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Heterosubstituted Chlorohydrins:
Knoevenagel Reaction versus Epoxide Formation
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Abstract: Lithiated chloromethyl derivatives 2a—d, available by deprotonation of 2-(chloromethyl)-
1,3-benzothiazole 1a, -1,3-oxazoline 1b, -pyridinc ¢ and -quinoline 1d, react with carbonyl
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u(‘nupuuuua to give Crioronyarins .va—g and then €poxiacs wa—g upon treatment with NaOH/APrOH.

The same chlorohydrins 3a—g could be converted into heterosubstituted chloroalkenes Sa—g with
very high E stereoselection upon reaction with MeSO,CIEt3N. © 1999 Published by Elsevier Science Ltd.
All rights reserved.
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There are two main reactions halohydrins can undergo under suitable ex pen mental conditions;
intramolecular nucleophilic substitution to give an epoxide under basic conditions and B-elimination of H>O to
furnish a haloalkene under acidic conditions (Eq. 1).
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The B-elimination would be expected to be the preferred reaction when the R! group at the B-carbon is a

strong electron-withdrawing group and OH is converted into a good leaving group. However, there are only a
few examples of halohydrms which undergo B-elimination to produce Knocvenagcl type haloalkenes [1,2], and

compounds leading to epoxides as final products, the heterosubstituent being a heteroaryl or other heterocyclic
group [4-9]. We have also found that intermediate halohydrins can be trapped after short reaction times.

We have now studied the competition between the cyclization of these halohydrins to epoxides (Darzens
condensation) and the formation of chloroalkenes (Knoevenagel-type reaction).

Treatment of 2a (Scheme 1), available upon deprotonation of 1a with LDA at —78 °C, with cyclohexanone
and quenching of the reaction mixture with ag. NH4Cl after 20 h afforded epoxide 4a [9]. Similarly, lithiation
of 1b and reaction of the resulting lithiated species 2b with 2-adamantanone led to epoxide 4b. The reaction of

2a or 2b with cyclohexanone and 2-adamantanone, quenched after short reaction time (15 min), provided
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chlorohydrins 3a (70 %) and 3b (40 %), respectively, which could be converted into epoxides 4a and 4b upon
treatment with 0.1 N NaOH in {PrOH [9].
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The reaction of 2¢ with 2-adamantanone led to chlorohydrin 3¢ and then to epoxide 4¢ [5]. The reaction of

2a with benzaldehyde in THF under the above experimental conditions and long reaction time (~ 20 h) afforded
epoxide 4d having almost exclusively the frans configuration [9]. The same reaction quenched after 15 min led
- " Py | PR b formnda telo

. e
NaOH/IPrOH, provided a 1:1 trans/cis mixture of epoxides 4d. The lack of diastereoselection of the reaction of
2a with PhCHO in THF at short reaction time and subsequent cyclization in NaOH/iPrOH, compared with the
high trans stereoselection of the reaction in THF and long reaction time, could be tentatively explained by
taking into consideration the relative rates of the epoxide formation and the chlorohydrin interconversion. It is
likely that in a relatively less polar solvent such as THF the chlorohydrin interconversion proceeds faster than
the epoxide formation. In THF, therefore, the highly preferential formation of the frans epoxide could be
explained by the higher propensity of the anti chlorohydrin to undergo cyclization to the epoxide with respect

to the syn isomer. The transition state corresponding to the anti chlorohydrin and evolving to the frans epoxide

