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Abstract. By action of Sm/TMSCI in THF at room temperature, aromatic carbonyl
compounds produce the corresponding 1,2-diols via reductive coupling reaction and
1,1-dicyanoalkenes produce the functionalized cyclopentenes through reductive
dimerization followed by intramolecular cyclization in one-pot. The former gives
approximately equal amounts of (dl)- and (meso)-1,2-diols and the later gives the
major trans-form products. Added micro amounts of water to the system not only can
accelerate the reaction, but also increase the yields of products. Moreover, only
substoichiometric quantities of metallic samarium are employed. © 1998 Elsevier Science
Ltd. All rights reserved.

is.' Since pioneering

studies by Kagan and his group demonstrate the particular effectiveness of Sml, as a mild, neutral, and ether-

been extensively documented, such as the deoxygenation of sulfoxides’ and epoxides,® the reduction of
organohalo compounds,’ the homocoupling allylic or benzylic halides,’ acid chlorides,” carbonyl compounds,®
the Barbier reaction,” and the Reformatsky reaction,' etc.. However, some problems are encountered when it
is used as a reductant. Though Smli, 1s a useful reagent, storage is difficult because it 1s very sensitive to air
oxidation and in general, it has been used invariably in stoichiometric amounts. On the other hand, metallic

samarium is stable in air and its strong reducing power (Sm*"/Sm = -2.41V) is similar to that of magnesium

I,

(Mg '/

. x 7

Mg = -2.37V), and superior to that of zinc (Zn**/Zn = -0.71V). These properties prompted us to use the

more convenient and cheaper samarium directly as a reductant instead of samarium(ll) iodide. Recently, there
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Ishii and co-workers have shown that metallic tin reacts with allylic alcohols in the presence of

iodotrimethylsilane (Me;Sil) derived from chlorotrimethylsilane and sodium iodide (Me,SiCl/Nal) to form an
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the corresponding homoallylic alcohols in good yields under ambient temperature." Most recently.

Sm/Me;SiCl/Nal and Sm/Me,SiBr system have been used for intermolecular carbon-carbon bond formation

carbonyl compounds to form pinacols 2 and 3, and reductive dimerization cyclization of 1,1-dicyanoalkenes to

afford functionalized cyclopentenes 5§ and 6 in one-pot at room temperature.

o (l)H OH ?H Il{
i | i i |
I L SmIMSCUTHF/HpO(race) | L L 0 o b A
Ar- SR 2. HyO quenching l ' ] '
R R R OH
1 2(meso) 3(dD)
A R T
Ary /CN | SmVTMSCYTHF/H,O(trace) o \/\ Ar \/\0\
% TN S TV S
R/ —\r*'N 2 HzQ quenchmg Al /\ “ A i/ _C_N
kC” CN ReN
4 S(cis) &{trans)
DECIIT TC AN NICAATICCINNT
NLEAODUVILLID AL 71OV U1V

Ynmario adAitions vrans vioad 3
v TUUD Attt ved WOiG Udlu )

1. We have found that, in the absence of any additive, aromatic carbonyl compounds can be reduced to the

corresponding 1,2-diols, and 1,1-dicyanoalkenes to the functionalized cyclopentenes, but the reactions need
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Tabie 1. Effects of Additives on the Sm/TMSCi Rwumo System Using 4-Chiorobenzaldehyde
_1

aemAd 1 M imcimemm Y £A LT Iy el I Qb a e TR Lt ..a
and 1,1-Dicyano-2-(4-chlorophenyljethene as Model Substrate R spectively”
Entry Additive Pinacaolic Coupling Reductive Dimerization Cyclization
Time(h) Yield(%)"° Time(h) Yield(%)"
1 no 15 40 15 50
- +_D,.MNLIC 19 LA 11 £
“ (RS 513 U s | 'S U il 0L
3 i-PrOH°¢ 9 74 9 80
4 MeOH® 6 75 6 78
g 11 Nd o} 01 2 an
2 l_lz\.l 2 [« 8] J YU
6 Nal® 9 57 9 60
7 HMPA! 9 54 9 55
a. Reaction conditions: substrate | mmol, Sm 0.75 mmol, TMSCI 0.5 ml, THF 4 mi r. t.. b. Isolated yields
c. ROH : substrate =4 : 1. d. H,O:substrate=1:1. e, Nal:substrate=1:1. f HMPA 0.2 ml.

