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Synthesis, Thermal and Photochemical Reactions.
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Abstract: The titic compounds were synihesised from 1 3-diazabuta-i.3-dienes and ketenes. Thermai
and photochemical ring expansion reactions 10 5.6-dihydro-3H-pyrimidin-4-ones arc also described.
© 1999 Elsevier Science Ltd. All rights reserved.

Recently we reported that cycloaddition reactions of 1-(4-methylphenyl)-1,3-diazabuta-1,3-diene la with

ketenes 2a-d, obtained in sity from the corresponding acyl chlorides and triethylamine, proceed directly to

[4+2] cycloaddition products, the formation of [2+2] adducts being forbidde

,"‘Hcl i pToi ] p-Toi 24| R R?
_ 1 I 1 !
PHVN R! Phy N ) Y F’h\/N\/O a I H Ph
L * _c=c=0 —> e [0 |— I b | Ph Ph
\ﬁ R2 o R‘ R2 N '|R2 Cc H Ci
. i H™ - gt P
1a Ph 2ad _ Ph | P 4ad d | H COOEt
Scheme 1
Starting from 1-benzyl- 1, 3-diazabuta-1,3-diene 1b the reactions performed with ketenes 2a-c resulted in

p
the isolation of [2+2] cycloaddition products and only the reaction with ethoxycarbonylketene 2d gave the
[4+2] adduct Sa. Probably, in the latter case, the greater stability of the zwitterionic intermediate, related to the
presence of an ethoxycarbonyl substituent on the
thermodynamically controlled cycloadduct Sa (Scheme 2).

Moreover, the formation of azetidinones 3 is under kinetic control and these compounds rearranged
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he more stable 5,6-dihydro-3H-pyrimidin-4-ones 5 when the reaction mixtur

stand for a few days or when the reactions were performed using a stoichiometric amount of triethylamine.'

In this work we investigated more closely the reactivity of 1b with ketenes in order to obtain the isomeric
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1e mechanism involved. Therefore we

extended our study to vinyl, dimethyl, methoxy and dichloroketenes 2e-h which react, under standard

conditions,’ with 1,3-diazadiene 1b to give the expected azetidin-2-ones 3d-g (Scheme 2).
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Scheme 2

Diastereoselectivity for cycloaddition reactions involving monosubstituted ketenes was demonstrated by
'H-NMR spectra analysis and NOE-difference experiments performed for azetidinones 3a,c,d,f showing the
presence of a single diastereoisomer with cis relationship between the benzylideneimino group at C-4 and the
hydrogen at C-3. As expected, HPLC analysis of compounds 3a,c¢,d,f on a Chiralcel OD column is consistent
with the presence of two enantiomers in 1:1 ratio.

Moreover, we tested the case of rearrangement of azetidin-2-ones 3 to dihydropyrimidin-4-ones S by
heating under reflux in dry toluene the pure isolated 3 (method A) or in a one-pot reaction starting from
azadiene 1b, acyl chlorides and triethylamine in a molar ratio of 1 : 1,1 : 1 and heating the mixtures under
reflux, using tlc analysis to show the disappearance of 1b and the formation of 3 (method B). The complete
transformation of 3 into 5 occurs for azetidin-2-ones 3a and 3b with both methods (Table 1, entry 1-2). Entry
3-4 report the behaviour of 3d from which the 4,5-dihydropyrimidin-4-one Sd was isolated beside its quinoid
isomer 5'd in ratio 1 : 5 when the reaction was performed with method B, whereas with method A the 13-
diazacyclooctadienone 6 was isolated as the main product beside small quantities of Sd and §'d. Apparently
1,3-diazacyclooctadienone 6 is formed directly from azetidinones 3d, since heating a mixture of 5d and 5'd in
toluene under reflux resulted only in the isomerization of dihydropyrimidin-4-one 5d into the methylene
derivative §'d. On the other hand, compounds 3c,e-g were quantitatively recovered when heated in dry toluene
or, in poorer yields than under the standard conditions, in the one-pot reactions. Thermolysis of compound 3g
was performed at higher temperature (tetralin at reflux) with the same results. The trans configuration of the
5.6-dihydro-3H-pyrimidin-4-ones 5b and 5d was assigned by analysis on the basis of the 'H-NMR coupling
constants reported” for such systems (Jyan > Jos) and by comparison with the cis isomers isolated in the
photochemical reactions (see below). Theoretical calculation based on Karplus equation applied to the c¢is and

trans sterecisomers of compounds 5 are in agreement with the experimental results.
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Table 1. Thermal behaviour of azetidin-2-ones 3.
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PE = petroleum ether