ratio between the epoxides reproduces the anti/syn ratio between the halohydrins. Comparable results were
obtained in the reaction of 2a with 4-ethylbenzaldehyde: the resulting 1:1 diastereomeric mixture of
chlorohydrins 3e could be quantitatively converted (NaOH/iPrOH) into a 1:1 trans/cis mixture of epoxides 4e
at short reaction time. Such a mixture, without isolation, was directly subjected to dehydration to give the
Knoevenagel product (see below). Analogously, 2¢ and 2d, derived from 1¢ and 1d, reacted with benzaldehyde
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to give chiorohydrins 3f and 3g at short reaction times and epoxides 4f [5] and 4g [11] at long reaction times.
Here again, epoxides 4f and 4g of trans configuration were obtained at long reaction times, while cyclization of
diastereomeric chlorohydrins 3f and 3g, isolated at short reaction times, gave diastereomeric mixtures of 4e and
4f upon treatment with NaOH in IPrOH.
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It was interesting to observe that chlorohydrins 3a, derived from the reaction of 2a with cyciohexanone
afforded chioroalkene 5a (Scheme 2) upon treatment with MeSOCI/Et3N. In a similar way chlorohydrin 3b
afforded chloroalkene 5b . The sulfonates should be the likely intermediates in the formation of chloroalkenes
5a and 5b. This could be proved in the case of chlorohydrins 3g. Treatment of 3g with an excess of
MeSO,CVEt3N at room temperature for 30 min gave a 1:1 diastereomeric mixture of the corresponding
sulfonates which could not be separated but were identified by !H NMR spectroscopy and GC-MS. Treatment
of the diastereomeric mixture of these sulfonates with Et3N in CH;Cl; gave (E)~2—(2—chlorostvrvl)quinoline 5g
and a trace of the Z isomer. The configuration of both of the isomers 5g could be assigned on the basis of a
NMR spectral analysis. 'H and 13C chemical shifts

from their lF[- H homonuclear and 'H-13C heteronuclear correlated 2D NMR spectra. In both of the
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well as the quinolyl and phenyl protons. Ab nitio calculations [12] performed for these two isomers justified
the observed 'H chemical shifts for the aromatic protons. The results showed that the presence of a small
globular substituent (such as a chlorine atom) on the C-C vinylic double bond twisted, in the case of the Z
isomer, the phenyl ring out of coplanarity by 106.57 °(0 = 1'-2'-4'-5"), while for the quinolyl ring only by 13.6 °
(0 =4'-5'-6'-7") (Figure 1). On the other hand, the dihedral angles (8) for the E isomer were of 60.3 °(6= 1-2-4-
5) and 51.3 °(0= 4-5-6-7). Therefore, with reference to these optimized geometries, a cis relationship between

quinolyl and phenyl rings would mean, first of all, that the H(8) proton should be the one most shielded by the
) Indeed in the NMR spectrum, the Ad observed for this proton was the

X,

el

trisubstituted chloroalkenes [13a-c]. On the basis of such evidence, we assigned the £ geometry to the isomer

showing an upfield shift for all protons.
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Figure 1 i j

In confirmation of this, in a NOESY experiment carried out on the supposed F isomer, H(1) and H(3)
displayed dipolar interaction with H(10) thus supporting the E stereochemisty for this alkene. No such dipolar
interaction could be observed in a NOESY experiment performed on the Z chloroalkene.
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Treatment of the diastereomeric benzothiazolyl chlorohydrins 3d (1:1 syn/anti mixture) with MeSO,Cl

fEtsN, gave chloroalkene 5d of E conﬁguranon in a very good yield. Traces of the Z isomer were obtained. The
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as with chloroalkene 3g. Similarly, th
afforded chioroalkenes Se—f of E configuration.

Such an FE stereoconvergency in the conversion of chiorohydrins 3d-g to chloroalkenes Sd—g is difficult to
rationalize from a mechanistic viewpoint as there are literature examples of preferential formation of Z
chloroalkenes resulting from a mesylation-elimination sequence of halohydrins in Knoevenagel-type, reactions
[1]. At present we can say that the anti isomer of chorosulfonates 6 (Het = Qy) should eliminate slower than the
syn counterpart since we found that when 6 (1:1 diastereomeric mixture) was treated with EtsN in order to
promote the conversion to the corresponding chloroalkenes, an inspection before the elimination was complete
clearly indicated an enrichment of the anti isomer. However, the Z chloroalkene should be expected if an anti
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elimination is occurring. We do not have evidence for the syn elimination [la] that would justnfy either the
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chloroaikene. More work is needed to clarify the mechanism of the elimination.
In conclusion, we rcport here an entry to stereodefined trisubstituted chioroalkenes having functional groups
(Cl and the heterocyclic moiety) available for further elaboration [15].

