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Abstract: An investigation of the effects of solvent, temperature and the bulk of the silyl and carbamate
functionalities on the stereoselective synthesis of substituted vinyl carbamates from o-silyl benzyl
carbamates is described. © 1998 Elsevier Science Ltd. Alf rights reserved.

In celebration of the discovery of the Peterson olefination 30 years ago,' we report that this reaction
affords trisubstituted vinyl carbamates in good yields and Z-selectivity from a-silyl benzyi carbamates.

The Peterson olefination is considered to be the silicon variation of the Wittig reaction. One advantage of
the Peterson olefination is that the B-hydroxysilyl intermediate can be treated with either acid or base to yield
the desired olefin products. These conversions are stereoselective and either the E- or Z-isomer can be obtained
from a single diastereomer; e.g. treatment of the erythro B-hydroxysilane with acid would favour the formation
of the E-isomer, whereas the Z-isomer would be formed under basic conditions.” Furthermore elimination of the
silanol affords disiloxanes as the by-products, which are volatile and readily removed in companson with the
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a-silyl benzyl carbamates carbanions are reacted with carbonyi compounds enhances the scope of this reaction.
Our previous investigations of the Peterson olefination of ‘butyldimethylsilyl benzyl carbamates with
aromatic carbonyl compounds provided a method for the preparation of aromatic vinyl carbamates with good Z-
se:lectivity.5 The olefin products were isolated directly when silylated benzyl carbamates are reacted with
carbonyl compounds. This is not surprising, since it is believed that the B-hydroxysilanes are only isolated if
there is no carbanion stabilising group present a to the silyl func:tionality.‘s’7 The inherent stability of the
benzylic anion, enhanced by the presence of the silyl functionality, therefore explains why the olefin products
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are isolated directly when silylated benzyl substrates are used in the Peterson olefination.®
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(Scheme 1). It is evident from the resuits that ‘Buli gives better yieids than #BuLi and therefore we decided to
use the stronger base (Table 1, entries 1 and 2). Diethyl ether was found to be the solvent of choice for
enhanced Z-selectivity (Table 1, entries 2 and 3). The reaction time and temperature%’ % did not appear to have
any significant effect on the E:Z ratio of this system (Table 1, entries 3, 4, 5 and 6). Extending the reaction time
and allowing the reaction mixture to warm to room temperature after addition of the electrophile, did however,
increase the yields of other systems (Table 2, entries 4-12), without adversely affecting the selectivity. The
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increased number of by-products detected when 1.5 rather than 1.2 eq. of base (Table 1, entries 6 and 7) was
used, was considered to be a disadvantage.

R1 R2
X a  3,4-methylenedioxyphenyl H
| BuLi Ph - OCONR; b  4-quinoline H
I3 1 -
OCONR;, —_— /\[
O R'R*CO R R? ¢ propyl H
~ 2 d cinnamyl H
la R=EFE X=TMS 3 R=E e 2-quinoline H
b R=FEt X=TBS 4 R=iPr f  2-pyridine H
e R=Et X=TP
131 DR = iPr ¥ = ThCQ T o g 2-furanyl H
G NN=iIrtT A 11vLS L~ anda Z~iISOmers
h  2-thiophene H
Scheme 1 ! phenyl H
k  4-pyridine H
i phenyl phenyi

Table 1: Results of optimising the Peterson olefination of benzyl carbamates on the model system 3a.

Substrate  Product Solvent Basea Time/hrs Yieldb.9/% E:Z10
] b 3a THF nBuLi 3 73 38:62
2 Ib 3a THF BuLi 3 79 40:60
3 ib 3a EtpO ‘Buli 3 73 4:96
4 b da Et70 ‘BuLi 1 76 5:95
5 b 3a Ety0 {BuLi 21 76¢ 9:91
6 b 3a Et20 tBul.i 5 76b.c 4:96
7 ib 3a Et20 BuLid 5 75 6:94
8 b 3a HMPA/THFe BuLi 3 80 30:70
9 1b 3a HMPA/EtyO¢ tBuLi 3 82 59:41
10 1b 3a TMEDA ‘BuLi 3 52 25:75
11 1b 3a TMEDA/EtyOf tBuLi 3 33 24:76
12 1b 3a TMEDA/THFf BuLi 3 trace 39:61

a 1.2 eq. base. b Reactions were stirred at -78°C. ¢ Reactions warmed to room temperature following the addition of the
electrophile. d 1.5 eq. of base. e2eq. HMPA.!! f1.4 eq. TMEDA.