These results prompted us to extend our investigations to the photochemical behaviour of azetidinones 3
which were irradiated for 8-12 h in dry acetone solution at room temperature with a high pressure mercury

lamp. The results are collected in Table 2. Under these conditions, azetidinones 3a,b,e,f,g yield the

corresponding dihydropyrimidin-4—ones 5b,c,e,f and pyrimidin-4-one Sg, whereas compounds 3¢,d gave more

unidentified products. The cis and frans isomers of the S,6-dihydro-3H-pyrimidin-4-0nes Sb and 5f were
separated by flash chromatography and identified from their 'H-NMR coupling constants between H-5 and H-
6° Fnrthprmnre cis/trans isomerization was not observed when pure cis and rrans Sf were irradiated for 15h in

dry acetone solution, demonstrating that the isomers are formed during the ring expansion step.
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Tabie 2. Photochemical behaviour of azetidin-2-ones 3.
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It is known" that thermal and photochemical cleavage of the azetidin-2-one ring may follow two different
)
e

lkenes and isocyanates or ketenes and imines (Scheme 3

el

t was also reported
that photolysis favours path A and thermolysis path B and in many cases the isocyanate and/or ketene products
were trapped as urea and/or carbamate by reaction with amine or alcohol.” Through these cycloreversion

nerate th

(4]

starting compounds 1 and 2 or give benzylisocyanate 7 and
the 2-azabutadiene 8; consequently [4+2] cycioaddition reaction could afford the pyrimidin-4-ones 5 (Scheme
3). However all attempts to detect ureic or carbamic derivatives in the thermal and photochemical reactions of

azetidin-2-ones 3 performed in the presence of dicthylamine, dipropylamine or methanol failed, and pyrimidin-

6-ones 5 were the sole isolable products.
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More probably a stepwise ionic or radical mechanism was involved in the ring enlargement. Some
. . . 6 . .
examples of reactions involving cleavage of N-C4" or C3-C4” bonds and rearrangement of a polar intermediate

w of these involve vinyl or azomethine substituted azetidin-2-ones. 8
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Starting from azetidin-2-ones 3, cleavage of either N-C4 or C3-C4 bond followed by rin
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pyrimidin-4-ones 5 (Scheme 4). First, in order to determine which bond was cleaved in the ring expansion, we
photochemical reactions with the azetidin-2-one 3h, which was obtained in the usual
i S Ao A

way by reaction of 1-benzyl-2-phenyi-4-p-tolyl-1,3-diazabuta-1,3-diene ic with diphenylketene 2b. As depicted

in Scheme 4, the pyrimidin-4-one Sh was isolated in quantitative yield in both photochemical and thermal

reactions and this demonstrates that the ring enlargement proceeds by breaking of the C3-C4 bond of azetidin-
2-ones 3. Bn
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We can reasonably postulate that in both ionic and radical mechanisms the driving force for the ring
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ormation of a highly stabilised 2-aza-allyl cation or radical

intermediate, which can exist in two forms 10/10° and 1i/11°, respectively, with a smalil barrier for the rotation
about the C-N bond (AH ca. 13-21 kJ/mole) (Scheme 5). Thus, probably the mechanism of the thermolysis is
of

essentially the inverse of the two-step [2+2] vcloaddition described in Scheme [ which occurs or nly when the

croaaaition desceroed in seneme i

anionic centre of the zwitterionic intermediate 10/10° is stabilised by resonance within an adjacent unsaturated
system (azetidin-2-ones 3a,b,d). This hypothesis also accounts for the formation of diazaoctadienone 6 from 3d

by cyclization between the terminal carbon atom of the vinylic system and the imine moiety. Instead the

