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Formation of Pyrrole Derivatives from Heteroatom-Substituted Acetonitriles

Huey-Jiuan Jeng ( @FFESE ) and Jim-Min Fang* ( HEE )
Department of Chemistry, National Taiwan University, Taipei, Taiwan 106, R. 0.C.

Aminomalononitrile reacted with conjugated carbonyl compounds to give 3H-pyrrolines. Treatment of
2-chloro-2-phenylthioacetonitrile with alkenes in the presence of potassium t-butoxide afforded 1-
phenylthiocyclopropanecarbonitriles, which reacted with nucleophiles in 1,2-, 1,4- or 1,6-addition modes.
The 1,2-adducts {(cyclopropylimines) rearranged in situ to give substituted pyrroles.

INTRODUCTION

The chemistry of the cyano group has been reviewed.!
Heteroatom-substituted acetonitriles such as cyanohydrins,
aminonitriles, halonitriles and thicacetonitriles are versatile
reagents in synthetic chemistry.” For example, their a-car-
banions can function as acy! nucleophiles in alkylation, acy-
lation, carbonyl addition and Michael reaction. We describe
here the reactions of two hetercatom-substituted acetoni-
triles, aminomalononitrile p-toluenesulfonate 1 and 2-
chioro-2-phenylsulfenylacetonitrile 2, that iead to forma-
tion of pyrrole derivatives.

RESULTS AND DISCUSSION

Freeman and coworkers reported that reaction of T and
benzaldehyde in MeOH produces 4-amino-4-methoxy-1-
phtm.rl-2-a;:‘za-1,’3-butad'lene—B-(:arbonitrile.3 We found that
1 reacted with conjugated carbonyl compounds in a differ-

entmanner. When 1 was stirred with methyl vinyl ketone in
the presence of triethylamine (Scheme I), 5,5-dicyano-2-
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methyl-3H-pyrroline was obtained in 81% yield. The reac-
tions of 1 and «,p-unsaturated aldehydes also afforded the
corresponding 3H-pyrrolines 3b-e, although in smaller
yields. 3H-Pyrrolines are useful building blocks for synthe-
sis of alkaloids.* Formation of pyrrolines is presumably in-
itiated by 1,4-addition of the anion of 1 to conjugated car-
bonyl compounds, giving intermediate A, followed by intra-
molecular condensation of the amine and carbonyl groups.

Substitution of chloroacetonitrile with benzenethiol
gave 2-phenylthioacetonitrile, which was subject to chlori-
nation with sulfuryl chloride to afford 2-chioro-2-
phenylihioacetonitrile (2)." When 2 was treated with potas-
sium t-butoxide in the presence of various alkenes,” cyclo-
propanation products 4a-j were obtained (Table 1). The re-
action with ethyl vinyl ether (entries 1-7) was studied in de-
tail using varied bases (EtsN, PhLi, LDA or KOH) with or
without cosolvent HMPA, The cyclopropane 4a obtained in
most cases had the phenylthio and ethoxy groups on the
same face (cis-configuration). In 'H NMR spectra, the H-2
signat of cis-4a appeared at a lower field {8 3.94) than that
of trans-isomer (& 3.69) due to the deshielding effect of the
cyano group. When cis-d4a was treated with +-BuOK/t-
BuOH at 25 °C, a mixture of cis- and trans-isomers was ob-
tained in equal amounts after 24 h. However, no epimeriza-
tion of trans-4a occurred under the similar conditions, pre-
sumably because H-2 of fruns-isomer was blocked by the
phenylthio group on the same face.

Cyclopropanation with 2-methyl-1,3-butadiene (entry
11) occurred exclusively at the more substituted double
bond to give 4e, whereas reaction with [,3-pentadiene (entry
12) gave predominantly the cyclopropanation products 4f
from reaction at the terminal double bond. Yields of the cy-
clopropanation products were small, as the 1eaction was
generally accompanied by side-product bis(phenylthio)ace-
tonitrile and by recovery of starting material 2. In cyclo-
propanation with methyl acrylate (entry 13), 1,4-adduct 5
was also obtained in a small proportion.
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Table 1. Cyclopropanation of 2-Chloro-2-phenylthicacetonitrile 2 with Alkenes

Entry Alkene Reaction conditions Products (yield/%}
1 ethyl vinyl ether +-BuOK, THF, 25 °C, 24 h 4a (30, cis)
2 ethyl vinyl ether +-BuOK, THE/HMPA, 25°C, 21 h 4a (21, cis)
3 ethyl vinyl ether Phli, PhlVELO, 25 °C, 72 h da (32, cisftrans = 2.6}
4 ethyl vinyl ether PhLi, PhH/EGO/HMPA, 25°C, 21 h  4a (25, trans)
3 ethyl vinyl ether EtsN, THF, 25 °C, 48 § d4a (12, cisftrans = 1)
6 ethyl vinyl ether LDA, THF,-78 "Ct1025°C,16h 4a (6. cis)
7 othyl vinyl ether KOH, Hy(3, ultrasound, 4 °C, 5 |k -
g butyl vinyl ether +BuOK, THF, 25°C, 24 h 4h (29, cis)
9 2-methoxypropene t-BuOK, THF, 25°C, 24 h 4e (26, cishirans = 1)
10 3.4-2H-pyran -BuOK, THF, 25 °C,24 h 4d (16, exo/endo = 1)
11 2-methyl-1,3-butadiene t+-BuOK, THF, 25 °C, 24 h 4e (30, cisftrans = 1}
12 1,3-pentadiene -BuOK, THF, 25 °C, 24 h 4f (24, trans/cis = 2) + 4g {6)
13 methyl acrylate +BuOK, THF, 25°C, 24 1 4h (18, cis) + 5 (2)
14 methy] methacrylate t-BuOK, THF, 25°C, 24 b 4i (16, cis/trans = 1)
15 acrylonitrile -BuOK, THF, 25°C, 24 h 4j (6, cistrans = 1)

The cyclopropanation products generally existed as
mixtures of cis- and frans-isomers except 4b or 4h having
only the cis-configuration. The stereochemistry was tenta-
tively assigned by analysis of 'H NMR spectra as for 4a.
For example, the H-2 signal of cis-4b appeared at 8 3.93
near the value & 3.94 of the corresponding signal in cis-4a.
The C-3 methyl group in cis-4c occurred at a lower field &
1.74 than that in trans-dec (8 1.64). The two H-3 signals in
cis-4¢ had similar values (& 1.67 and 1.60). The two H-3
signals of rrans-4¢ occurred, however, at & 1.96 and 1.28 as
ong proton was concurrently deshielded by the cyano and
methoxy groups, whereas the other was shielded by the
methyl and phenylthio groups. The H-1 signal in exp-4d
displayed at & 4.01, whereas the H-1 signal in endo-4d ap-
peared at a lower field 8 4.28 because of the deshielding ef-
fect of the cyano proup.