EXPERIMENTAL
'H NMR spectra were recorded at 90, 200, 300 or 500 MHz in CDCl3; chemical shifts are re ported in ppm (5)

from TMS or the residual CHCIl3 signal (7.24 ppm). 13C NMR spectra were recorded at 125 MHz and
referenced to the center resonance of CDCl3 (77.0 ppm). Absolute values of the coupling constants are
reported. IR spectra were recorded on a IR spectrometer. GC-MS spectrometry analyses were performed on a
gas cromatograph equipped with a mass selective detector operating at 70 eV (EI). Melting points were
uncorrected. TLC was performed on Merck silica gel plates with F-254 indicator. Column chromatography was
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performed by using silica gei (70-230 mesh) with petroieum ether/diethyl ether mixture as the eluent.
Microanalyses were performed on a C, H, N analyzer.

Materials:

2-(Chloromethyl)pyridine 2¢ and 2-(chloromethyl)quinoline 2d are sold as hydrochloride salts (Aldrich) from
which they can be obtained upon treatment with NaOH 10% solution. 2-(Chloromethyl)-1,3-benzothiazole [16]
and 2-(chloromethyl)-4,4-dimethyl- 1,3-oxazoline [17] were prepared as reported. Petroleum ether refers to the

40-60 °C boiling fraction. All other chemicals were of commercial grade and used without pl_fiﬁca[igu or

s Ja-g. The pie yarahaﬁ of 2-(2-l’ii.iiumyl)-4- chlor -l-pm":nyiet'ﬂaﬁo' g) is

representative. To a solution of LDA, prepared from n-BuLi (2.5 M solution in hexanes, 1.2 mmol) and
diisopropylamine (1.2 mmol) at 0 °C and cooled at -78 °C, was added dropwise a THF solution of
benzaldehyde (1 mmol) and 2-chloromethylquinoline (1 mmol). The reaction mixture was stirred for 30 min,
quenched with sat. aq. NH4Cl, extracted with ether and evaporated under vacuum to give a residue which was
column chromatographed on silica gel (EtpO/petroleum ether: 7/3). Evaporation of the solvent left a solid that
was a 1:1 diastereomeric mixture (syn + anti) [18] of chlorohydrins 3g (75 % yield). M.p. 85-90 °C. |H NMR

(200 MHz), &: 5.25 (d, 1 H, anti, J = 6.5 Hz), 5.26 (d, 1 H, syn, J = 3.3 Hz), 5.43 (d, 1 H, anti, J = 6.5 Hz), 5.58

S

anti), GC- -.M.S .r,n./v( el. n,-,.): (.,yn nt z\ 179 (M* + 2 - PhCHv 33) 17‘7 (u.ﬁ PhC..O, 200), 2 (60), 128
(8), 115 (10); IR (CHCIl3): {syn + a,-"i} 3300 (br), 3040, 3020, 2950, 2840, 1590, 1490, 1170 cnrl. Elem. anal.,
found % (calcd for C17H14CINO): C, 72.16 (71.96); H, 5.27 (4.97); N, 5.09 (4.94). When the reaction of 3g as

~an

above was quenched after 24 h the epoxide dg of trans configuration formed in a 85 % yield [11].
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i-{(2-Benzothiazolyi)chioromethyijcyciohexanoi (3a). Oil, 75 % yieid. 1H NMR (90 MHz) &: 1.60-2.40
(multiplets, 10 H), 3.97 (br s, 1 H, exchanges with D20), 5.49 (s, 1 H), 7.50-8.35 (2 m, 4 H). GC-MS m/z (rel.
int.): 281 (M, 3), 263 (1), 185 (33), 183 (100). IR (CHCIl3): 3350 (br), 3050, 2960, 2910, 2860, 1600, 1480,
1100 cm~!. Elem. anal., found % (calcd for C14H16CINOS): C, 59.11 (59.67); H, 5.45 (5.72); N, 5.15 (4.97).

2-[(4,4-Dimethyl-2-oxazolin-2-yl)chloromethyl]adamantan-2-ol (3b). M.p. 180-182 °C, 65 % yield. !H
NMR (200 MHz) &: 1.10-2.50 (m, 20 H), 2.85 (br s, 1 H, exchanges with D;0), 3.87-3.97 (m, 2 H), 4.06 (s, 1
(53), 133 (35), 91 (69), 77 (33), 55

1

H); GC-MS m/z (rel. int): 297 (M*, 4), 295 (10), 269 (34), 267 (100), 232
(36): IR (KRr): 3557 (sharn) 35003200 (br). 1636 1503 1450 1350. 1296, 1268 1064 cm-! Elem anal
(36); IR (KBr): 3557 (sharp), 3500-3200 (br), 1636, 1503, 1450, 1350, 1296, 1268, 1064 cm™!. Elem. anal.,
found % (caled for CjHz24CINOy): C, 64.43 (64.53); H, 8.20 (8.12); N, 4.85 (4.70).