diradical 11/11° is involved in the photolytic reactions, in which azetidin-2-ones 3a,b,e,f,g gave pyrimidin-4-
ones 5 in high yields whereas 3¢,d gave more complex reaction mixtures. The behaviour of compounds 3¢,d

could be explained by competitive hydrogen atom abstraction at C-3 giving rise to the formation of a number of
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side products and could account also fo
reaction being negligible for 3-methoxy substituted azetidin-2-one 3f. The behaviour’ of 3f compared to 3a,c,d

could be related to the C3-H bond dissociation energy , to the thermochemical stabilization energy of the
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EXPERIMENTAL

All chemicals and solvents are commercially available and were used after distillation or treatment with drying

agents. Photochemical reactions were performed with a high pressure mercury vapour lamp Philips HPK 125

watt. Merck silica gel 60 F,s4 thin-layer plates were employed for thin iayer c'nromatograp'ny Merck silica gel
ol a2l Cnr Oach ~al. imin PN NN T P avr gy iy Aalting was narrradd sth o

\7_)u-n+uu mesh) was em p Oy€a 101 nasn Coimn cnromaidgrapny. wneun"l g points, measurea witn a Biichi or a
Stuart Scientific SMP3 apparatus, are uncorrected. Infrared spectra were recorded on a FT-IR Perkin Elmer 16
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PC spectrophotometer, using KCI disks or KBr tablets. 'H-NMR (200 MHz) and “C-NMR (50.3 MHz)
spectra were recorded in CDCl;, with a Varian-Gemini 200 spectrometer.

1-Benzyi-2 4-diphenyi-1,3-diaza-1,3-butadiene 1b is a known compound.' 1-Benzyi-2-phenyl-4-p-tolyl-1,3-
diaza-1, 3-butadiene 1c is new and was prepared as reported in Ref 1.

PE = petroleum ether; TEA = triethylamine

Le: purified by flash chromatography (PE/TEA 95:5); white solid; m.p. 95-98°C (i-Pr;0); yield 35%; 'H-NMR
(CDCl;, 8, Hz): 2.46 (s, 3H, CH:), 4.63 (s, 2H, CH3), 7.22-7.43 (m, 10H, arom.), 7.79 (d, 2H, arom. p-tolyl, ]
8.1), 7.86-7.91 (dd, 2H, arom.), 8.16 (s, IH, CH), *C-NMR (CDCls, 3): 22.2 (CHy), 53.7 (CHy), 126.9, 128 2,
128.3, 128.7, 128.8, 129 5,130.2, 130.7 (CH arom.), 132.9, 136.5, 141 .8, 143.6 (C arom)), 162.3 (CH), 1645
(N=C-NY; IR (KBr, cm™): 1574, 1606, 1638 (v C=N and v C=C); elem. anal., found (calcd for C2HxN,): C

/oA n\"/nﬂl ‘r\\rnen /n

8421 (8B4.58)H 6.27 (6.45) N 8. 8.97).

Azetidinones 3a-¢' and ketenes 2a-h'’ are known compounds and were prepared according to described

cetenes 2a pounds and were prepared according to described
methods. Azetidinones 3d-h are new and were prepared by the method reported in Ref. 1 (time of reaction 3-
48 h).

3d: purified by flash chromatography (PE/EtOAc 9:1); white solid; m.p. 107-108°C (i-Pr,0); yield 78%: 'H-
NMR (CDCls, 8, Hz): Second order system: 3.84 (m, 1H, HC-CH=CH,), 3.92 nd 4.94 (AX system, 2H, CH,,
J15.1), 5.10 (m, iH, HL-LH‘LH;), 5.26

0-
DL CIT Ny B30 aaman romy AL &
rn-vn-— 1\4), C~INIVEIN (LIJL}I‘* ()} 0.0

8 (
1282, 128.7, 128.9, 129.0, 129.1, 129.2, 129.3, 129.6

o~ ¥ } 7al T__aNTT ~ r

.52 (m, 2H, HC-CH=CH, ) 7.27-7.60 (m, 15H, arom.), 7.95 (s, IH,

1M1 FYTLY HIT_ T N

~ M \ 07T 1 /M M
HC-CH=CH,), 87.1 (N-C-N), 121.1 (HC-CH=CH,)