According o the above results, 2-chloro-2-phenyl-
thicacetonitrile might eliminate HCI to give phenylthioace-
tonitrile carbene intermediate B,® which reacted with the
electron-rich alkenes to afford cyclopropanation products
4a-g (Scheme II}. The cyclopropanations with electron-
deficient alkenes giving 4h-j, however, likely proceeded
with addition and elimination via intermediates C and D’
Isolation of 1,4-addition product 5 supports this mecha-
nism. In the presence of base, 2-chioro-2-phenylthioace-
tonitrile might also eliminate PhSH, which counterattacked
2 to give his(phenylthio)acetonitrile.

Functionalized cyclopropanes have attacted chemists’
interests for both synthetic and theoretical aspects.’® We in-
vestigated the nucleophilic reactions of 2-phenyihiocyclo-
propanecarbonitriles 4a-c and 4g (Table 2}, and found 1,2-,
1.4- and 1,6-additions occurred in appropriate cases.'
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Grignard reagent CHaMgCl attacked 4a exclusively at the
cyano group (1,2-addition) at -78 °C to give cyclopropyl-
imine anion E, which rearranged to pyrroline ¥ and led o
pyrrole 6 in 60% yield (Scheme HI). When the reaction was
carried out at 25 °C, 6 and 1,4-addition product 9 were ob-
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Table 2. Nucleophilic Reactions of Cyclopropanecarbonitriles 4a-c and 4g

Reactant Reaction conditions Products (yield/%)
4a CH:MgCl E60, 78 ‘C {10 min)to 25 "C over Zh 6(60)

4a CHaMeCl B0, 25 *C, 40 min 6{30}+ 9 {22}
4a BuLi, THF, 25 °C, 24 h 7{35)

4a NaBHi, MeOH, 25 °C, 48 h 10 (70}

4b CHsMgCl, EtO, -78 "C (10 min) to 25 "Cover 2 h 6 (40)

4b Buli, THF, 25°C, 24 h 7 (28}

4b NaBH,, MeOH, 25 °C, 48 h 11(72)

4c CH-MgCl, Et;0, -78 "C (10 min) to 25 "Cover2h B(5T)

4c NaBH,, MeOH, 25 °C, 48 h 12 (76}

ig CHMgCl, Et,O, -78 °C (10 min) to 25 "C over2h 13 (58)

tained in 30% and 22% yiclds, respectively, The reaction
of 4a with butyllithium gave exclusively pyrrole 7, either at
-78 "Cor 25 °C. Treatment of 4a with NaBH, in MeOH re-
sulted in 1,4-addition of MeOH, giving acetal 10 instead of
areduction product. In these L 4-addition reactions, the nu-
cleophile invariably attacked the cyclopropane ring at the
carbon having an alkoxy substitvent. Compounds 4b and 4¢
behaved similarly in nucieophilic reactions with CHsMgCl,
BuLi or NaBHs/MeOH. Vinylcyclopropanecarbonitrile 4g
reacled with CHsMgCl, however, exclusively in the 1,6-ad-
dition mode to give 13 in 58% yield. Compounds 14 and 1%
can be considered as derivatives of 1,3-propuncdial with ong
site protected as acetal and the other activated as thioace-
lonitrile umpolung,.

We found also that a pyrroliding 17 was obtained by
intramolecular Michael reaetion of aminonitrile 16. Ami-
nonitrile 16 containing the moiety o, -unsatorated ester
was prepared from a Wittig-Horner reaction of the corre-
sponding aldehyde (Scheme I'V). On treatment of 16 with a
base LDA, the formed amijnonitlile o-anion underwent in-
tramolecular Michael addition and the intermediate was
trapped with an electrophile diphenyldisuifide to give pys-
rolidine 17 in 44% yield. We previously reporied prepara-
tion of 2-(N-methylanilino)-2-phenylthioacetonitrile by the
reaction of the w-anion of 2-(N-methylanilino)acetonitrile
with PhSSPh." 1n the case of 16, the intramolecular Mi-
chael reaction appeared more rapid than sulfenylation with
PhSSPh. A side-product 18 was obtained, presumably de-
rived from counterattack of the released benzenethiofate ion
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ard. “C NMR spectra were recorded at 50 or 75 MHz.
Mass spectra wete recorded (Finnigan TSQ46¢ spectrome-
ter) at an ionizing energy 70 eV or 20 &V. High-resolution
mass spectra (HRMS) were recorded on a JEOL JMS-HX
110 spectrometer. HPLC was preformed on a chroma-
tograph (Hitachi L-6200) with a pu-Porasil column (7 mm,
25 cm x 0.78 o) with a rate 5 mb/min of flow of eluent.

Aminomalononitrile p-tolenensuifonate 1 was pur-
chased (Aldrich, U.8.A)). 2-Chlorophenylthioacetonilrile 2
was prepared by chlorination of 2-phenylthioacetonitrile
with SO,CL,.*
5,3-Dicyano-2-methyl-3H-pyrroline 3a

To a suspension of aminomalononitrile p-toluenesul-
fonate (380 mg, 1.5 mmol) in CH,Cl, (5 mL} was added
EtN (0.45 mL, 3 mmol). The salt dissolved, methyl viny}
ketone (0.08 mlL, 1 mmol) was added, and the clear solution
was stirred at 25 °C for 4 h. The reaction mixture was
washed with water and brine. The organic phase was dried
{Na,30.), filtered, concentrated and chromatographed on a
silica-gel column with eluent BtOAc/hexane (20:80) to give
3a (107 mg, 81%). Oil; IR (neat) 2251, 1628 cm’'; "H NMR
(CDCL:) 8296 2H,,J=7.THz),275 2 H,t, J=7.7 Hz),
2.23 (3 H, s); "C NMR (CDCls) 8 186.3 (s), 114.2 (s), 62.7
{s),39.7 (1), 36.1 (1), 19.5 (q); MS m/z (rel intensity) 133
(M, 27), 105 (100); HRMS caled for GHN; (MY
133.0640, found m/z 133.0632.
5,5-Dicyano-4-methyl-3H-pyrroline 3b

