.84 (8H, m, ArH); m/z 464 (M, 45%). 418 (11). 390 (30). 372 (11).

A Lo
-, 10T

C,,H,,N,0,: Cal.(found) C. 67.23 (67.09); H, 6.08 (5.82); N, 6.03 (6.17) %

Niothyul Y.amina_ s ovannsdranc.d cic.A_di (Ad_chlaronhenv_1 _ovelanentoenodicarhavvlate §d

BJICRIY N ASailNUSI = 7=0Cy AnuU=ir &35, (57 U \ T UHNUTI VDL Y 1T 1,70 VIV PLHILIIL UL G UUA Y fast JRs
78-180°C; v, (KBr)/em™ 3425, 3331, 3257, 3202 (NH,). 3035 (ArH), 2980. 2935

el 81

,m, CH,

IVI T

AY
and CH), 4

s. NI1,), 6.80 - 7.28 (8H, m, ArH); m/z 476, 474, 472 (M, 13, 67, 100%), 445 (29). 443 (36). 427 (20). 400

(64). 399 (34). 398 (96), 381 (27), 379 (35), 354 (54), 352 (69), 324 (43). 291 (22), 215 (21), 189 (23), 165 (39).

Anal. for C,,H,,N,0,Cl,: Cal.(found) C, 60.90 (61.07); H. 4.68 (4.49); N. 5.92 (5.71) %.

Diethyl 2-amino-r-3-cyano-trans-4, cis-5-di (4-fluorophenyl)-1,3-cyclopentenedicarboxylate Se

Colorless crystals. mp 170-172°C; v, (KBr)/em™ 3423, 3330, 3248, 3201 (NH,). 3070 (ArH). 29087, 2941,

max

2905 (CH), 2256 (CN), 1741 (C=0), 1671 (C=C-NH,), 1637, 1571, 1509 (Ar): §,, (CDCl;) 0.91 (3H. . ./ 7.8,

and CH), 4.25 - 4.63(3H, m, C11, and CH), 6.09 (21, br

LY D PP TSR

CH,). 1.30 (3H. t

~ i1y, | U P

s. NH,). 6.73 -

J 6.8, CH,), 3.53 -4.15 (3H. m, CH,

3

7.91 (8H, m, ArH); m/z 440 (M', 39%), 410 (15), 366 (40), 347 (26). 320 (40), 294 (21). 293

9 (10), 173 (10). 149 (31). 148 (100).  Anal. for C,,;H,,NO,F,: Cal.(found) C, 65.45 (65.61):

=1

i

NL r£0%
. a.

N s L0
); N, 0.36 (6.12)

o)
N

Diethyl 2-amino-r-3-cyano-trans-4, cis-5-di (4-bromophenyl)-1,3-cyclopentenedicarboxylate 5f

rless crystals. mp 192-194°C; v,

HES RV

. (KBrYem™ 3424, 3328 3251, 3201 (NH,), 3045 (ArH). 2995, 2945,

225

2908 (CH). 2255 (CN). 1737 (C=0), 1674 (C=C-NH,), 1636, 1582,

J7.0

) 0.93
nd CH).

1490 (Ar): 8, (CDCl, (3H. 1.7 6.7.
H,a

CH,). 1.32 (3H, t, .CH,). 3.65-4.10 3H, m, CH, and CH), 4.18 - .C 6.06 (2H. br

(49), 445 (37). 443 (64), 435 (46), 334 (29), 255 (30), 210 (41), 208 (45). Anal. for C,,H.,N,0,Br,: Cal.(found)

)

C, 51

27(51.37): 11, 3.94 (3.81); N, 4.98 (4.80) %.
) D )i N, ( )

Dicthyl 2-amino-r-3-cyano-trans-4, cis-5-di (4-trifluoromethyiphenyi)-1,3-cyciopentenedicarboxyiate 5g

Colorless crystals. mp 184-186°C; v,,,. (KBr)/em™ 3425, 3332, 3254, 3200 (NH,). 3042 (ArH). 2985. 2932.