, 129.8, 131.8 (CH arom. and HC-CH=CH,), 1359,
137.4, 137.5 (C arom.), 158.7 (Ph-CH=N), 168.7 (C=0); IR (KBr, cm 1\ 1648 (v C=N), 1756 (v C=0); elem.
anal., found (calcd for CstzzNzO). C 81.88(81.94) H 6.08 (6.05) N 7.54 (7.64).

purified by flash chromatography (PE/EtOAc 9:1); white solid; m.p. 115°C (PE); yield 54%; 'H-NMR
(CDCl;, 8, Hz): 0.96 (s, 3H, CHa), 1.09 (s, 3H, CHj3), 3.88 and 5.02 (AX system, 2H, CH, J 15.2), 7.26-7.48
(m, 13H, arom ), 7.61-7.65 (dd, 2H, arom.), 7.74 (s, 1H, Ph-CH=N); ""C-NMR (CDCl;, §): 19.9 (CHs), 20.5

(CHa), 45.5 (CHy), 62.5 (CHs-C-CHj), 90.7 (N-C-N), 128.2, 128.6, 128.7, 128.8, 128.9, 129.0, 129.4, 129.6,
121 £ LT ncevanns ) 124 N 1270 ”I 12017 rea .-... M AY 1£0 O /DL, ALI-NIN 17€ Q lf‘:n\ M (D s ‘\ 1£A40 (..
121.0 \L,II dlUlll} 150UV, 150.4, 157,90 (L dlUlll } 100.0 ¥ ll'\/l_l"'l‘l), P72.0 \\_ \J), LIN \I\Dl, it } 1040 \V
C=N), 1748 (v C=0); elem_ anal , found (calcd for C3sH,,N,0): C 81.24 (81.49) H 6.38 (6.46) N 7.40 (7.60)

3f: purified by flash chromatography (PE/TEA 9:1); white solid; m.p. 111°C (PE); yield 73%; 'H-NMR
(CDCl;, 8, Hz): 3.12 (s, 3H, OCH3), 3.75 and 4.84 (AX system, 2H, CH,, J 14.9), 4.22 (s, 1H, CH:O-CH-
C=0), 7.26-7.53 (m, 13H, arom.), 7.69-7.71 (dd, 2H, arom.), 7.82 (s, 1H, Ph-CH=N); “C-NMR (CDCl, &):
450 (CH,), 58.8 (CHs0), 88 3 (N-C-N), 95.7 (CH;0-CH-C=0), 1283, 128.7, 129.0, 129.1, 1291, 1292,
129.3, 129.8, 131.9 (CH arom)), 135.8, 1359, 137.1 (C arom.), 159.1 (Ph- CH-—N) 167.1 (C=0); IR (KBr,

cm™): 1650 (v C=N), 1756 (v C=0); elem. anal., found (calcd for C24H22N,0,): C 77.54 (77.81) H 5.85 (5.99)
Y

3g: purified by flagh chromatography (PE/TEA 9:1); white solid; m.p. 158-159°C (i-Pr,0/AcQOEt); vield 65%,;
'H-NMR (CDCl;, 8, Hz): 3.94 and S 04 (AX system, 2H, CH,, J 15.0), 7.31-7.56 (m, 13H, arom.), 7.71-7.76
(dd, 2H, arom.), 7A7.) (s, 1H, Ph-CH=N); *C-NMR (CDCl;, 3): 46.5 (CH,), 92.7 (N-C-N), 94.0 (CI-C-Cl),
128.9, 129.0, 129.1, 129.5, 1296, 1297 129.8, 130.2, 132.5 (CH arom.), 135.1, 135.8, 1362 (C arom.},
162.5 (Ph-CH=N), 163.5 (C=0), IR (KBr, em™) 1652 (v C=N), 1774 (v C=0), elem. anal ., found (calcd for
C.:HsN;OCl,): C 67.35(67.49) H 432 (4.43) N 6.65 (6.84).