-

N
80 —&— pinacolic coupling of 4-
70 chlorobenzaidehyde

% 50 { / \\ —a—reductive dimerization
@ cyclization of 1,1-dicyano-
> ;g '( \t 2-(4-chiorophenyi)ethene
20
10
0
0 10 20 30 40
H,Ol)

Fig. 1. The effect of added of water on the Sm/TMSCI reduction system

Reaction conditions: substrate 1 mol, Sm 0.75 mmol, TMSC! 0,5 ml, THF 4 ml, r.t.

The Effect of the Amount of Metallic Samarium on the Reduction System

Table 2 summarizes the results. To samarium(Il) iodide reduction or metallic samarium directly as a
reductant, excess or stoichiometric amounts of samarium were used, in general. When Sm/TMSCI/H,O(trace)
system was the reductant in the pinacolic coupling of aromatic carbonyl compounds and in the reductive
dimerization cyclization of 1,1-dicyanoalkenes, only substoichiometric amounts of Sm (Sm/substrate = 1/2 ~
3/4) were used to complete the reaction. When the stoichiometric or superstoichiometric quantities of Sm

(Sm/substrate = 1/1 - 2/1) were used, the yield of product was not increased.
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4-Chlorobenzaldehyde and 1,1-Dicyano-2-(4-chlorophenyl)ethene as Model Substrate®

Sm/Substrate Yield(%)®
Pinacolic Coupling Reaction Reductive Dimerization Cyclization
1/1 81 90
0.7511 83 89
0.5/1 83 88
1.511 84 89
2/1 82 88

a. Reaction conditions: substrate 1 mmol, TMSCI 0.5 ml, THF 4 ml, H,O 18 ul, r. t.. b. Isolated yields.

Reductive Coupling Reaction of Aromatic Carbonyl Compounds

In order to ascertain the potential of Sm/TMSCI reduction system accelerated by trace amounts of water,
various carbonyl compounds were reacted and the results were shown in Table 3. Table 3 indicates that
aromatic aldehydes and ketones react easily with Sm/TMSCI/H,O(trace) and give the corresponding 1,2-diols
in good yields. The ratio of d//meso is nearly 1/1 (‘H NMR). Aliphatic aldehydes and ketones fail in the

reaction.
Table 3. Reductive Coupling Reaction of Aromatic Carbonyl Compounds
Entry Substrate Yield(%) * dl:meso "
8 CH,CHO 82 55:45
9 p-CIC,H,CHO 83 56:44
10 p-CH,C,H,CHO 78 54:46
11 p-BrCH,CHO 83 50:50
12 m-BrC,H,CHO 80 52:48
13 C,H,COCH, 80 50:50
14 Q . - -
15 o - -
A,

a. Isolated yields. b. Ratios determined by 'H NMR.

Reductive Dimerization Cyclization of 1,1-Dicyanoalkenes: One-pot Syntheses of Functionalized
Cyciopentenes

The enamine is one of the important synthetic intermediate in organic synthesis."” It is not only an
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intermediate for the indirectly selective alkylation or acylation of an aldehyde or ketone,'® but it also can be
converted into carbonyl compound, or into a carboxylic acid or its derivaties.'” It is well known that the
Thorpe-Ziegler method is an effective synthetic route to enamino-nitriles.'® The base-catalyzed condensation
of two molecules of nitriles, or cyclisation of a dinitrile yields imines which tautomerize t0 enamines, but

usually a strong base such as sodium ethoxide or sodium methyl anilide is used in the reaction. It is desirable

to develop milder methods for enamine preparation. In order to expand the scope of the Sm/TMSCI/H,O{trace)
reduction system, we have examined the reductive dimerization cyclization of 1,1-dicyanoalkenes. The results

are listed in Table 4.