Condensalion of aminomalononitrile p-toluenesulfon-
ate with crotonaldehyde by a procedure similar to that for 3a
gave the corresponding pyrroline 3b in 30% yield. Qil; IR
{neat) 2249, 1610 cm™; '"H NMR (CDCls) & 8.01 (1H,s),
3.14(1 H,dd, /= 12.1,4.5 Hz), 3.01 (1 H, m), 2.63 (1H, dd,
J=12.1,4.7 Hz), 1.42 (3 I, d, J = 4.8 Hz}; °C NMR
(CDCls, 50 MHz) 8 176.7 (s), 114.0 (s), 113.3 {s), 53.4 (s),
44.8 (t), 42.3 (d), 15.8 (g} MS m/z (rel intensity) 134
(M'+1, 31), 105 (26), 91 (69), 54 (100); HRMS calcd for
C7HaN5 (M®) 133.0640, found m/z 133.0672.
5,5-Di¢:yano-3,4-dimetbyl-3H-pyrroljne 3¢

Condensation of aminomalononiirile p-toluenesulfon-
ate with tiglic aldehyde by a procedure similar to that for 3a
gave the corresponding pyrroline cis-3¢ in 7% yield, Oil; IR
(neat) 2241, 1689, 1609 ¢m’'; '"H NMR (CDCL) 6792 (1 H,
$),3.26(1H,dq,/=7.8,7.5Hz, H-3),2.99 (1 H, dq, /=738,
7.3 Hz, H4), 134 3H,d, 7= 7.3 Hr), 1.19 (3H,d,7=75
Hz); C NMR (CDCls) 8 180.8 (d), 114.1 (s), 112.3 (3), 53.1
(s), 47.9 (d), 45.2 (d), 11.9 (@), 11.7 {q}; MS m/z (rel inten-
sity) 146 (M"-1, 8), 132 (50), 68 (100); HRMS calcd for
CsHyN3 (M") 147.0796, found m/z 147.0793.
5,5-Dicyan6-4,4-dimethyl-BH-pyrroline 3d

Condensation of aminomalononitrile p-toluenesulfon-
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ate with 3-methyl-2-butenal by a procedure similar to that
for 3a gave the corresponding pyrroline 3d in 8% yield.
Oil; IR (neat) 2231, 1610 cm”’; "H NMR (CDCls) § 8.01 (1
H,s),2.79 (2 H, 5}, 1.43 (6 H, 5); C NMR (CDCl3)  176.7
(d), 116.1 {s), 112.0 {s), 59.1 (s), 51.1 (1), 47.5 (s), 24.6 (q);
MS m/z (rel intensity) [46 (M1, 29), 132 (79), 68 (100);
HRMS caled for CgHyNs (M) 147.0796, found m/
147.0832.
5,5-Dicyano-3H-pyrroline 3e

Condensation of aminomalononitrife p-toluenesulforn-
ate with acrolein by a procedure similar to that for 3a gave
the corresponding pyrroline 3e in 32% yield. Oil; IR {neat)
2217 (CN), 1616 cm™; 'H NMR (CDCly) § 8.02 (1 H, s, H-
2),3.05(2H,t,J=80Hz, H-3),2.70 2 H, t, /= 8.0 Hz, H-
4); "C NMR (CDCly) § 176.2 (d, C-2), 113.9 (s, CN), 63.1
(s, C-5), 38.1 (1, C-3), 34.6 (t, C-4); MS m/z (re) intensity)
119 (M", 31), 91 (100); HRMS calcd for CoHsNy (MY
119.0483, found msz 119.0477.

Exemplary Procedure for Cyclopropanation of 2-
Chloro-2-phenylthioacetonitrile with Alkenes

To a solution of t-BuOK (340 mg, 3 mmol) in THF (7
mL) was added sequentially ethyl vinyl ether (3 mL, 30
mmol) and 2-chloro-2-phenylthioacetonitrile (550 mg, 3
mmol). The dark brown solution was stirred for 24 h at 25
"C. Water was added, the reaction mixiure was concen-
trated and extracted several times with CH,Cl,. The organic
phase was washed with brine, dried (Na:SOy), filtered, con-
centrated and chromatographed on a silica-gel column by
elution with EtOAc/hexane (2:98) 1o give the cyclopropana-
tion product cis-4a (197 mg, 30%). The results of reactions
with other alkenes are listed in Table 1,
2-Ethoxy-1-phenylthiocyclopropanecarbonitrile 4a

Cis-isomer: (il, TLC (EtQAc/hexane, 5:95) Ry=0.14;
IR (neat) 2336 (CN) em™; "H NMR (CDCls) §7.59-7.3 (S H,
m),3.94(1 H, dd, J=7.0, 5.6 Hz, H-2), 3.62 (2 H, q,7=7.0
He), 1.86 (1 H, dd, J=7.2, 7.0 Hz, H-3), 1.50 (1 H, dg, J =
7.2, 5.6 Hz, H-3), 1.26 (3 H, t, J = 7.0 Hz): °C NMR
(€DC13) 8133.1 (s), 130.9(d,2C), 129.2(d, 2 C), 1279 {d),
120.9 (s, CN), 68.1 (t, -OCH;-), 65.3 (d, C-2),24.9 (1, C-3),
18.8 (s, C-1), 14.7 (g); MS m/z (rel intensity) 219 (M*, 48),
190 (39), 162 (100), 135 (95), 110 (45), 91 (21), 82 (21).
Trans-isomer: Oil, TLC (EtOAc/hexane, 5:95) Ry= 0.23; IR
(neat) 2336 cm™'; 'H NMR (CDClL) 8 7.57-7.26 (5 H, m),
3.69(1 H,dd,J=6.9,4.7 Hz),3.56 (2 H, q, /= 7.0 Hz), 1 .89
(1H,dd, 7=69,47Hz), 1.55 (1 0, , J= 6.9 Hz), 1.26 (3
H, t, J=7.0 Hz); "C NMR (CDCly) 8 132.5 (s), 131.9 (d),
129.4 (d), 128.7 (d), 119.6 (s), 67.5 (1), 66.8 {d), 25.7 (1),
19.9 (s), 14.8 (g); MS m/z (rel intensity) 219 (M*, 44), 190
(44), 162 (100), 135 (95), 110 (45), 91 (23), 82 (20), HRMS
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caled for C;HisNOS (M™) 219 0718, found m/z 219.0706.
2-Butoxy-1-phenylthiocyclopropanecarbonitrile 4b