3’-(4,4-Dimethyl-2-oxazolin-2-yl)spiro[adamantane-2,2'-oxirane] (4 ) M.p. 76-77 °C (hexane),

TT ATR ATY s R AYY

quantitatively obtained from 3b. 'H NMR (90 MHz) 8: 1.3 (s, 2 x 3 H), 2.20-1.30 (multiplets, 14 H,
adamantyl), 3.40 (s, 1 H), 4.0 (s, 2 H); GC-MS m/z (rel. int): 261 (M, 1), 232 (24), 206 (37), 176 (100), 133
(18), 91 (62), 81 (15), 79 (31), 41 (53); IR (KBr): 2900, 1645, 1445, 1365, 1290, 970, 910, 755, 655 cm™1.
Elem. anal., found % (calcd for C;gH23NO2): C, 73.93 (73.53); H, 9.25 (8.87); N, 5.28 (5.36).

2-[(2-Pyridyl)chloromethyllJadamantan-2-ol (3c). M.p. 139-142 °C, 54 % yield. 'H NMR (200 MHz) §:
1.31-2.50 (multiplets, 14 H, adamantyl), 5.57 (s, 1 H), 5.60 (s, 1 H, exchanges with D>0), 7.24-7.41 2 m, 2
); GC-MS m/z (rel.int): 279 (M* + 2, 0.52), 277 (M*, 0.64), 276 (2),

)
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2-{(2-Benzothiazolyl)-2-chioro-1-phenyi
v rs
3
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t’ai’mi (3d). M.p. 115-120 °C, 50 % overali yieid; i:1 syn + anti
diastereomeric mixture. iz), 3: 4.7-4.85 (br s, exchanges with D70, 1 H syn + 1 H anti), 5.29
(d, 1 H,anti,J=7.1Hz),5.44 (d, 1 H, syn,/=4.6 Hz), 538 (d, 1 H, anti, J=7.1 Hz), 5.52 (d, | H, syn; J = 4.6
Hz), 7.28-8.03 (m, 9 H, syn, + 9 H, anti); GC-MS m/z (rel. int.): (syn + anti) 185 (M* + 2 - PhCHO, 14.90),
183 (M* — PhCHO, 41.83), 148 (100); IR (CHCl3): (syn + anti) 3580 (br), 3050, 2960, 2920, 2860, 1610, 1500,
1170, 1050 cm~!. Elem. anal., found % (calcd for C;sH,CINOS): C, 62.32 (62.17); H, 4.29 (4.17); N, 5.01
(4.83).
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i NMR (200 M

2-(2-Benzothiazolyl)-2.chloro-1-(4-ethyvlphenvl)ethanaol (3e). n 103—-108 °C. 55% vield 1:1 cva + ant

vi) 0-1-{2-cthylphenvllethanol (3e). M.p. 103-108 "C, X3% yield, 1.1 syn + anu
diastereomeric mixture. 1 H NMR (200 MHZz) 8 121 (1 3 cupr arantl J =7 SHz)Y 128(t T H amti or cun
MAOSIVA VALV AN Al AU W TN NSNS IVEL LS, Ve Rkl \By oF KRy O FTE UK REFEE, V {ond SELJy Lodald \Ny J K3y CeF8ss UL O YT,
J=75Hz),2.62(q,2x2H,syn +anti,] =7.5 Hz), 4.65 (br s, exchanges with D20, 1 H, syn + 1 H, anti),

526, 1 H, anti, j=7.0Hz),5.37 (d, L H, anti, J= 7.0 Hz), 542 (d, i H, syn, s =4.1 Hz), 547 (d, i H, syn, J
=4.]1 Hz), 7.0-8.0 (m, 8 H, syn + 8 H, anti); GC-MS m/z (rel. int.): (syn+aml) 185 (M* + 2 — p-EtCgH4CHO,
37.5), 183 (M* — p-EtCgH4CHO, 47.3), 148 (100); IR (CHCl3): (syn + arm) 3580 (sharp), 3500-3200 (br),
3050, 2960, 2920, 2860, 1610, 1500, 1170, 1050 cm-1. Elem. anal., found % (calcd for C17H CINOS): C,
64.40 (64.24); H, 5.30 (5.07); N, 4.55 (4.41).