LT IS R TR R R IDIT/A NT: OL - &8Y. ss:laien ombid. an o I7Q TAYOM /DT /A M) 1.1 £50/ -
J“ punlleu Uy l sSnCRIoOium lUbld I y \l‘E/f\bUEl ‘/JAJ), WIILT SO, 1] P 1O7-1%1 o \FEIHLUDL}, lelU oo,
'"H-NMR (CDCl,, 5, Hz): 2.32 (s, 3H, CH3) 3.66 and 5.00 (AX system, 2H, CHa, J 14.9), 7.01-7.51 (m, 24H
arom. and 1H, Ph-CH=N); "C-NMR (CDCl;, 8): 22.0 (CH:), 45.6 (CHy), 80.4 (Ph-C-Ph), 90.7 (N-C-N),
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126.6, 127.0, 128.1, 128.3, 128.4, 128.6, 128.7, 128.8, 129.1, 129.4, 129.4, 129.7, 139.8, 129.9 (CH arom ),
133.3, 137.7, 139.0, 139.2, 139.4, 141.7 (C arom.), 159.4 (Ph-CH=N), 171.3 (C=0); IR (KBr, cm™) 1648 (v
C=N), 1754 (v C=0); elem. anal., found (calcd for C1H1N20): C 85.12 (85.34) H 5.85 (5.97) N 5.38 (5.53).

Thermal hahaviaur of azetidinanac 3
:erma: behavie oF azetigingnes

Method A: A solution of pure azetidinone 3a-h (1 mmol) in dry toluene (15-20 ml) was heated under reflux for
5-30 h. The crude reaction mixtures were purified by crystallization, or by flash chromatography when more
than one product was detected by tic. For reaction products, yields and purification data see table 1.

Method B: A solution of appropriate acyl chloride (1.1 mmol) in dry toluene (8 ml) was added slowly (over a
period of 1h) to a nitrogen flushed, well stirred and ice-water cooled solution of 1,3-diaza-1,3-butadiene 1b
(1.0 mmol) and triethylamine (1.0 mmol) in dry toluene (14 mi). The reaction mixture was initiaily stirred at
room temperature and heated under reflux (22-48 h) when tlc analysis shown the disappearance of 1b and the
formation of 3. It was then washed with a saturated solution of NaHCQ; ('2 ¥ 158 ml\ and the organic laver

[1=2819 Lol vwasiioia a saturated & AN NS] LIV Vi gmaial iayvi,

dried over anhydrous sodium sulphate, was freed from solvent under reduced pressure at 40°C. The crude
products were purified by flash chromatography over silica gel column followed by crystallisation. For reaction
products, yields and purification data see Table |.

Photochemical behaviour of azetidinones 3:

In a quartz test-tube 30 mg of azetidinones 3a-h were dissolved in 3 mi of acetone. The solutions were
irradintad wath a2 marcniey vano: la for .17 h and tha emide rifiad cryctallicatian flach
HragiateG witn a Illﬁihuly vapuul IﬂllllJ iUl 0=14 11 Al Uiy UIUUC pu lllcu U)’ \.d_yala.luaauuu Ul Uy itadit

chromatography when more than one product was detectable by tlc. For reaction products, yields and
purification data see Table 2.

Sb trans: white solid, m.p. 169-170°C (i-Pr,0); '"H-NMR (CDCl;, &, Hz): 4.02 and 5.17 (AX system, 2H, CH-
CH, J.,m 83), 485 and 4 98 (AB system, 2H CHa, Jum 15.5), 6.83 (dd, 2H, arom) 7.08-7.48 (m, 18H,

arom.); "C-NMR (CDCl, 8): 47.8 (CH,), 5 (Ph-CH-C=0), 63.9 (Ph-CH-N), 127.7, 127. 8 178 0, 128.1,
1MAO N 1O ~OD ~ O i e TaYat ~oy I s Yo s ] 19~ £ MY Y \ 1L & 1975 O 1= &~ 1
128.3, 128.6, 1289, 1289, 1290, 1291, 1292, 130.5 (CH arom.), 135.5, 136.8, 1375, 5 {C arom.),
17N M ONY 171 2 /(=M. ID (D ,.M']\. 14AA £va =N\ 1£QQ /vy MNM=M\. alae el Enzsomed Flnd £
PO U AUIN-UTINY, 1710 (LU ) I \I\DI, CIIE ). 1099 |V UTIN ), 1070 (Vv L)) CICH. allad., 1O una 1% arCa 1071
CoH.uN,0): € 83 42 (83.63YH 5.75 (S.81) N 6 60 (6.73)