The pioneering Peterson reactions were carried out in the polar solvents HMPAZX3*81L12 or TMEDA M
Contrary to previous observations that the diastereomeric ratio of the Peterson olefination is insensitive to
changes in temperature and variations in solvent (e.g. HMPA, 1:4 HMPA/THF, DMSO and DMF),SL‘ we
obtained better selectivity in diethyl ether. With a view to optimising the carbamate system fully, we
investigated the effects of different solvents on both the yields and E/Z-selectivity. The addition of HMPA to
both diethyl ether and THF increased the yields of the products (Table 1, entries 8 and 9). The Z-selectivity
was, however, compromised with the additon of HMPA to diethyl ether. In THF the addition of HMPA

increased the Z-selectivity by 10% (cf. entries 2 and 8), which was insignificant in comparison to the E:Z ratio

obtained in diethyl ether (entry 3). When TMEDA was used as a solvent a decrease in yield was observed,
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decrease in the yieid when TMEDA was used as a co-soivent (with preparation of the IMbDA-Li compiex)M’ in
diethy! ether, while only trace amounts of the olefins were isolated from the identical reaction in THF (Table 1,
entries 11 and 12). The latter result could be attributed to the insolubility of the anion, which is predominantly
ionic in a THFeTMEDA medium.'* HMPA is considered to be a highly solvating,” powerful ionising solvent®
resulting in the formation of a free carbanion.*® Kende and co-workers'® report that poor elimination of -

of the TMEDA-LI plexls to the benzyl silyl carbamate anio

atoms, as this would result in the formation of a bulkier intermediate than the TMEDA complex with a resultant
reduction in yield. We propose that co-ordination of HMPA occurs through the oxygen atom with a consequent
reduction in the steric bulk at the carbanion relative to the TMEDA complex. Our results indicate that optimum
yields and selectivity are obtained in the less polar weakly co-ordinating solvent, diethyl ether.

“We have shown that good Z- selectivity is obtained when 1b is reacted with aromatic carbonyl compounds
n di ethvl ether (Scheme 1, Table 2) The only exceptions were 3b and 3k (Table 2, entry 1,2 and 11). No
n

provement in :h,e,: selectivity and yield of 3b was observed at room temperature (Table 2, entry 2).
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Table 2: Results of the Peterson olefination with various aromatic electrophiles.

Substrate  Product Solvent Base2 Time/hrs  Yieldb.9/% E:Z1%

1 b 3b Et20 BuLi 5 45¢ 55:45
2 1b 3b Et70 ‘BulLi 5 61 65:35
3 1b 3b THF ‘BuLi 5 42¢ 80:20
4 1b 3b THF ‘BuLi 24 70 84:16
5 b 3b THF ‘BuLi 168 68 88:12
6 1b 3e Etr0 ‘BuLi 5 80 20:80
7 b 3 Et;O ‘BuLid 5 65 23:77
8 ib 3g EtyO ‘BuLi 5 70 17:83
9 b 3h Et70 BuLi 5 78 11:89
10 1b 3j Et70 tBuLi 5 82 9:91

11 1b 3k THF ‘BuLi 5 52 83:17
12 1b 3l EtpO BuLi 5 82 n/a

a 1.2 eq. of base was used. b Reactions warmed to room temperature following the addition of the
electrophile. ¢ Reactions were stirred at -78°C. d 1.0 eq of base was used.
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olefination is kinetically (stereochemically) controlled (Table 3). %0 Theoretically, the thermodynamically stable

product would be favoured if the reaction was allowed to equilibrate, i.e. proceed for a considerable length of
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e kinetic control of this reaction.” The E-isomer of 3b