2-(2-Pyridyl)-2-chloro-1-phenylethanol (3f). The 1:1 diastereomeric mixture of chlorohydrins 3e could be
separated by column chromatography. 67 % Overall yield. First eluted diastereomer (anti), oil. 'H NMR (200
MHz), 8: 5.05 (d, 1 H, J = 4.2 Hz), 5.2 (br s, exchanges with D20, 1 H), 5.38 (d, 1 H, J = 4.2 Hz), 7.20-7.38
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910, 2 ,
dlablcrcomer (syn), m.p. 70-72 °C. 1H NMR (200 MHz), 8: 5.05 (d, | H, J = 6.0 Hz), 5.28 (d, 1 H, J = 6.0 Hz),
5.5 (br s, exchanges with D0, 1 H), 7.20-7.30 (m, 7 H), 7.62 (td, 1 H, J= 8.0, 2.0 Hz), 8.51-8.55 (m, 1 H);
GC-MS my/z (rel. int.): 198 (M* - Cl, 53), 129 (37), 127 (100); IR (CHCI3): 3300 (br), 3025, 2950, 2910, 2850,
1590, 1450, 1050 cm-!. Elem. anal., found % (caled for Cj3H2CINO): C, 66.60 (66.81); H, 5.35 (5.17); N,
5.68 (5.99).
Preparation of chloroalkenes 5a-g. The preparation of $a is representative.
An anhydrous CH7Cly (10 mL) stirred solution of chlorohydrin 3a (1 mmol) was treated, under Na, with

MeSO;Cl (2 mmol) and EtzN (1.2 mmol) at room temperature for 24 h. Then the reaction mixture was

-
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quenched with sat. ag. NH4Cl, extracted with CHClj and dried over anhyd. NapSQO4. Removal of the solvent
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MHz), 8: 1.1-1.7 (m, 6 H), 2.6 (t, 2 H, J = 6.4 Hz), 2.8 (1, 2 H, J = 6.4 Hz), 7.34-7.56 (m, 2 H), 7.86-8.05 (2 m,
2 H); GC-MS m/z (rel. int.): 265 (M* + 2, 23), 263 (M*, 62), 234 (66), 228 (100); IR (CHCI3): v 3050, 2920,
2850, 1600, 1490, 1180, 1080 cm™!. Elem. anal., found % (calcd for C14H4CINS): C, 63.53 (63.75); H, 5.61
(5.35); N, 5.10 (5.31).

2[(2-Adamantylidene)chloromethyl]-4,4-dimethyl-1,3-oxazoline (5b). M.p. = 150-152 °C, 75 % yield. IH
NMR (200 MHz), &: 1.32 (s, 3 H), 1.39 (s, 3 H), 1.10-2.45 (multiplets, 14 H, adamantyl), 3.70-3.82 (m, 2 H);

GC-MS m/z (rel. int.): 279 (M, 8), 244 (100); IR (CHCl3): v 2950, 1636, 1503, 1450, 1353, 1296, 1200, 1150,
1INEA ~ea-] Blam anal  feaind O (ealad fose O OO 0 AR 02 (AR A2 H 770 (77 OO N < {8 OO
TUUA LILL . LI, dllal., TOUULIU /U (Ladiva vl L[Dll‘z\,u‘\.l}. Nvy VIR T oy \NIFNIIJy BBy ToTNT (Tl fy 1N, U, SIS,
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1.81-1.96 (multiplets, 12 H, adamantyl), 2.79 (br s, 1 H), 3.38 (br s, 1 H), 7.17-7.23 (m, 1 H), 7.25-7.35 (m, 1
H), 7.64-7.73 (m, 1 H), 8.63-8.67 (m, 1 H); MS m/z (rel. int.): 261 (M* + 2, 9), 260 (36), 259 (M*, 30), 258
(100), 224 (13), 180 (11), 167 (16); IR (film): v 3060, 2960, 2860, 1600, 1495, 1511, 1420, 1400, 850 cm™1.
Elem. anal., found % (calcd for C1gH1gCIN): C, 73.93 (73.98); H, 7.15 (6.98); N, 5.28 (5.39).