max

2005 (CHY A5 (CNY 1720 (O=N 15674 (C=C.NH Y 15838 1577 1467 (Ar): &, (CDCIH 085 (3H. 1. ./ 7.0
LTVD (UL, L4590 \IN ), 1707 VU, LU (OUTTUmINTLg f, 1UJTO, 1077, 17U/ LU0 . U AR d) VUG (Y LRV
CH,). 1.31 (3H, 1, J 7.0, CH;), 3.70 - 4.20 (3H, m, CH, and CH), 4.25 - 4.68(3H, m. CH, and CH). 6.07 (2H. br



Colorless crystais. mp 150-152C: v 3204 (NH,). 3065 (Arti). J988.

max

3.
2939, 2904 (CH), 2246 (CN), 1739 (C=0), 1673 (C=C-NH,), 1639, 1580, 1477 (Ar); 8, (CDCI,) 0.91 (ZH. . J
H

nd CHY 425 -470 (3. m. CH, and CH. 623
~il). FLLD LTRSS 3 PO § § PR S i B ngt n Ve

7“(”\]'{’){“‘Htl77 CH) 372-413 (3
YN L. Foad A\~

X1y fy Ted

(2H. br s. NH,), 6.85 - 7.75 (8H, m, ArH); m/z 564, 562, 560 (M', 44, 86, 45%), 533 (40). 516 (28). 491 (S1).
489 (100). 487 (54). 445 (55), 443 (85), 415 (44), 362 (23), 255 (39), 209 (29). 154 (22). 102 (20). Anal. for

Diethyl 2-amino-r-3-cyano-trans-4, cis-5-di (2-bromophenyl)-1,3-cyclopentenedicarboxylate Si
Colorless crystals. mp 192-194°C; v, (KBr)/cm" 3420, 3320, 3251, 3192 (NH,). 3055 (ArH). 2984, 2943,
71, 1469 (Ar): &, (CDCHL) 0.92 (311, ./ 7.0.

3H. m, CH, and CH), 4.74 - 5.15 (3H, m, CH, and CH). 6.30 (2H. br

3
wh
LD
rl' b
|
o]
-
5\
~J)
-~
(.
(.'
Z
s
e
5
S
<
;.
g

(41), 240 (15), 181 (10), 102 (12). Anal. for C,,H,.N.O,Br.:

Niathul J_amina_sr_Yovana_francd ric_&_dift Aomathvlanadinvunhoanu_1 2avoelonantanadicarhaveylate &§
ul\wlll.yl AT CREARRARAUTT T \.J AIRUTeLrarny> "’Ll.] -t “l‘;’," AR RLER lLllLul“A‘y Pll\tll) l’ I’J ‘«‘y klup\llltllful‘al UUA.’ 1Tl -.’J
Colorless crystals. mp 186-188°C; v, (KBr)/em™ 3422, 3321, 3247, 3185 (NH,). 3070 (ArH), 2087. 2918
2882 (CH), 2248 (CN), 1739 (C=0). 1660 (C=C-NH,), 1632, 1562, 1489 (Ar); &, (CDCl,) 0.94 (3H. . J 7.0.
MIEY 20 T+ F7Y M1 Y 7 ON A AN ALY . MIT .1 MNLIN A &N t 00 /LT VY AN I B B ) & BY L"’!: gl 8|
Ciig) 10U 01, Lo 1.2, Uy , 2.90 - 440 (00, M, U, ana Lnj, 452 - 4.%6 (o, m., U, and i 6.3 (2. s

OCH,0). 6.33 (2H, s, OCH,0), 6.38 (2H, br s, NH,). 6.93 - 7.72 (6H, m, ArH); m/z 492 (M’, 86%). 463 (10).
7

(6
419 (35), 399 (42), 372 (41), 344 (23), 297 (11), 268 (14), 246 (53), 202 (13), 174 (100), 144 (27). Anal. for

Diethyl 2-amino-r-3-cyano-trans-4, cis-5-di (4-tert-butylphenyl)-1,3-cyclopentenedicarboxylate Sk
Colorless crystals. mp 174-175°C; v, (KBryem™ 3424, 3320, 3261, 3204 (NH,). 3038 (ArH). 2965. 2906,