Cis-isomer: Oil, TLC (EtQAc/hexane, 5:95) Ry=0.24;
IR (neat) 2221 e, "H NMR (CDCL) 8 7.57-7.29 (5 H, m),
393 (1 H,4dd, J="7.1, 5.6 Hz), 3.65-3.45 (2 H, m), 1.85 (1
H,dd, f=72,7.1Hz), 1.68-1.59(2H, m), 1.53(1 H,dd, J
=72, 5.6 Hz), 1.46-1.32 2 H, m), 0,92 3 H, 1, J= 7.2 Hz);
“C NMR (CDCl3) § 133.1 (s), 130.7 (d), 129.1 (d), 127.8
{d), 72.3(t), 65.4(d), 31.2(£),24.9 (1), LRI (1), 18.7 (s}, 13.0
{q}; MS m/z (rel intensity) 247 (M", 25), 191 (84}, 162
(100); HRMS caled tor C.H7NOS (M™) 247.1031, found
miz 247.1033.
2-Methyl-2-methoxy-1-phenylthiocyclopropanecarboni-
trile 4c

Trans-isomer: (il, HPLC (EtOAc/hexane, 7:93) & =
14.1 min; IR (neat) 2226 cm™; "H NMR (CDCL) § 7.55-7.31
(5H,m), 343 (3 H,8), 1961 Hd, J=66Hz), 1.64 3 H,
5), 1.28 (1 H, d, J = 6.6 Hz); "C NMR (CDCl3) 8 133.0 (s),
130.5 (d), 129.4 (d), 128.1 (@), 70.3 (5), 54.8 (q), 31.1 (1),
242 (s), 15.4 (q); MS m/z (rel intensity) 219 (M”, 38), 43
{100); HRMS calcd for CpH;»ONS (M) 219.0718, found
m/z 219.0725. Cis-isomer: 0Oil, HPLC (EtOAc/hexane,
7:93) tx = 16.5 min; IR (neat) 2225 cm™; 'H NMR (CDCly)
§755-7132(5H, m), 341 3H,5), 1.74(3 Y, s), 1.67 (1 H,
d, J=67Hz), 1.60 (1 H, d, J = 6.7 Hz); “C NMR (CDCl)
§ 1333 (5), 130.8 {d), 125.3 (d), 127.9 (d), 120.2 (s), 69.2
{s), 55.6 (q), 31.4 (v, 25.0 (s), 18.4 (q); MS m/z (rel inten-
sity) 219 (M", 26), 43 (100); HRMS calcd for C,zHONS
(M™y219.0718, found m/z 219.0711.
7-Phenylthio-2-oxobicyclo[4.1.0lheptane-T-carbonitrile
4d

Exo-tsomer: Oil, HPLC (EtOAc/hexane, 10:90) 1 =
15.9 min; IR {peat) 2226 cm’™*; "H NMR (CDCly) § 7.44-7.26
(5H,m), 401 (1 H,d, /=6.9 Hz), 3.81 (1 H, m), 3.39 (1 H,
m), 2.16 (2 H, m), 1.96 (1 H, m), 1.84 (1 H, m), 1.51 (1 H,
m); PC NMR (CDCh) § 133.0 (s), 129.3 (d), 127.5 (d),
118.3 (5}, 64.7 (C-1, and C-3), 29.1 (d), 22.8 (s), 20.7 {1},
16.9 (t); MS sz (el intensity) 231 (M°, 67), 84 (100).
Endo-isomer: HPLC (EtOAc¢/hexane, 10:90) & = 204 min;
IR (neat) 2226 (CN) cm™*; 'H NMR (CDCLs) § 7.54-7.25 (5
H,m),4.28 (1 H,d, FJ=7.1 Hz), 3.90 (1 H, m), 3.45 (1 H, m),
2122 H, my, 2021 H m), 1.94(1 H,m), 1.49 (1 H, m),
“C NMR (CDCL) & 132.3 (s), 129.5 (d), 1282 (d), 127.4
{d), 120.8 (s), 65.0 (d), 61.1 (1), 26.3 (d), 22.7 (s), 217 (1),
15.9 (0, MS m/z (rel intensity) 231 (M7, 67), 84 (100)
HRMS calcd for CsHisNOS (M") 231.0718, found m/z
231.0724.
2-Ethenyl-2-methyl-1-phenylthiocyclopropanecarhoni-
trile de

Trans-isomer: Oil, TLC {(EtOAc/hexane, 5:93) Ry =
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0.43: IR (neat) 2225 cm’™’; 'H NMR (CDCls) 6 7.42-7.24 (5
H,m), 5.87 (1 H,dd,J=17.9,109Hz), 536 (1 H, brd, J=
17.9 Hz), 5.28 (1 H, brd, J= 109 Hz), 1.85(1 H,d, /=59
Hz), 1.50 (3 H, s), 1.38 (1 H, d, J = 5.9 Hz); °C NMR
(CDCls) & 138.3 (d), 130.9 (), 129.1 (d), 128.8 (d), 127.2
(d), 120.0 (s), 117.0 (1), 34.8 (s), 29.1 (1), 24.4 (s), 16.8 (q);
MS vz (rel intensity) 215 (M, 22), 110 (100). Cis-isomer:
Qil, TLC (EtOAc/hexane, 5:95) Ry = 0.43; IR (neat) 2225
cm’; '"H NMR (CDCls) §7.43-7.25 (5 H, m), 5.92 (1 H, dd,
J=173,105Hz), 530(1 H,brd, J=173Hz),522 (1 H,
brd, J=10.5Hz), 1.71 (1 H, 4, J= 5.8 Hz), 1.60 (3 H, 5),
1.54 (1 H, d, J = 5.8 Hz); "C NMR (CDCl) & 136.8 (d),
133.1(s), 129.5(d), 129.3 (d), 127.5(d), 119.9(s), 117.7 (1),
33.9 (s), 29.9 (1), 24.9 (s), 20.2 (g); MS m/z (rel intensity)
215 (M*, 32), 110 (100); HRMS calcd for Ci3sHisNS (M*)
215.0769, found m/z 215.0762.
1-Phenylthio-2(E)-propenylcyclopropanecarbonitrile 4f

A mixture of cis- and irans-isomers (1:2)}: TLC
(EtOAc/hexane, 5:95) Ry = 0.27;, HPLC (EtOAc/fhexane,
5:05) fp = 9.6 min; IR (acat) 2223 ecm™; "H NMR (CDCl) &
7.50~7.23 (5 H, m, PhH]), 5.83-5.69 (1 H, m), 5.38-5.24 (1 H,
m), 2.70 (3, J = 13.0 Hz, H-2)/2.50 (d, J = 13.0 Hz), 2.00
(dd, J = 13.8, 8.3 Hz, H-3)/1.90 (dd, J = 13.8, 8.7 Hz), 1.74
(d, J=10.4 Hz, CHs)/1.70 (d, J= 9.8 Hz), 1.30 (1 H, dd, / =
I1.6, &6 Hz); “C NMR (CDCL) & 132.9/132.8 (s},
131.8/130.6 (d), 130.2, 129.1, 127.7/130.1, 129.1, 127.7,
124.8/124.4 (d), 121.5 (5, CN), 32.2/27.5(d, C-2),24.3/23 4
(1, C-3), 18.8 (s, C-1), 18.0/13.6 (g); MS m/z (rel intensity)
215 (M*, 25), 110 (100); HRMS calcd for CisHisNS (M)
215.0769, found m/z 215.0772.
2-Ethenyl-3-methyl-1-phenylthiocyclopropanecarboni-
trile 4g