(E)-2-(2-Chlorostyryl)-1,3-benzothiazole (5d). The diastereomeric mixture of chlorohydrins 3d was treated as
above with MeSO,CI/Et3N. M.p. = 85-87 °C, 95 % yield. H NMR (200 MHz), &: 7.35-7.54 (m, 7 H), 7.86—
7.90 (m, 1 H), 8.04 (s n), 8.03-8.08 (m, 1 H); GC-MS m/z (

N (o]
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M+ 26), 270 (100), 236 (38); IR (CHC!
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int.): 273 (M* + 2, 14), 271
}: v 3050, 2970, 2900, 2830, 1600, 1150 cm!, GC-MS rivealed the
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lem. anal., found % (calcd for C15H|qCINS): C, 66.54 (66.29); H,

rn

presence of traces of the Z isomer of 5d.
3.78 (3.71); N, 5.28 (5.13).

(E)-2-(2-Chloro-4'-ethylstyryl)-1,3-benzothiazole (5e). It was obtained from the diastereomeric mixture of
3e. M.p. = 57-58 °C, 94 % yield. IH NMR (200 MHz), &: 1.25 (1, 3 H, 7 = 7.5 Hz), 2.67 (q, 2 H, J = 7.5 Hz),
7.23-7.28 (m, 2 H), 7.32-7.54 (m, 2 H), 7.79-7.90 (m, 3 H), 8.01 (s, 1 H, vinylic proton), 8.01-8.05 (m, 1 H);
GC-MS m/z (rel. int.): 301 (M* + 2, 14), 299 (M+, 40), 298 (100), 264 (43), 249 (15), 248 (15); IR (CHCI3): v
3050, 2980, 2920, 2840, 1610, 1490, 1310, 1150 cm~!. GC-MS showed the presence of traces of the Z isomer.
The E/Z ratio was 96/4. Elem. anal., found % (calcd for C17H14CINS): C, 68.20 (68.10); H, 4.50 (4.71); N, 4.82

(4.67).

(2.0 . Chlarnctvrvhinvridins (8 Thic alkenes wae nhtainad from the diacteranmeric mixtiire nf halnhvdrine

N&d JE A SN BRAVA SR T L JRAJRS Y A RRERREN: (WK Jo LS URVEIL VOS5 WUGRIIIUE 41 VIR LAY WO LU VULIIVA AW IAAIATMALT WE LIRAVLL Y WL AIRT

af Oil. 50 % vield. 'H NMR (200 MHz). 8: 7.30-7.60 (m. 5§ H). 7.70-7.90 (m. 2 H). 8.00-8.40 (m. 2 H). 8.10 (s
9 -7 it ]lulu. AR LVIVLIAN \‘hUU L'lj.lb}, W 1. IUT 1 AT (\3dRy 7 ll’, oI § W \ARly duw AL}, QW UTTU (Rl & BAJy B XN Dy

1 H, vinylic proton) 8.80-8.90 (m, 1 H). GC-MS m/z (rel. int.): 217 M+ + 2, 8), 215 (M+,18), 214 (63), 180

(100). Elem. anal., found % (calcd for C3H19CIN): C, 72.25 (72.39); H, 4.45 (4.67); N, 6.65 (6.49).

(E)-2-(2-Chlorostyryl)quinoline (5g). (E)-2-(2-Chlcrostyryl)qumoline (5g). Treatment of 3g (diastereomeric
mixture) (1 mmol) in 15 mL of anhydrous CH,Cl; with MeSO,Cl (2 mmol) / EtsN (1.2 mmol) at rt under N3
and stirring for 30 min gave a solid that was a 1:1 syn + anti diastereomeric mixture of the corresponding
sulfonates which could not be separated but only purified by column chromatography (silica gel 7/3 petroleum
ether/ Et,0) and identified by 'H NMR and GC-MS. M.p. 117-124 °C. 1H NMR (200 MHz), (syn + anti) &:
2.52 (s, 3 H, syn or anti), 2.83 (s, 3 H, anti or syn), 548 (d, 1 H, J = 8.5, syn or anti), 5.52 (d, 1 H, J = 8.5 Hz,
yn), 7.37-8.24 (m, 11 H, syn, +