25HN0): C 8342 (83.63) H S 75 (5.81) N 660 (6.73)

5b cis: yellowish oil; 'H-NMR (CDCls, 8, Hz): 4.25 and 5.25 (AX system, 2H, CH-CH, J.;, 5.6), 4.68 and 5.32
(AX system, 2H, CHy, Jgem 15.1), 6.90-7.00 (m, 2H, arom.), 7.10-7.49 (m, 18H, arom.), BC-NMR (CDCls, 8):
477 (CHy), 53.1 (Ph-CH-C=0), 62.4 (Ph-CH-N), 1276, 128.0, 128.1, 128.2, 128.6, 128.7, 128.9, 129.0,
129.1, 129.2, 129.8, 130.7 (CH arom)), 1335, 135.3, 137.7, 138.9 (C arom.), 157.1 (N-C=N), 171.7 (C=0);
IR (neat, em™): 1636 (v C=N), 1696 (v C=0); elem anal., found (calcd for C2H:N-0): C 83.98 (83.63) H

rn‘\\rrnr P4 —v—\

5.94 (5.81) N 6.95 (6.73).

Se: white solid; m.p. 170-171°C (PE); 'H-NMR (CDCl;, 8, Hz): 4.63 and 5.13 (AX system, 2H, CH,, ] 14.8),
5.60 (s, 1H, Ph-CH- N), 6.54 (dd, zH, arom.), 6.73 (dd, 2H, arom.) 6.87-7.14 (m, 10H, arom.), 7.19-7.46 (m,
9H, arom.), 7.61 (dd, 2H, arom.); "C-NMR (CDCl;, &): 48.4 (CH,), 61.0 (Ph-C-Ph), 67.9 (Ph-CH-N), 126.8,
127.4,127.9, 128.1, 128.3, 128 4, 128.8, 128.8, 128.9, 128.9, 129.1, 129.1, 129.6, 130.2, 130.9 (CH arom.),
135.8, 136.4, 137.2, 140.7, 141.2 (C arom.), 156.0 (N-C=N), 172.0 (C=0); IR (KBr, cm™): 1662 (v C=N),

1693 (v C=0); elem. anal., found (calcd for C3sHasN>0): C 85.45 (85.34) H 5.75 (5.73) N 5.70 (5.69).

8d: pale yellow oil; 'H-NMR (CDCls, &, Hz): 3.49 (t, 1H, O=C-CH-C=, J; 7.8), 4.86 (d, 1H, Ph-CH-C, J.i
TON A QT (o D DL MALT Y € 19 /A« 111 LIO—01T T 171 17T =1 179" €97 /d+ 113 HIOC—1L] 1 N A
F), 4607 A8, LN, ro-Unipg, J.12 \QL, L, PG TU, Jyaps L0 0, dgl Jgem 1.4j, D224 (UL, 111, FILTULL, Jeis 1V,
Tt = Lem 1.1). 5.89 (ddd, 1H, HC=CH,, Jyuns 17.1, Jii, 10.3, Jic 7.7), 6.78 (dd, 2H, arom.), 6.97-7.46 (m, 13H,
vay -'gcm L 23 A Sl ot = A AN Nk A, CTANE 5 7.3,y VOIS W2y Yvie R 2 ey s 2 LEELEY