Table 4. Reductive Coupling Cyclization of 1,1-Dicyanoalkenes(4)

Entry Ar R Yield(%)® 6/5°
16 CH, H 85 85/15
0° -
17 p-CH,C.H, H 82 90/10
18 p-CH,0CH, H 78 80/20
19 p-BrCH, H 87 88/12
20 p-CIC,H, H 90 85/15
21 p-FCH, H 86 80/20
22 p-CF,C,H, H 90 90/10
23 m-BrC H, H 83 80/20
24 0-BrC H, H 80 75/25
25 CH, CH, 70 60/40
26 p-BrC H, CH, 72 60/40

a. Isolated yields. b. Ratios determined by '"H NMR. ¢. Without Me,SiCl.

From Table 4, it is seen that substrates 4 derived from aromatic aldehydes give the products 5 and 6 in
good to excellent yields at room temperature, with the frans-isomer 6 is in the majority. The ratio of trans/cis

falls in the range of 75/25 to 90/10. Substrates 4 derived from aromatic ketones give 5 and 6 in moderate

yields with trans/cis ratios 60/40. When 4 is derived from aliphatic aldehydes or ketones, no reductive

determined from the intensities of benzylic protons in 'H NMR spectra (entries 8-12), in which the protons of
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d! isomer appeared at a higher field, compared to that of the meso isomer, and from the intensities of methyl

protons in 'H NMR s spectra (entry 13), in which the methyl protons of dl isomer appeared at hig
that of the meso isomer.”
The configuration of 5 and 6 was determined by 'H NMR and NOE spectra. I

n
and 6 were in the range of 7-8

counling constants of the two nrotons on the ring in substituted cvclopentene 5§ an re in the ran, 8
LURpLiy ML v =3 J r
Hz and 9-10 Hz respectively (entries 16-24). The two protons with J values of 7-8 Hz are oriented cis to each

other, and there exists a strong NOE effect between the signal in the NOE spectra, while the two protons with

I values of 9-10 Hz are oriented trans to each other, and no NOE effect was found between them.

oo 1. : 1 R LTI LR LI, SN I SRS B G, 3 B

The ratios of 6/5 were determined from the intensities of the methene protons (eniries 10-44) or methyi

protons (entries 25-26) in 'H NMR.

Reaction Mechanism

When chlorotrimethylsilane reacts with metallic samarium powder in THF under nitrogen atmosphere at
room temperature, the samarium partly dissolved and the solution became light blue-green. As trace amounts
he mixture, the remaining samarium powder was gradually consumed. This result is

similar to that of Sm/Me,SiCl/Nal or Sm/Me,SiBr." In the pinacolic coupling reaction of aromatic aldehydes

and ketones, the reaction mechanism with Sm/TMSCI/H,O(trace) is the same as that with Sml,.”* A possible

rinmlinmiosn Fae tlha €Armrntinm ~L & nmd £ 1 Anmimtad 31 Qala P | - -~ mnimn ~Ftha alantones A et
THOGILAlLIDIE UL LT 1ULIIAaLIULL 1 0 aid v 1y UCPILLCU 1 DULICINC 1. /) Talliu AllIUILI Ul UIC CICLU UI-UCLIVICIIL
Ar ,CN . Ar, ,C
> ( SET ) > < coupung
R ‘CN R ‘CN
CN CN Sm(ii)
R | C=N R pe

Ar /1/91/\ ‘_\ cyclization Ar/:]/g é 1. protonation .