2870 (CH), 2248 (CN), 1744 (C=0), 1672 (C=C-NH,), 1638, 1585. 1459 (Ar): &, (CDCL;) 0.86 (3H. . ./ 7.2,
CH,). 1.25 (9H, s, -C,H,). 1.29 (911, s, -C,H,), 1.42 (3H. t. J 7.0, CH,). 3.62 - 4.15 (3H. m. CH, and CH). 4.26
o 18 |

S16 (N 100046y AR7 1370y A5
) VYU [ Dy R |

TU Live o ‘Of, F0

il
o

4

(22), 443 (70). 413 (23), 396 (35), 369 (33), 341 (22), 311 (15), 156 (15). 57 (65). Anal. for C,,H, N,0,:
Cal.(found) C, 74.39 (74.12); H, 7.80 (8.07); N, 5.42 (5.22) %.
Diethyi 2-amino-r-3-cyano-irans-4, cis-5-di (Z2-furyi)-1,3-cyciopentenedicarboxyiaie 51

Colorless crystals. mp 131-133°C; v,,,. (KBr)/cm™ 3408, 3327. 3260, 3204 (NH,). 2983. 2938. 2902, 2875
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03 7.0, 2X CH,). 1.50 (12H. s, 4X CH,). 3.27 - 4.24 (8IL.
CH,. 2 X CH and 2 X CH), 4.82(4H, s, 2 X CH,0), 6.57 - 7.

3
3]
X

Coloriess crystals. mp 188-190C; v, (KBr)/em™ 3385,
1S
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98, 1532, 1490 (Ar); &, (CDCI,) 2.93 (1H.d,.]9.2,CH),3.()7(3}"1_5.CH,).325(3H.
H |8

7.30 (16H, m, ArH); m/z 526 (M", 2%), 419 (10), 352 (6), 264 (6), 263 (5).
(50), 77 (21). Anal. for C,,H;\N,0,: Cal.(found) C, 77.54 (77.81); H, 5.74 (5.50); N, 10.64 (10.78) %.

Colorless crystals. mp 207-209°C; v,,,, (KBr)/cm™ 3395, 3318 (N11,), 3010 (ArH), 2980. 2923 (Cl11). 2245

max

(CN). 1638 (C=C-NH.,), 1595, 1548, 1494 (Ar); 8, (CDCl,) 2.22 (3H. s, CH,). 2.32
8.8. CH), 3.08 (3H, s, CH,), 3.22 (3H, s, CH,), 3.51 (1H, d, /9.0, CH), 5.28 (2H. br 5. NH,). 6.45 (2H. d. ./ 7.8.
ArH). 6.71 (2H, d. J 6.0, ArH), 6.82 ~ 7.32 (14H, m, ArH); m/z 554 (M', 3%), 449 (6), 448 (22). 447 (23). 421
(9). 313 (11), 135 (10), 134 (100), 107 (90), 106 (53), 77 (21). Anal. for C,H;,N,O,: Cal(found) C. 77.95
(78.09); H. 6.18 (6.02); N, 10.10 (10.38) %.
2-Amino-1,3-di(N-methyl-N-phenylaminocarbonyl)-r-3-cyano-trans-4,5-di(4-chlorophenyl)cyclopentene
Te

Colorless crystals. mp 201-203°C; v, (KBr)/em™ 3401, 3314 (NH,). 3057 (ArH). 2975, 2940 (CH1). 2220
(CN), 1631 (C=C-NH,), 1591, 1548, 1491 (Ar); §,, (CDCl;) 2.95 (1H, d..J9.1. CH), 3.09 (3H. s. CH.). 3.24 (3H.
s. CH.), 3.53 (1H, d, J 9.0, CH), 5.41 (2H, br s, NH,), 6.45 (2H, d, J 8.3, ArlI), 6.69 (2H. d. J 6.1. ArH). 6.90