Compound 4g existed as a single isomer: Oil, HPLC
(EtOAc/hexane, 5:95) fx = 8.4 min; IR (neat) 2224 cm’™; 'H
NMR (CDCls) 8 7.72-7.67 (2 H, m), 7.50-7.42 (3 H, m),
572 (1 H,dd, J=17.1,10.1 Hz), 532 (1 H, d, /= 17.1 Hz),
5.23(1H,d,J=10.1Hz),220(1 H,d, J=7.5Hz), 1.66 (}
H, m), 1.42 3 H, d, J= 6.1 Hz); "C NMR (CDCly) & 132.5
(@), 132.9 (s), 129.6 (d), 129.3 (d}, 127.5 (d), 119.8 (1},
119.6 (5), 40.2 (d), 30.1 (d), 25.1 (s), 15.3 (q); MS m/z (zel
intensity) 214 (M*-1, 35), 109 (100); HRMS calcd for
Ci3HiaNS (M) 215.0769, found m/z 215.0770.
Methyl 2-cyano-2-phenylthiocyclopropanecarboxylate 4h

0il, TLC (EtQAc/hexane, 10:90) Ry= 0.19; IR (neat)
2236, 1727 cm™; 'H NMR (CDCls) § 7.57-7.38 (5 H, m),
3.78 (3 H,s),2.48 (1 1, dd, J = 8.5, 7.0 Hz), 2.17 (L H,dd, J
=7.0,55 Hz), 1.76 (1 H, dd, J = 8.5, 5.5 Hz); "C NMR
(CDCls) 8 167.7 (5, C=0), 131.8, 131.4,129.6,129.0, 117.6
(s, CN), 52.8 (g, OCHz), 31.8 (4, C-1), 23.3 (1, C-3), 21.5 (s,
C-2), MS m/z (rel intensity) 233 (M, 53), 173 (100); HRMS




808 J Chin. Chem. Soc., Vol 41, No. 6, 1994

caled for Cpl1 1 NO,S (M) 233.0510, found m/z 233.0491.
Methyl 2-cyano- l-methyl-2-phenylthiocyclopropanecar-
boxylate 4i

Cis-isomer: Oil, TLC (EtOAc/hexane, 10:90) Ry =
0.23; IR (neai) 2229, 1734 cm™; "H NMR (CDCls) 8 7.49-
733 (SH, m), 370 (3 H, ), 208 (1 H, d, /=6.0 Hz), 1.68
(3H, s), 1.62(1 H, d,J = 6.0 Hz); *C NMR (CDCl:) 8 168.7
(C=0), 131.8, 131.2, 129.3, 128.4, 118.5 (s, CN), 52.7 (q,
OCH,), 36.4 (s), 27.6 (t), 24.9 (s), 18.8 (q); MS m/z (rel in-
tensity) 247 (M®, 100), 232 (35}, 188 (83). Trans-isomer:
Qil, TLC (EtOA</hexane, 10:90) Ry = 0.23; IR (neat) 2230,
1727 em™; "H NMR (CDCls) 8 7.50-7.34 (5 H, m), 3.82 (3
H,s),246(1H,d,J=60Hz), 1.64 (3H,s}, 1.35(1 1,4,/
= 6.0 Hz); C NMR (CDCls) 8 170.0 (s, C=0), 131.8 (s),
130.2 (d), 129.5 (d), 128.2 (d), 118.5 (s), 53.1 (g}, 35.9 (s),
27.7 (), 25.5 (s}, 15.8 (q); MS m/z (rel intensity) 247 (M7,
100), 232 (37), 188 (80); HRMS calcd for C;3H,;3NO,S (M)
247 0667, found m/z 247.0660.
1-Phenyithiocyclopropane-1,2-dicarbonitrile 4j

A mixturz of cis- and frans-isomers (1:1); TLC
(EDAc/hexane, 10:90) Ry = 0.4; IR (neat) 2247 (CN); 'H
NMR (CDCI) 3 7.75-743 (5 H,m), 2.52 (44, J= 9.5, 7.1
Hz, H-2, ¢is)/2.29 (dd, J=9.1, 6.9 Hz, trans}, 2.15(dd, / =
7.1,5.9 Hz, H-3)/2.10 (dd, J=9.1,6.3 Hz), 1.99(dd, J=9.5,
5.9 Hz, H-3)/1.82 (dd, J = 6.9, 6.3 Hz); "C NMR {CDClLy) §
133.9/132.4, 130.1, 130.0/129.9, 129.8, 116.8/115.4 (CN),
23.8(C-3),22.3/22.1 (C-1), 16.8/16.7 (C-2); MS m/z (rel in-
tensity) 200 (M™, 96), 173 (100); HRMS caled for C; HeN-S
(M) 200.0408, found m/z 200.0437.
Methyl 4-chioro-d-cyano-4-phenylthiobutanoate 5

Oil, TLC (EtOAc/hexane, 10:90} R, = (.3; 1R (neat)
2234 (CN), 1708 cm’; *H NMR (CDCl3) § 7.84-7 .44 (5 H,
m), 3.74 (3 H, s), 2.89-2.65 (4 H, m); "C NMR (CDCl,) &
171.4 (s, C=0), 137.2 (d), 131.5 (d), 129.5 (d), 127.6 (s),
115.8 (s, CN), 65.7 (s, C-4), 52.2 (q, OCH3), 37.8 (1, C-3),
30.3 (t, C-2), MS m/z (rel intensity) 269 (M”, 54), 234 (26),
202 (57, 174 (100}, 160 (73), 128 (25), 109 (85), 65 (31);
HRMS caled for C2H ;" CING,S (M*) 269.0277, found m/z
269.0280.