Aredl o ) Af\_.S( 2.tautomerization
R e R ¢ ON
! 1
°N CN__Smll)
a [eEN S
E : ~ \ .
R ,\/cla/ ‘\ cyclization Rfl/\=‘.3, ._protonation _ 6
— > —_— = —
Ar\L r.v"S“ﬂH) AF\J\/ N, tautomerization
S TUCN S/
R \E\J R &y CN

HI v

Scheme 1. A possible mechanism of the reductive coupling cyclization
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olefin may be formed by a one-clectron transfer process under the reaction conditions due to the electron
withdrawing property of CN group, and this reacts with another to form a dianion (coupling process).
Eventually, the dianion gives the functioniized cyciopentenes through cyciization, tautomerization and
protonation. From Scheme 1, we assume that anions I and III are key intermediates in the course of the

tormation of § and 6 respectively. Considering the sta anion I,

nd products, it i

&Giid pritSaliase

w
=]

bvious that 6 is
vious that 6 1s

(39224

e ST

easy to form. However, the reaction mechanism of trace amounts of water in the Sm/TMSCI reduction system

is not fully clear and a more detailed study is in progress in our laboratory.

We have demonstrated Sm/TMSCI/H,O(trace) system can be used to mediate the reductive couplin

aromatic carbonyl compounds and the reductive dimerization cyclization of 1,1-dicyanoaikenes to form the
corresponding 1.2-diols and the functionalized cyclopentenes respectively. The notable advantage of this

method are mild reaction condition, simple operation, high yields.

EXPERIMENTAL

'H NMR spectra were recorded on a Brucker AC-80 instrument. All NMR samples were measured in
CDCl, using TMS as internal standard. IR spectra were obtained on a Perkin-Elmer 683 infrared
spectrophotometer as KBr discs. The IR peak intensities were recorded as w (weak), m (medium) and s
(strong). Mass spectra were determined on a Finnigan MAT GC/MS spectrometer. Elemental analyses were
carried out on a Carlo-Erba 1106 instrument.

Metallic samarium, aldehydes and ketones were purchased from commercial sources and used without
purification. Chlorotrimethylsilane was redistilled prior to use and kept under inert atmosphere and molecular
sieve. THIFF was freshly distilled from sodium/benzophenone ketyl prior to use. 1,1-Dicyanoalkenes were

synthesized by the reaction of a carbony! compound with a malononitrile following the usual procedure.

General Procedure for Pinacolic Coupling Reaction of Aromatic Carbonyl Compounds

Under nitrogen atmosphere, metallic samarium powder (0.113g, 0.75 mmol) and aromatic carbonyl

dried over anhydrous Na,SO, and the solvent was removed under reduced pressure, the residue was then
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purified by preparative TLC on silica gel with petroleum ether/ether as the eluent.

General Procedure for the Syntheses of Functionaiized Cyciopentenes in One-pot
Under nitrogen atmosphere, metallic samarium powder (0.113g, 0.75 mmol) and 1,1-dicyanoalkene (1.0

mol) were

mmol) placed in a reaction flask d THF (5 ml) were added .Then H,0O (18 pl) w:

1 gkl 122 2 % 1 i1gan All PSS s 222 2 LS Wit QLIRS L 23 LA wWas

N

added to the mixture and the resuiting mixture was stirred for 3 h at room temperature until the powdered
samarium was almost consumed. Water (2 ml) was added to quench the reaction and the mixture was extracted

with ether (20 ml x 2). After the extracts were washed with brine, dried over anhydrous Na,SO

solvent was removed under reduced pressure, the residue was then purified by preparative TLC on silica gel

with cyclohexane/ethyl acetate as the eluent.

1,2-diphenyl-1,2-ethanediol(di- and meso-): 'H NMR & 3.03(2H, s, OH, this signal disappeared by adding
D,0). 4.47(dl) and 4.63(meso)(2H, s, PhCH), 6.70 ~ 7.50(10H, m, Ar). IR v/cm™ 3100 ~ 3600(s).