(2H, d. J 8.0, ArHl). 7.03 (2H, d

14 L8, s S SAIIR ). e

,J 8.3, ArH). 7.22 ~ 7.37 (10H, m, ArH); m/z 596, 594 (M, 6. 9%). 490 (11),

489 (27). 488 (18), 487 (36), 460 (9), 297 (9), 134 (72). 107 (100), 106 (48). 77 (22). 44 (21). Anal. for
C,,H..N,0.CL: Cal.{found) C, 69.79 (70.03); H, 4.56 (4.50): N, 9.04 (9.28) %.8



2-Amino-1,3-di(V-methyl-N-phenylaminocarbonyl)-r-3-cyano-trans-4,5-di(4-fluorophenyl)cyclopentene

7.1
a

Colorless crystals. mp 195-197°C; v,,,, (KBr)/cm™ 3407, 3305 (NH,). 3045 (ArH). 2960. 2927 (CH). 2335

(CN), 1640 (C=C-NH,), 1596, 1509, 1440 (Ar); 3, (CDCL) 2.97 (1H,d..J9.0. CH), 3.09 (3H, s, CH,). 3.26 (3H.

__, LR g O IR R Py ¢ 18 W U

max

s T ~ Prgy

s, CH.), 3.58 (iH, d. /9.2, CH), 5.39 (ZH, br s, NH,), 6.47 ~ 7.37 (18H, m, ArH): m/z 562 (M. 1%). 280 (11).
279 (13). 187 (3), 185 (5). 177 (13), 174 (29), 146 (17), 134 (46), 121 (22). 117 (18), 107 (100). 106 (45). 85

41 (30). Anal. for C,;H,,N,O,F,: Cal.(found) C, 73.71 (73.95): H. 4.81 (4.77): N. 9.55

bV e

Colorless crystals. mp 208-210°C; v, (KBr)/em™ 3425, 3325 (NIL,). 3040 (ArH), 2980. 2936 (CH).

max

2320 (CN). 1645 (C=C-NH,). 1590, 1550, 1450 (Ar); 8, (CDCL,) 2.95 (1H. d. /9.1, CH). 3.05 (3H. s. ClI,),

P 3 o]

II\ :Ac ]
U, J 7.

2 211 o f““l Y C( III] 21 T O £ ~” | I N L A0 /MTT 1 T
.23 (3R, s, CH,). 2,56 (iH, d. ./ 8.6, . 5 (2H, br s, NH,), 6.48 (ZH, d. J

(3

ArH). 6.65 ~ 7.34 (14H, m, ArH); m/z 686, 684, 682 (M', 0.5, 1, 0.5%), 577 (9). 255 (2). 178 (3), 134 (58). 108
(11). 107 (100), 106 (49). 77 (18). Anal. for C,,H,xN,0,Br,: Cal.(found) C. 61.03 (61.20): H. 3.98 (+.18): N.

7.91 (7.68) %.

Crystal data for diethyl 2-amino-r-3-cyano-frans-4, cis-5-
di (4-chlorophenyl)-1,3-cyclopentenedicarboxylate 5d
C,,H,.N,0,Cl,, M = 473.35, Monoclinic, space group P2, /c (#14), crystal dimensions 0.20 X(0.20x0.30

mm. colorless prismatic crystal, a = 6.924(1), b= 33.176(8). ¢ = 10.647(3) A. B = 99.93(2)° . 1/ = 2409(1) A’

20 < 21.57° , Z =4, Dc = 1.305 g em™, F(000) = 984.00. Data collection and processing. Rigaku AFC7R

A e a0 o bt L a  RA i 74 I L — N MINID ;\\ SNA " Y — 7 4\ | 11270
aiffractometer, graphite monochromatea M, - K, radiation (A = 0.71069 A), p(Mo - K,) = 3.01 cm™. 4159
reflections measurced, maximum 26 value of 50.0° , 3767 unique reflections measured (R, = 0.027). 2400 of

these with 7> 2,00 o (/) used in refinement. Azimuthal scans of several reflections indicated no need for an

absorption correction. The data were corrected for Lorentz and polarization effects. A correction for sccondary