arom.); “C-NMR (CDCls, b) 475 (Ph-CH,), 519 (CO-CH-C=), 62.6 (Ph- CH-C) 120.3 (HC=CH;), 1265
(HC=CH,), 127.8,127.9, 128.0, 1283, 128.9, 1290, 1294, 130.6, 132.7, (CH arom.), 136.3, 137.4, 140.2,
(C arom.), 157.0 (N-C=N), 171.2 (C=0); IR (neat, cm™): 1643 (v C=N), 1697 (v C=0); elem. anal., found
(caled for CosHN,0): C 82.15 (81.94) H 6.27 (6.05) N 7.88 (7.64).
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5'd: pale yellow solid; m.p. 96-97°C (i-Pr,0); 'H-NMR (CDCls, 8, Hz): 1.95 (d, 1H, CHs, Jyic 7.3), 4.33 and
5.33 (AX system, 2H, Ph-CHa, J 15 3) 5.97 (s, 1H, Ph-CH-N), 6.49 (dd, 1H, arom.), 6.91-7.10 (m, 3H,
arom.), 7.18 (dq, 1H, C=CH-CHs, Jic 7.3, Iy 13), 7.27-7.43 (m, 10H, arom.), BC-NMR (CDCls, 8): 14.3

{CHs), 47.8 (CH;), 57.9 (Ph-CH-N), 1271, 1 1278, 1284, 1285, 1286, 1 , 12591, 1303 {(CH
arom.), 130.8, 135.7, 1373 (C arom.), 138.7 (CH;-CH=C), 140.6 (CH;-CH=C), 156.3 (N-C=N), 1656
(C=0);, IR (KBr, cm 1). 1654 (v C=N), 1684 (v C=0Q); elem anal, found (caled for C;sH;N;O): C 8198
(31.94) H 5.92 (6.05) N 7.50 (7.64).

Se: pale yellow solid; m.p. 155-159°C (PE); 'H-NMR (CDCl;, 8, Hz): 1.06 (s, 3H, CHa), 1.24 (s, 3H, CHy),

4.56 and 5.14 (AX system, 2H, CH,, J 14.8), 4.59 (s, IH, Ph-CH-N), 6.96 (dd, 2H, arom.), 7.17-7.50 (m, 13H,

arom.); "C-NMR (CDCl,, 8): 18.6 (CH3), 23.7 (CHs), 41.6 (CH;-C-CHj), 47.8 (CH,), 68.1 (Ph-CH-N), 127.8,

1279, 128 0, 128.3, 128.4, 128.5, 128.9, 129.5, 130.3, (CH arom.), 135.6, 137.8, 138.7, (C arom. ) 156.5 (N-
- . 1

AN £y, M—M\. . s £ovicnnd £nnlad

— £ . TR £ D, ~cIN. 1 2an £0 M r{art P P |
Lﬁ’lV}, 170.8 (L=U), IR (RDI, CI l }. 109U (V U—iN), 1070 (V LU— U ), CICim. anai., iound \ualw lUl \;25”241‘42\}}
C 81 71 (81 49) H 6.58 (6.46) N 7.58 (7.60)

Sf trans: white solid, m.p. 128-130°C (PE); '"H-NMR (CDCl;, 8, Hz): 3.45 (s, 3H, OCH;), 3.89 and 4.80 (AX
system, 2H, CH-CH, Jy., 10.3), 4.60 and 5.13 (AX system, 2H, CHy, Joen, 14.8), 6.87 (dd, 2H, arom.), 7.18-
745 (m, 13H, arom.); “C-NMR (CDCl;, 8): 47.6 (CH,), 60.4 (CH:0), 63.1 (Ph-CH-N), 79.8 (CH;0-CH),
128.0, 128.1, 128.1, 128.2, 128.7, 1288, 128 9, 129.0, 1306 (CH arom.), 135.0, 137.2, 139.2, (C arom.),
156.2 (N-C=N), 170.7 (C=0); IR (KBr, cm™): 1636 (v C=N), 1704 (v C=0); elem. anal., found (calcd for
C,4H2N,0,): C 77.90 (77.81) H 5.90 (5.99) N 7.58 (7.56).