1,2-di(4-chlorophenyl)-1,2-ethanediol(dl- and meso-): 'H NMR & 3.23(2H, s, OH, this signal disappeared
by adding D,0), 4.40(d!) and 4.63(meso)(2H, s, PhACH), 6.70 ~ 7.40(8H, m. Ar). IR v/cm™ 3100 ~ 3600(s).

1,2-di(4-methylphenyl)-1,2-ethanediol(dl- and meso-): 'H NMR & 2.14(6H, s CH;), 3.13(2 H., this
ona ,I nnnnnnnnn A hy adding NN A ARUAN and A 8Q(1moenMIL] ¢ DhOLN A& TN ~ 7 AWERLT sv A IR oy/oan!
El bapyccucu U_y auuxus Uz\J}, 70Ul ) alild "P.JD\I 10D I’\Lll, D, LIHNL1), U IV f.JWU(O11, 111, ru) 1IN vieall

3100 ~ 3600(s).

1,2-di(4-bromophenyl)-1,2-ethanediol(dl- and meso-): 'H NMR 8 2.95(2H, s, OH, this signal disappeared

h g LA R |

1 11 ™ M\ ir "1[\1, ,‘,\I"\ N ™ AY —~ AN/OT - Y m , ,‘\1’[\"“/!(\/\
by adding D,0), T0{meso)(2H, s, PhCH), 6 7.40(8H, m, Ar). IR v/em™ 3150 ~ 3650(s).

Zrs N L
Do(a)an

r{:;

1,2-di(3-bromophenyl)-1,2-ethanediol(dl- and meso-): 'H NMR & 3.25(2H, s, OH, this signal disappeared
by adding D,0), 4.50(d/) and 4.67(meso)(2H, s, PhCH), 6.60 ~ 7.50(8H, m, Ar). IR v/cm 3100 ~ 3600(s).

,,,,, JACZ SN

2,3-diphenyl-2,3-butanediol(dl- and meso-): 'H NMR & 1.40(d/) and 1.50(meso) (6H, s, CH;), 2.40(2H, s.
OH, this signal disappeared by adding D,0), 6.90 ~ 7.30(10H, m, Ar). IR v/em™ 3100 ~ 3600(s).

2-amino-1,3,3-tricyano-4,5-diphenylcyclopentene(cis- and trans-): Anal. for C,H,,N,: Calc.(found) C

-

1678(s). 1670(s), 1660(s), 1630(m), 1503(m), 1460(s), 696(s). 'H NMR § 3.75(d, J=9.4Hz, 0.
4.3 5

4.59(d, J=9.4Hz, 0.85H, trans-CH), 3.22(d, J=7.2Hz, 0.15H, cis-CH), 4.31(d, J=7.2Hz, 0.1
Lofo) nmd & AL Lo/ /1T NILT Y 77 1487+ 1NALT DL N NAQIETY s/ 211 LT D8 210N/AAT 100 7027120
DI{§) and J5.405 DIS) {4, NI}, 7.30W00, 1VUIL, 11 X &) VIS ) VL ST I\UVE T, 40), S1VIWVL 4 1UV), L0011D)
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156(16), 155(39), 128(16), 102(13), 101(13), 78(15), 77(27), 52(24), 51(49).

2-amino-1,3,3-tricyano-4,5-di(4-methylphenyl)cyclopentene(cis- and trans-): Anal. for C,,H,N,:

Calc.(found) C 78.08(77.87), H 5.36(5.60), N 16.56(16.74)%. IR v/cm™ 3380(br), 3223(br), 3048(m), 2950(m).

MY TEBNIY 1E£&1IN V1EASIN 1690 18007 1AL 12904 99 \ AT
222U(8), 106U(S), 1003(S), 1045(8), 10Luim), 1oUU{m), 140U(5), 1I6U(S), 620(m). 01 NMK

2.21(s, 3H), 3.84(d, J=9.4Hz, 0.90H, trans-CH), 4.60(d, J=9.4Hz, 0.90H, trans-CH), 3.20(d, J=7.2Hz, 0.10H,
cis-CH), 4.30(d, J=7.2Hz, 0.10H, cis-CH), 5.30 br(s) and 5.40 br(s) (2H, NH,), 7.17(m, 8H, Ar x 2). MS(EI)

m/z 339(M"+1, 16), 338(M", 100), 325(12), 324(25), 155(20), 115(14), 91(i2), 65(15) 51(12).