temperature for 168 hrs (Table 2, entry 5), confirmed t
was found to be thermodynamically less stabie, rapidly converting to the thermodynamically stable Z-isomer
(Table 3) on exposure to sunlight. On exposure of a product mixture of 3b in CDClL; (E:Z = 87:13) to sunlight,
the mixture had converted to an E:Z ratio of 52:48 after one week and 19:81 after four weeks. In an attempt to
quantify these conversions we investigated the effect of ultraviolet irradiation and heating of the samples on the

rate of conversion. Exposure of the samples to ultraviolet radiation (8W and 400W) led to decomposition of the

products. Heating appears to be the more effective method for E/Z isomerisation. Direct heating of 3b in an
oven at 110°C also changed the initial E:Z ratio” of 71:29, to a final ratio of 6:94 after 192 hrs Similarly 3k,
writhh am imitial 127 wmatin AF Q2.17 wag nnmvartad ta YA TE aftae 108 lare Tha namteals ywhiah vraes saaintninad At
WILIL all 1iual L..4L, 1Ay Ul 0.1 7 wdadd VOUIIVUIILU LU L./ 0 allll 170 10D, 111G LULIUULD WIHLILLL wWCIC (lidilitaliicu L
ambient temperature in the dark did not show any isomerisation.
Tahla 2 Thearetiral d:nn]n moamentc and enaragiec of thae nlafing invectiogataed
A SMUEW Js L1llWULWwLIWGL IPUIU ARAVALINdlAND LN \ILAUIE.I.UJ Wi UWiw Viwiiilo lll'\-d\lsul\tu-
3a 3b 3¢ 3d 3e 3f 3g 3h 3j 3k
wD for E-isomer 3.73 3.28 3.87 3.77 2.36 4.14 4.58 4.96 3.80 3.54
ATy £ F - T EN 1 0L LA 3 on bR | 2 AN 1 Ny N AN ~ A4 L]
WL 10T £L-150mer 2.0V 2.70 .09 J.0U 2.4l J.44L 2.U/ .9Y J.494 3L
Eg/kcal.mol for E-isomer  6.73  6.60  7.86 15.3 105 804 223 0 3.75  12.63
Eg*/kcal.mol” for Z-isomer 0 0 0 0 0 0 0 3517 0 0
The steric and electronic repulsions between the quinoline and carbamate groups in the proposed reaction

intermediate for the Z-isomer of 3b (Figure 1), is a possible explanation for the kinetically controlled E-

et 211 Farlin A maslennlion B nind 7 calontiora D it 20 /T L1 D
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. able 2, entries 1-5). 1
entry 6) moieties (Figures 1 and 2, respectively) are considered to be comparable, the only significant difference
between these intermediates is the electronic repulsion of the 4-quinoline nitrogen and carbamate oxygen lone
pairs in 3b. A similar comparison can be drawn between 3k and 3f. Therefore, the poor Z-selectivity of 3b and

3k is attributed to electronic repulsions.
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the reduced yields observe ese aliphatic (relative to the aromatic) electrophiles could be that the silyl
benzyl carbamate anion is acting as a base, abstracting the acidic proton o to the carbonyl in the aliphatic
electrophiles, thereby quenching itself.** This would also explain why the ketones, 4-methylpent-2-one and
octan-2-one did not yield any olefin products when reacted with 1b, while citral gave a complex mixture of
products. In addition to the olefin products, the silyl enol ethers 5§ (Scheme 2), which rapidly rearrange to o-

silylcarbonyl compounds 6.25 were isolated when 1b was reacted with butanal 2¢ or cinnamaldehyde 2d (Table

4). Optimum yields of 5, and ultimately 6, were obtained when the reaction with 2¢ was allowed to proceed at
ambient temperature (Table 4, entry 1) or refluxed (entry 2). Lowerin the reaction temperature adversely
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Scheme 2
Table 4: Peterson olefination results for aliphatic electrophiles.
Substrate Electrophile Solvent Base2  Time/hrs Yield%/% E:Z19

3 Sand 6 of 3

1 1b 2¢c Et20 '‘BuLi 5 33 13 20:80
2 1b 2c EtpO fBuLi 5 41¢ 11c 12:88
3 1b 2c Et2O BuLi 5 31b 0b <1:99
4 b 2d Et7O BuLi S 59 3 35:65

a 1.2 eq. of base was used. b Reaction allowed to proceed at -78°C. ¢ Reaction was refluxed for the
indicated time.