Exemplary Procedure for the Reactions of Cyclo-
propanecarbonitriles d4a-c and 4g with Nucleophiles

To acold (-78 °C) solution of 4¢ {100 mg, (.46 mmol)
in EtzO (5 mL) was added dropwise a solution of CHsMgCl
(2.8 mmol, 1 mL of 2.8 M solution in ether). The reaction
mixture was stirred at -78 °C for 10 min, warmed to 25 °C
over 2 h,-and quenched by addition of a saturated NH,C]
aqueous solution. The mixture was concentrated and ex-
tracted several times with CH;Cl,. The organic phase was
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washed with brine, dried {Na;SO.), tiltered, concentrated
and chromatographed on a silica gel column by elution with
EtOAc/hexane (2:98) to give pyrrole 8 (52 mg, 57%). The
results of reactions of the cyclopropanecarbonitriles with
other nucleophiles are listed in Table 2.
2-Methy!-3-phenylthiopyrrole 6

Oil, TLC (EtOAc/hexane, 10:90) Ry= 0.22; IR {neat}
3407 (NH) cm™; '"H NMR (CDCls) & 8.20 (1 H, br s, NH),
7.24-7.00(5H, m), 6.72(1 1, d,J= 5.6 Hz, H-5), 625 (1 H,
d, J=5.6Hz, H-4), 227 (3 H, s); BC NMR (CDCly) 6 140.6
(s,C-3), 120.6 (s, C-2), 129.3 (s), 128.6 (d), 125.3(d), 124.3
(d), 116.6 (d, C-5), 114.8 (d, C-4), 11.3 (q); MS m/z (rel in-
tensity) 189 (M*, 100), 174 (20), 162 (12), 147 (19), 112
(21), 80 (11); HRMS caled for Ci HiuNS (M") 189.0612,
found m/z 189.0587.
2-Butyl-3-phenylthiopyrrole 7

Oil, TLC (EtOAc/hexane, 5:95) Rp = 0.2; IR (neat)
3402 (NH) cm™; "H NMR (CDCls) § 8.19 (1 H, br s, NH),
721-7.03(5H,m),6.75 (1 H,t, /=19Hz),626 (1 H, 1, =
1.9 Hz),2.68 (2 H,t, J=5.0 Hz), 1.53 (2 H, m), 1.28 (Z H,
m), 0.86 (3 H, t, J = 4.8 Hz); "C NMR (CDCls) & 140.9 (s),
137.9 (s), 131.9 (s), 128.5 (d), 125.3 (d), 124.2 (d}, 116.7
(&), 114.9 (d), 31.9 (1), 25.6 (1), 22.3 (v, 13.8 (q); MS m/z
(rel intensity) 231 (M", 81), 188 (100); HRMS calcd for
CHpNS (M*)231.1082, found m/z 231.1074,
2,5-Dimethyl-3-phenylthiopyrrole 8

0il, TLC (EtOAc/hexane, 10:90) By= 0.24; IR {neat)
3381 (NH) cm™; '"H NMR (CDCl3) 5 7.85 (1 H, br s, NH),
7.19-7.03 (5H, m), 5.80 (1 H, 5}, 2.34 (6 H, 5); “C NMR
(CDCls) 3 140.8 (s), 131.0 (s), 128.6 (d, 2 C), 126.5 (s),
125.3 (4,2 ), 124.2 (d), 120.3 (s), 111.8 (s), 13.0 (g}, 11.3
(q); MS m/z (rel intensity) 203 (M”, 100); HRMS caled for
C1:HisNS (M%) 203.0769, found m/z 203.0771.
4-Fthoxy-2-phenylthiopentanenitrile 9

Isomer a: Qil, TLC (EtOAc/hexane, 10:90) Ry= (.42,
IR (neat) 2233 cm™; '"H NMR (CDC)3) § 7.65-7.58 (2 H, m),
7.43-7.37 (3 H, m), 402 (1 H, dd, J=11.2, 49 Hz, H-2),
3.66 (2 H, m), 338 (1 H,m), 1.95 (2 H, m, H-3), L8O 3 H,
1, J=6.9 Hz), {88 (3 H, d, /= 6.0 Hz); "C NMR (CDCh) &
134.6 (30, 128.4(3C), 119.2(CN), 72.2 (8), 64.2 (1), 40.3
(1), 33.7 (d), 19.3 (g), 15.4 (q); MS m/z (rel intensity) 235
(M", 19), 189 (100); HRMS calcd for Ci;HiNOS (M*)
235.1031, found m/z 235.1056. Isomer b: Oil, TLC
(BEtOAc/hexane, 10:90) R;= 0.33; IR (neat) 2234 cm™; 'H
NMR (CDCly) & 7.63-7.58 (2 H, m), 7.43-7.36 (3 H, m},
398 (1 H, dd, = 9.6, 5.0 Hz), 3.77 (1 H, m), 3.66 (1 H, m),
3.38 (1 H,m), 204 (1 H,m), 1.82(1H,m), LI9(3 H, t, /=
6.9 Hz), 1.18 (3 1}, d, J = 6.0 Hz); BC NMR (CDCls) 8
134.6, 129.4, 119.8 (CN), 70.7 (d), 64.1 {t}, 39.2 (1), 33.6
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(d), 19.2 (q), 15.5 (q); MS m/z {rel intensity) 235 (M7, 21),
189 (100); HRMS calcd for CisHyNOS (M%) 235.1031,
found m/z 235.1032.
4-Ethoxy-4-methoxy-2-phenylthiobutanenitrile 10

Oil, HPL.C (EtOQAc/hexane, 7:93) fx = 15 min; IR
{neat) 2235 cm™; *H NMR (CDCls) 8§ 7.64-7.53 (2 H, m),
743734 (3H,m), 468 (1 H, ¢, /=58Hz, H-4),3.83(1 H,
t, J=77Hz, H-2},361(2H,q,F=7.1Hz),3.353H, s,
OCH),2.09(2H,44, /=77,58FHz, H-3), 1L.22 3H, ¢, J=
7.1 Hz2): “C NMR (CDCly) 8 134.7, 129.6, 129.4 (d), 130.2
(s), 118.9 (s, CN), 100.6 (d, C-4), 62.7 (1), 53.6 (g}, 36.0 (4,
C-3), 32.7(d, C-2), 15.2 (q); MS m/z (rel intensity) 251 (M",
11), 219 (35), 205 (53), 190 (15), 174 (38), 162 (29), 148
(38), 135 (29, 121 (37), 106 (33), %9 (52), 61 (100); HRMS
ca_lcd for CisHi7NO.S (M*) 251.0980, found m/z 251.0987.