2-amino-1,3,3-tricyano-4,5-di(4-methoxyphenyl)cyclopentene(cis- and trans-):  Anal. for C,,H,;N,O,:

Calc.(found) C 71.34(71.57), H 4.90(4.66), N 15.13(15.01)%. IR v/em™ 3370(br), 3220(br), 3050(m), 2945(m),

3.81(s, 3.80H, CH,0- and frans-CH), 4.42(d, J=9.4Hz, 0.80H, frans-CH), 4.06(d, J=7.2Hz, 0.20H, cis-CH),
3.13(d, J=7.2Hz, 0.20H, cis-CH), 5.30 br(s) and 5.40 br(s) (2H, NH,), 7.08(m, 8H, Ar x 2). MS(EI) m/z

371(M'+1, 28), 370(M", 100), 369(34), 355(22), 339(35), 255(20), 199(30), 184(32), 171(65), 155(51),
142(32), 114(34), 77(38), 63(32), 51(36).

466(M, 50), 391(25), 390(33), 389(70), 388(35), 309(34), 308(47), 155(44), 77(24), 75(25), 51(27).

2-amino-1,3,3-tricyano-4,5-di(4-chlorophenyl)cyclopentene(cis- and frams-):  Anal. for C,H,,CL,N,:

t\}

2220(s). 1685(s). 1660(s), 1630(m), 1500(m), 1460(s), 828(m). 'H NMR & 3.75(d,
9.1Hz, 0.85H, trans-CH), 3.44(d, J=7.0Hz, 0.15H, cis-CH), 4.2
2

J=
nd 5.42 bris) (2H. NH.). 7.30(m. 8H. Ar x 2). MS(ED m/z 382(M"+
iu D52 WU \&ii, 1N L L) \ih ) UL JUL VL T

H.), 7.30(m, 8H, Ar
100), 345(36), 344(29), 343(52), 156(23), 155(58), 127(21),101(17), 77(26), 76(18), 75(33), 63(17), 52(15),
S1(25).

2-amino-1,3,3-tricyano-4,5-di(4-fluorophenyl)cyclopentene(cis- and trans-):  Anal. for C,H,F,N,:

Calc.(found) C 69.36(69.67), H 3.49(3.62), N 16.18(16.00)%. IR v/cm 3377(br), 3205(br). 3080(m). 2960(m).

2215(s). 1690(s), 1660(s), 1635(m), 1500(m), 1460(s), 820(m). 'H NMR & 3.60(d, J=9.4Hz, 0.80H, rrans-CH),

—
W
~3
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4.42(d, J=9.4Hz, 0.80H, rrans-CH), 3.13(d, J=7.0Hz, 0.20H, cis-CH), 4.12(d, J=7.0Hz, 0.20H, cis-CH), 5.28
br(s) and 5.40 br(s) (2H, NH,), 7.17(m, 8H, Ar x 2). MS(ED) m/z 347(M"+1, 14), 346(M", 100), 319(5),
318(5), 252(6), 175(5), 174(8), 173(20), 170(5), 147(5), 146(6), 109(6), 76(5), 75(10), 57(5), 51(5).