3 BT

- §
§
€
“

H ), h . : , 265 M+ - CH3S503H, 12), 264
(29), 230 (100), 12 (10) (syn +ann) IR (CHCI3): v 3040, 2950, 2840, 1590, 1170 cm™!. Elem. anal., found %
(caled for C1gHCINO3S): C, 60.00 (59.75); H, 4.25 (4.46); N, 3.58 (3.87). Subjected to refiux in the presence
of Et3N for 12 h, the diastereomeric mixture of the above suifonates afforded the chiloroalkene 5g which was
column chromatographed (silica gel, EtpO/petroleum ether 3:7) to give mainly (85 % yield) the E isomer and a
small amount (10 % yield) of the Z isomer. (E isomer) Oil. 'H NMR (300 MHz), &: 7.32-7.37 (m, 1 H), 7.40-
7.46 (m,2H),7.53(ddd, 1 H,J=175,7.5,1.1 Hz),7.73(ddd, 1 H, J=7.7,7.7, 1.5 Hz), 7.81 (dd, 1 H, J = 8.1,
1.1 Hz), 7.87-7.90 (m, 2 H), 8.00 (d, 1l H, /= 8.7 Hz), 8.14 (dd, 1 H, J = 8.6, 1.1 Hz), 8.13 (s, | H, =CH), 8.21
(d, 1 H, J=8.7 Hz); 13C NMR (125 MHz): 6 118.91, 126.88, 127.54, 127.55, 128.35, 128.65, 129.49, 129.61,

130.07, 130.14, 130.44, 134.97, 136,99, 147.51, 154.82; GC-MS m/z (rel. int.): 267 (M* + 2, 57), 265 (M*+,
170). 264 (405). 230 (1000). 202 (1), 128 (139) 114 (111) 101 (76 77 (31 IR (CHCla): v 3156 1643
LTI Jy LUFT \TTUL Jy LTV \LVUMT ]y LXTL \VU L [y LT 1»:1,, L2 2 rag, LVE R TY), N Jy 28% \SoRZN KR Je ¥V TRy ATy
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1466, 1383, 1096, 905 (strong), 712 cm-1. Elem. anal., found % (calcd for C17H2CIN): C, 76.63 (76.84);

H, 4.41 (4.55); N, 5.10 (5.27).

(Z isomer) Waxy solid. 'H NMR (500 MHz), &: 7.35-7.32 (m, 1 H), 7.40-7.37 (m, 2 H), 7.58 (ddd, 1 H, J=
7.0,7.0, 1.1 Hz), 7.80 (ddd, 1 H, J=17.0,7.0, 1.4 Hz), 7.85 (dd, 1 H, J= 8.1, 1.1 Hz), 7.94-7.91 (m, 2 H), 8.02
(d, 1 H, J= 8.7 Hz), 8.32 (s, | H, =CH), 8.41 (d, | H, J= 8.7 Hz), 8.60 (d, 1 H, J= 8.5 Hz); |3C NMR (125
MHz): 5 119.60, 125.64, 127.36, 127.68, 128.31, 128.77, 129.70, 130.53, 132.59, 133.65, 164.82, 141.38,

142 77, 1533.08: GC-MS m/7 (rel int Y 267 (M+ + 2 78) 265 (M+ 223 264 (37 23 (1000 2 (R4) 128
= s G WRTNT y N T R ARS @ \AWae RAAVege A \AVA Vodmy FRIJy LNTaS NAVR g Gwbaid Jy NI N T T lieJy AN AN Sy S \ TV Sy LT
(224) 115 (146) 114 (156). 101 (119 77 €47y IR (CHCl:) v 11 1637 1600 11RK 1152 Q17 71D K51
NSy AAS \ATV) sy AAN \AJVU )y 2L \ 2R 7 )y 77 AT04 gy 1IN \R2i 13 ) V JATUy AVUS Ty AWy LPOU L ATy Thdey 1 héey UJR
PRGNS B . PRUTUUR T SSNI O, AU P B P | T LIRIN, Y M1 L0 L O AN, TE A TIE (A SO, AT £ &Y sE oA
Cim *. Ci€im. anai., 1oOuna 7o (CaiCa 10r C17rn2UiN): U, /000 (/0.84); k1, 4.7/3 (4.3]), IN, D.21 {J3.47)
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