~42

refinement. The structure was solved by direct methods using SHELXS-86" and expanded using Fourier

technique.” The nen-hydrogen atoms were refined anisotropically. Hydrogen atoms were included but not



variable parametiers. Refinement converged at a final R = 0.051 and R, = 0.063. Max/min peaks i1 final
difference map 0.37/-0.30. All calculations were performed using the TEXSAN crystallographic scftware

General Procedure for the Syntheses of Disulfides by Samarium Mediated Reduction of Sodium Alkyl

Thiosuifates in Aqueous Media

Under an inert atmosphere of nitrogen, powdered samarium (180 mg. 1.2 mmol) and sodium alkyl
f1 T

HE ¢
\

i

[

&)

n\’\ wag added
1y waos

tay it N one
i Wr i1

After saturated NH,Cl (aq.) (1 cm’) was added dropwise to the mixture via syringe within 1 h, the mixture was
stirred at room temperature for the time indicated in Table 5. After usual workup. the residue was then purified
by preparative thin layer chromatography on silica gei with petroieum ether as eluent to afford the product 9.
Dibenzyldisulfide 9a

mp 70°C (1it.* 71°C); v, (KBr)/em™' 3080, 3040 (ArH), 2980, 2940, 2870 (CH). 1610, 1590. 1300 (Ar):
3, (CCl,) 3.50 (4H, s, CH,), 6.87 - 7.33 (10H, m, ArH).

Didodecvidisulfide 9h

A7RREURELS Y AnsaS At

\J
[B)
~J

mp 30°C (1it.” 30°C ); v, (KBr))em™ 2980, 2960, 2880, 1470. 1385, 720: §,,(CCl,) 0.86 (6H.

ma\(

X CH,), 1.21-1.76 [40H, m, 2X (CH,),.], 2.61 (4H, t, J 7.0, 2 X SCH,).

oil (lit.®); v, (KBr)lem™' 2970, 2950, 2880, 1460, 1380, 720; §,, (CCl,) 0.85 (6H. t. J 7.1. 2> CH,).

Hnax

Dioctyldisulfide 9d
oil (1it.*); v (KBr)em™ 2975, 2960, 2880, 1460, 1380, 720; &, (CCl,) 0.88 (6H. t. J 7.0. 2 X CH,).

1THE

..-..- ,\A\,

.76 2411, m, 2 X (CH,),], 2.63 (4H, t,.J 7.0, 2 X SCH,).

1.20-1
General Procedure for the Syntheses of Alkenes by Samarium Mediated Reductive Debromination of
vic-Dibromides in Aqueous Media

Under an inert atmosphere of nitrogen, powdered samarium (180 mg. 1.2 mmol) and vic-dibromide (1.0
mmol) were placed in a round bottomed flask, and THF (5 cm’) was added to it in one portion. Afier saturated
NH,ClI (aq.) (1 cm’) was added dropwise to the mixture viag syringe within 1 h, the mixture was stirred at room

temperature for the time indicated in Table 6. After usual workup, the residuc was then purified by preparative

thin layer chromatography on silica gel with cyclohexane-ethyl acetate as eluent to afford the product 11.

trans-Stilbene 11a



mp 123-124°C (lit.* 123-124°C); v, (KBr)/em™ 3080, 3060, 3040 (ArH), 1610. 1500. 1460 (Ar): &,

Cyclohexene 11¢

Oil. bp 81-83°C (Iit.” 81-83'C); v,,,. (film)lem™ 3030, 2980, 2840, 1650, 1440, 720: §,, (CC1,) 1.47-2.48

(8H. m. 4 X CH,). 5.40 (2H, m, Vinyl-H).
trans-Ethyl cinnamate 11d

Oil hn 1201227
N7l. L |

V VT4 o

—~—
—

1500, 1460 (Ar): 8, (CCly) 1.30 3H, t, J 7.3, CH,), 4.18 (2H, q. J 6.8. CH,). 6.33 (1H. d.J 15.8. Vinyl-H).
7.20-7.73 (6H. m. ArH and Vinyl-H).
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