Sf cis: white solid; m.p. 130-132°C (PE); 'H-NMR (CDCl;, 3, Hz) 51
,,,,, H, CH- CH Jue 4.5), 481 and 4 91 (AB system. 2H, CH,, J wem 15.3), 6.80 (dd, 2H. arom.), 7.14-7.44
(m, bH‘ arom.); "“C- NMR (CDCl;, 8): 47.5 (CHy), 59.9 (CH;0), 61.2 (Ph-CH-N), 79.0 (CH;0-CH-C=0),
127.9, 128.0, 128.1, 128.2, 128.4, 128.7, 128.8, 128.9, 130.5, (CH arom.), 1350, 137.2, 139.2, (C arom.),
156.2 (N-C=N), 170.7 (C=0); IR (KBr, cm™): 1660 (v C=N), 1696 (v C=0); elem anal . found (calcd for
C24H2aN0,): C 77.56 (77.81) H 5.81 (5.99) N 7.44 (7.56).

(s, 3H, OCHz3), 414 and 502 (AX

SId,

)
e
v
=
e
b=
b

Sg: white solid; m.p. 186-189°C (PE); 'H-NMR (CDCI 8, Hz): 5.30 (s, 2H, CHy), 6.97-7.02 (m, 2H arom.),
7.22-7.54 (m, 11H, arom.), 7.86-7.91 (m, 2H, arom.); “C-NMR (CDCls, 8): 50.7 (CHy), 119.5 (CI-C), 1279,
128.3, 128.5, 128.7, 129.1, 1292, 1299, 1304, 130 8 (CH arom.), 134.8, 136 2, 136.6, (C arom.), 157.5 (Ph-
C-N), 1580 (N-C:N); 160.4 (c=o); IR (KBr, cm'): 1662 (v C=0), elem anal, found (calcd for
C1:H,7N>0C1): € 73.95 (74.09) H 4.50 (4.60) N 7.48 (7.51)

Sh: purified by flash chromatography (PE/AcOEt 95:5); white solid; m.p. 180-182°C (PE/AcOEt), 'H-NMR
(CDCl;, 8, Hz): 2.24 (s, 3H, CH,), 4.62 and 5.13 (AX system, 2H, CH;, J115.3), 558 (s, 1H, CH), 6.44 (d, 2H,
p-Tolyl J8.1), 6.71-7.50 (m, 20H, arom.), 759-7.62 (m, 2H, arom.); - *C-NMR (CDCls, 8): 21.5 (CHs), 483
(CH,), 60.9 (Ph-C-Ph), 67.5 (p-Tol-CH-N), 126.8, 127.4, 128.1, 128 1, 128.3, 128 8, 1288, 1289, 1290,

>
7 147 §
A A A

129.0, 120.1, 129.5, 130.2, 131.0 (CH arom.), 1332, 135.8, 137, , 140.7, 141.2 (C arom.), 155.9 (N-

— 't -1y, — — .
C=N), 172.1 (C=0); IR (KBr, cm''): 1646 (v C=N), 1694 (v C=0); elem. anal., found (calcd for CzHzoN,0):
C 85.05 (85.34) H 5.80 (5.97) N 5.32 (5.53).

6: pale yellow oil; 'H-NMR (CDCls, 8, Hz): 2.75 (m, 2H, CH-CH,-CH=), 4.51 and 4.70 (AX system, 2H, Ph-
CHy-, Jgem 17.4), 4.84 (dd, IH, N-CHPh-CHy-, J.ic 8.8, 7.3), 6.28 (dt, 1H, O=C-CH=CH, J;c 9.9, Jan 1.8), 6.83
(dt, IH, CH,-CH=CH, J., 9.9, 4.3), 6.91 (dd, 2H, arom.),7.09 (t, 2H arom.), 7.12-7.45 (m, 11H, arom.); Be-
NMR (CDCls, 8): 33.0 (CH-CH,-CH=), 56.1 (Ph-CH,), 61.1 (N-CHPh-CH,), 125.4, 126.9, 127.6, 128.0,
1283, 128 4, 128.6, 1288, 129.0, 130.5, 141.0, (C,»-H), 136.2, 139.3, 140.7 (C arom.), 152.2 (N-C=N),

-1 ~ o]
163.0 (C=0); IR { m ). 1613, 1643 (v C=N), 1684 (v C= "“), e!em. a found w!cd for C;sH;N;0): C
82.30 (81.94) H 6.32 (6.05) N 7.91 (7 64), 'H-"H COSY crosspeaks: H-5/H-6, H-5/H-7, H-6/H-7, H-7/H-8.
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