- 4-Butoxy-4-methoxy-2-phenylthiobutanenitrile 11

"0il, HPLC (EtOAc/hexane, 7:93) 2 = %.4 min; IR
(neat) 2236 cm™'; '"H NMR (CDCls) 8 7.64-7.60 (2 H, m),
744737 (3H, m), 468 (1H,t,J=5.8Hz),3.83 (1 H,,/=
77 Hz),3.62{1 I, m),3.45(1 H,m),3.35(1 H,5),2.10(2
Ht, /=67Hz), 1.57 (2H,m), .52 2H, m),092(3H, ¢t J
= 7.3 Hz); "C NMR (CDClsj § 134.7, 129.6, 129 .4, 118.9
(s}, 100.8 (d), 67.0 (), 53.6 (q), 36.0 (1), 32.7 (d), 31.7 (B,
19.3 (1), 13.8 {q); MS m/z (rel intensity) 279 (M", 7), 61
{100); HRMS calcd for CisHy NOS (M*) 279.1293, found
m/z 279.1308.
4.4-Dimethoxy-2-phenylthiopentanenitrife 12

0il, HPLC (EtOAc/hexane, 7:93); fu = 13.5 min; IR
(neat) 2235 cm™; 'H NMR (CDCly) 8 7.66-7.61 {2 H, m),
744734 3 H, m), 3.80 (1 H, 1, J=7.7 Hz), 3.18 3 L, 5),
3.17 3 H, s), 2.16 (2 H, d, J = 7.7 Hz), 1.40 (3 H, 5); °C
NMR {CDCla) & 134.7, 129.6, 129.4, 130.6 (s), L19.6 (s},
99.9 (s), 48.5 (q), 48.4 (q), 39.8 (1), 32.1 (d), 21.4 (g); MS

. m/z (rel intensity) 251 (M7, 6), 89 (100); HRMS calcd for

C1aHNO,S (M7) 251.0980, found #/z 251.0965.
3-Methyl-2-phenylthio-4(E)-heptencnitrile 13

Isomer a: OQil, HPLC (BtOAc/hexane, 7:93) fw = 9.6
min; IR (near) 2230 cm’™"; 'H NMR (CDCls) § 7.60-7.57 (2
H,m), 740-7.36 (3 H,m), 5.36 (1 H, dt, J = 16.4, 5.9 Hz, H-
5),541(1H,44,J=164,7.7Hz, H-4),368 (1H,d, /=59
Yz, H-2), 2.64 (1 H, m), 2.06 (2 H, m), 1.28 3H, d, /=69
Hz), 1.00 (3 H, 1, J=7.1 Hz); “C NMR (CDCl5) § 135.2 (d),
133.8 (d), 131.9 (s), 129.4 (d), 129.2 (d), 128.9 (d), 118.3
(s), 44.4 (d), 39.3 (1), 25 4 (@), 17.5(q), 13.5 (q); MS m/z (rel
intensity) 231 (M", 15), 149 (100). Isomer b: Oil, HPLC
(EiOAc/hexane, 7:93) fg = 10.8 min; IR (neat) 2230 cm™'; 'H
NMR (CDCL) & 7.60-7.57 (2 H, m), 7.40-7.35 (3 H, m),
3.68 (1 H, dt, J= 164, 6.0 Hz), 544 (1 H,dd, J= 164,82
Hz), 3.61 (1 H, d, J = 6.0 Hz), 2.62 (1 H, m), 2.08 (2 H, m),
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127(3H,d,J=6.7Hz),1.01 3H,t, /=73 Hz) BC NMR
(CDCly) & 135.8 (d), 133.8 (d), 131.9 (s), 129.4 (d), 129.1
(d), 127.9(d), 118.5 (s), 44.5 (d), 39.6 (1), 25.4 (d), 18.9 (g),
13.5 (g); MS m/z (rel intensity) 231 (M7, 15), 145 (100);
HRMS calcd for CuHppNS (M) 231.1082, found m/z
231.1077.
(N-Benzyl-3-Oxopropylamino)acetonitrile 15 and Ethyl
5-(N-Cyanomethylbenzylamino)-2(F)-pentenoate 16

Benzylaminoacetonitrile (14) was prepared by subsu-
wtion of chlorpacetonitrile with benzylamine in the pres-
ence of EGN. A solution of benzylaminoacetonitrile (1.46
g, 10 mmol), acrolein (0.67 g, 12 mmol} and EtN (1.5 mL,
10 mmol) in CHzCl (15 ml.) was stirred at 25 "C for 4 h to
give a crude product 15 (1.91 g, 95%). The product, par-
tially decomposing on silica gel, was uscd for the sub-
sequent Wittig-Horner reaction without furthur purification.
To a solution of 15 (1.91 g) and triethyl phosphonoacetate
(2.25 g, 10 mmol) in THF (30 mL) was added a suspension
of KOH (1 g, 20 mmol) in THF (30 mL). The reaction mix-
ture was stirred for 73 min, filtered, concentrated and chro-
matographed on a silica-gel column by elution with
EiDAc/exane (10:90) to give E-16 (1.79 g, 69%). 15: Oil,
TLC (EtQAc/hexane, 20:80) R,= 0.22; 'H NMR (CDCly) &
970 (1 H, t, J = 2.0 Hz, CHO), 7.33-7.26 (5 H, m), 3.66 (2
H,s), 343 (2H,s),299 (2H,t,/=65Hz), 261 2H, dt, J
= 6.5, 2.0 Hz); “C NMR (CDCly) 8 200.6 (d, CHO), 136.4
(s), 128.7 (), 128.4 (), 127.7 (d), 114.4 (s, CN), 57.9 (1),
47.0 (U, 41.2 (1), 41.0 (1. 16; Oil, TLC (EtOAc/hexane,
20:80) Ry = 0.15; IR (neat) 2230 (CN), 1710 (C=0), 1655
em™; '"H NMR (CDCls) § 7.33-7.24 (5 H, m), 6.92 (1 H, dt,
J=157,69Hz),588 (1 H,d,J=157Hx), 4172 H,q.J
=71Hz),365(2H,5),343 2H,5,275(2H, 1, /=69
Hz), 2.44 (2 1, m), 1.29 (3 H, ¢, J = 7.1 Hz); °C NMR
(CDCly) 8 165.7 (s, C=0), 145.4 (d, C-3), 136.6 (s), 128.7
(), 128.4 (d), 127.6 (d), 122.7 (d), 114.1 (s), 59.9 (1), 57.9
(1), 52.2 (1), 40.9 (1), 29.8 (1), 14.1 (g); MS m/z (rel intensity)
272 (M*, 1), 246 (50), 159 (54), 91 (100); HRMS catcd for
C16H0N,0; (MY) 272.1525, found m/z 272.1517.
Ethyl 2-(1-Benzyl-2-cyanopyrrolid-3-yl)-2-
phenylthioacetate 17 and Ethyl 5-(V-Cyanomethylben-
zylamino)-3-phenylthiopentanote 18