$-): Anal. for
C,H,,F,N,: Calc.(found) C 59.20(59.57), H 2.71(2.62), N 12.55(12.70)%. IR v/em™ 3380(br), 3220(br),
3070(m), 2950(m), 2220(s), 1690(s), 1680(s), 1660(s), 1640(m), 1520(m), 1460(s), 832(m). 'H NMR & 3.80(d,
J=9.2Hz. 0.90H, trans-CH), 4.63(d, J=9.2Hz, 0.90H, rrans-CH), 3.33(d, J=7.2Hz, 0.10H, cis-CH), 4.33(d,

J=7.2Hz. 0.10H, cis-CH), 5.33 br(s) and 5.42 br(s) (2H, NH,), 7.50(m, 8H, Ar x 2). MS(EI) m/z 447(M"+1,

2-amino-1,3.3-tricyano-4,5-di(4-trifluoromethylphenyl)cyclopentene(cis- and trans

16), 446(M", 100), 428(17), 379(8), 378(13), 377(23), 156(10), 155(25), 153(8), 69(11), S1(8).

2-amino-1,3,3-tricyano-4,5-di(3-bromophenyl)cyclopentene(cis- and trams-): Anal. for C,H,,Br,N,:
Cale.(found) C 51.31(51.57), H 2.58(2.79), N 11.97(12.20)%. IR v/cm™ 3375(br), 3210(br), 3080(m), 2960(m).
2222(s). 1685(s), 1665(s), 1640(s), 1500(m), 1460(s), 790(m), 700(m). 'H NMR & 3.57(d, J=9.4Hz. 0.80H,
trans-CH), 4.48(d, J=9.4Hz, 0.80H, trans-CH), 3.12(d, J=7.2Hz, 0.20H, cis-CH), 4.15(d, J=7.2Hz, 0.20H, cis-
CH), 5.48 br(s) and 5.60 br(s) (2H, NH,), 7.33(m, 8H, Ar x 2). MS(EI) m/z 470(M"+4, 44), 468(M'+2, 100),

466(M", 48), 390(22), 389(48), 388(33), 308(28), 156(18), 155(42), 128(19), 127(23), 101(17), 77(23), 76(33),
75(35). 63(20). 51(32).

2-amino-1,3,3-tricyano-4,5-di(2-bromophenyl)cyclopentene(cis- and trans-): Anal. for C,H,,Br,N,:

2210(s), 1690(s), 1660(s), 1630(m), 1500(m), 1460(s), 752(m). 'H NMR
53(d. J=9.0Hz, 0.75H, rrans-CH), 3.20(d, J=7.0Hz, 0.25H, cis-CH), 4

bt

443, 391(22), 390(37), 389(79), 388(42), 309(25), 308(47), 155(37), 77(24), 76(24), 75(25), 51(23).

2-amino-1,3,3-tricyano-4,5-dimethyl-4,Sdiphenylcyclopentene(cis- and trans-):  Anal. for C,,H N,
Calc.(found) C 78.08(77.87), H 5.36(5.12), N 16.56(16.80)%. IR v/cm™' 3380(br), 3225(br), 3050(m), 2950(m),
2225(s), 1685(s), 1660(s), 1600(m), 1500(m), 1460(s), 1380(s), 690(s). 'H NMR & 1.21(s, 0.40 x 3H, cis-CH,),
1.46(s, 0.60 x 3H, trans-CH,), 1.88(s, 0.40 x 3H, cis-CH,), 2.01(s, 0.6 = 3H, trans-CH,), 5.37(br, 2H, NH,),
7.10(m, 10H. Ph x 2). MS(EI) m/z 339(M"+1, 73), 338(M", 73), 323(18), 170(19), 169(42), 157(20), 156(45),
155(100), 128(18), 115(28), 103(18), 102(15), 78(25), 77(42), 52(27), 51(48).



Br,N,: Calc.(found) C 53.25(53.57), H 3.25(3.52), N 11.29(11.07)%. IR v/em™ 3370(br), 3230(br),

3060(m), 2960(m), 2220(s), 1690(s), 1660(s), 1600(s), 1520(m), 1460(s), 1380(s), 825(m). 'H NMR & 1.20(s
0.40 x 3H, cis-CH,), 1.47(s, x 3H, trans-CH,), 1.90(s, 0.40 x 3H, cis-CH,), 2.01(s, 0.6 =x 3H, trans-
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