Under a nitrogen atmosphere, Bul.i {5 mmot, 3.75 mL
of 1.6 M solution in hexane) was added dropwise to a cold
{-78 *C) solution of diisopropylamine (0.75 mL, 5 mmol) in
THF (10 mL). After 30 min, a solution of 16 (1.36 g, 5
mmol) in THF (3 mL} was added dropwise. The mixiure
was stirred for 20 min at -78 °C, and a solution of
diphenyldisulfide (1.44 g, 6 mmol} in THF {4 ml.) was
added dropwise. The reaction mixture was stirred at -78 "C
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for I h and warmed to 25 °C for 10 h. The mixtore was
quenched by addition of saturated NELCY aqueoys solution,
concentrated, and extracted several times with EtOAc. The
organic phase was dried (Na,SOy), filtered, concentrated
and chromatographed on a silica-gel column by elution with
EtOAc/hexane (5:95) to give 17 (0.84 g, 44%) and 18 (0.21
g, 11%). The four isomers of 17 (1:1:1:1) were further sepa-
rated by HPLC with clution of EtOAc/hexane (10:90). Iso-
mer a: Oil, HPLC (EtOAc/hexane, 10:90) 1, = 10.8 min; IR
(neat) 2223 (CN), 1716 (COYem™; '"H NMR {CDCly) 8 7.50-
726(10H, m),4.12 (2 H, . =71 Hz),391(1H,4,J=6.7
Hz, H-2), 3.81 (1 H, d, J = 14.0 Hz}, 3.66 (1H,4, /=140
Hz), 3.05 (1 H, m), 2.81 (1 H, m, H-3, 2.61 (f H, m), 2.35
(1 H,m), .92 (1 H, m), L.18 (3 H, 1, J = 7.1 Hz); *C NMR
(CDCl) § 170.6 (5, COY, 137.1 (8), 134.2 (d), 129.2 (s),
129.1 (d), 128.7 (d), 128.6 (d), 128.5 (d), 127.6 {d), 115.0 (s,
CN), 61.5 (1), 57.7 (d), 56.6 (1), 52.7 (d), 50.4 {(v), 42.0 (d),
27.6 (1), 13.9 (g); MS m/z (rel intensity) 380 (M*, 42), 289
(27), 271 (26), 197 (30y, 179 (37), 110 (413, 91 (100). lso-
mer b: Oil, HPL.C (EtOAc/hexane, 10:90) ix = 12 min; IR
{neat) 2224, 1717 cm™; 'H NMR {CDCls) 67.48-726 (10 H,
m),4.10(2H,t,J=72Hz), 3.88 (1 H, d, J= 13.1 Hz), 3.64
(IH,d,/=13.1Hz),361 (1 H,d, /=9.9 Hz),3.56 (1 H, d,
J=1272Hz),2.97 (1 H,m), 2.83 (1 H, m), 2.60 {lLH,m),2.14
(2H,m), 115 (3 H,1, J=7.2 Hz); *C NMR (CDCl) § 170.8
(s), 137.2 (s}, 133.8 (d), 131.9 (s), 129.2 {d), 128.6 (d),
128.5 (d), 127.6 (d), 116.7 (s), 61.5 {t}, 57.04d), 56.0 (1),
35.2(d), 50.9 (1), 44.7 {d), 27.3 (1), 14.0 (q); MS m/z (rel in-
tensity) 380 (M*, 73), 91 (100). Isomer c: 0il, HPLC
(EtOAc/hexane, 10:90) 1y = 14.4 min; IR (neat) 2222, 1727
cm”; "H NMR (CDCls) & 7.41-7.26 (10 4, m}, 4.15 (3 H, m),
386 (1H,d,J=13.1Hz),3.78 (1 H, d, J= 13.1 Hz), 3.538 (1
H, d,J=11.0 Hz), 3.03 (1 H, m), 2.86 (1 H,m), 2.60 (1 H,
mj, 221 {1 H, m), 1.59 (1 H, m), 1.21 (3 H, t,J=72 Hz),
BC NMR {CDChh) 6 170.6 (), 137.2 {s), 133.6 (d), 131.9
(s), 129.1 (d), 128.6 (d), 128.5 (d), 127.5 (d), 116.7 (s), 61 .4
(), 56.2 (d), 55.7 (1), 55.2 (d), 51.0 (1), 44.8 (d), 28.1 (1),
14.0 (q); MS nvz (vel intensity) 380 (M, 55), 91 (100). Iso-
mer d: HPLC (EtOAc/hexane, 10:90) x = 16.8 min; IR
(neat) 2222, 1727 em™; '"H NMR (CDCl;) 8 7.54-7.25 (10 H,
m), 410 3H, m), 3.84 (1 H,d, J=12.7 Hz),375(1H, 4,7
=127 Hz),3.11 (1 H, m), 2.87 (1 H, m), 2.62 (1 H, m), 2.16
(1H,m), 161 (1H,m),1333H,t, /=72 Hz); ’C NMR
{CDCls) 3 170.6 (s), 137.2 (s), 133.9 (d), 131.8 (s), 129.0
(d), 128.7 (d), 128.6 (d), 128.5 (d), 127.6 {d), 115.1{s),61.3
(1), 57.7 (d), 56.3 (1), 53.1 (d), 50.5 (1), 42.4 (d), 27.5 (1),
13.9 (9). MS m/z (rel mtensity) 380 (M*, 65), 91 (100);
HRMS calcd for CpHzN0,8 (M*) 380.1558, found m/z
380.1556. 18: Oil, HELC (EtGAc/hexane, 10:90) 4 = 19
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min; IR (neat) 2223, 1727 em™; '"H NMR (CDCly) § 7.48-
726 (10H,m), 413 (2H,q, J=72Hz),3.70 (1 H. d, J =
13.4 Hz), 3.60 (L 1, d, /= 134 Hz), 348 (1 H, d, J = 17.5
Hz), 331 (1 H, d, J = 17.5 Hz), 2.95-2.46 (5 H, m), 1.90 (1
H, m), 1.71 {1 H, m), 1.25 (3 H, t, J = 7.2 Hz); “C NMR
(CDCls) 8 171.4 (s}, 137.0 (s), 133.5 (s), 133.1 (d), 129.0
(d), 128.6 (d), 128.5 (d), 127.8 (d), 127.6 (d), 114.7 (), 60.7
(1), 58.2 (1), 51.1 (1), 42.4 (), 40.9 (1), 40.6 (1), 31.9 (1), 14.2
(@); MS m/z (rel intensity) 383 (M*, 59), 356 (48), 342 (85),
291 (77), 223 (37), 159 (90), 135 (40, 91 (100); HRMS
caled for CpuHxN20.8 (M™) 38217185, found m/z 382.1723.
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