We propose that § and 6 are obtained in a competing reaction via a carbamate rmgratlon ® onto the oxygen
anion, followed by a Brook re&qﬂgemvntzs (Scheme 2). The formation of § is attributed to the increased
stability of the B-hydroxysilyl intermediate when the benzy! carbamate is reacted with aliphatic aldehydes 4
We propose that the rate of silyl migration and O-Si elimination is rapid in the aromatic systems, so that none of
the products (5 and 6) derived from the competing carbamate migration is observed. These a.-silylcarbonyl
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Based on the results obtained by Bassindale and co-workers™ and our initial investigations of this
olefination with 1a, which showed capricious E-selectivity 2 compared with the good Z-selectivity obtained
with 1b; we investigated the effect of the bulk of the silyl functionality on the selectivity of the reaction
(Scheme 1, Table 5). The difficulties experienced in preparing 1-N,N-diethylcarbamoyloxy-1-phenyl-1-
trimethylsilylmethane 1a did, however, preclude its use in further investigations.24 Instead the use of 1-N,N-

Imethane 1d and -NNd_lel carbamoyloxy-1-pheny
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N, N-diethyl functionality, would further enhance the E-selectivity. Contrary to our expectations, variable E-
selectivity was recorded with 1d (Table 5, entries 1-6). These results are in agreement with previous results for

trimethylsilyl benzyl substrates.®

Table 5: Results of the Peterson olefination on varying the bulk of the silyl group.

Substrate Product Solven Basea Time/hrs Yieldb.9/% E:Z19

t
from Table | Ib 3a Et0  ‘BuLi 3 73c 4:96
1 id 4a Etp0  BuLi 5 764 9:91
2 1d 4a THF BuLi 5 73d 66:34
3 1d 4c EtpO fBuLi 5 63d 52:48
4 1d 4c THF ‘BuLi 5 65d 30:70
from Table 2 Ib 3e Et;0  ‘BuLi 5 80¢ 20:80
5 id 4e EtO  1BuLi s 43 43:66
6 1d 4e THF ‘BuLi 5 35 42:58
from Table 2 b 3b THF 'BuLi 24 70e 84:16
7 le 3b THF ‘BuLi 6 46 16:84
8 ic 3b THF BuLi 4 49f 13:87
9 lc 3b THF BuLi 4 638 14:86
10 Ic 30 THF 7BuLi 4 728 13:87
from Table 2 1b 3f EtoO  (BuLi 5 65¢ 23:77
11 lc 3f THF tBuLi 5 43 9:91
12 lc 3f THF nBuLi 4 658 12:88
13 Ic 3g THF nBuLi 4 738 13:86

a 1.2 eq. base. b Reactions warmed to room temperature following the addition of the electrophile at
-78°C. ¢ See Table 1 for details. d Corrected yields. e See Table 2 for details. f Reaction mixture was

[OOSR R PV 1Y) PR - g— it nftar Fnmmantinn ~AF tha

refluxed 1'01' the indicated time Iohowmg ne elcurupnuc addition at -78° \., 45 min after formation of the
anion at this temperature. g As in f, but anion was generated at 0°C.
As a consequence of the insolubility of 1c in diethyl ether, the reactions of this substrate with selected
electrophiles were carried out in THF. Using the optimum reaction conditions in THF, we observed good Z-
selectivity, in moderate yield (Table 5, entry 7), when lc was reacted with 2b. The yield of 3b was improved
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and 9). A further improvement in yield was observed when the less bulky #BuLi was used as the base (entry

10). Similar effects were observed for 3f and 3g (entries 11-13).

We observed that with the use of 1c¢ the Z-selectivity was improved in the instances where unsatisfactory
Z-selectivity or exclusive E-selectivity had been obtained previously. These results are in agreement with the
results and proposed stepwise mechanistic model of Bassindale and co-workers.’**® The observed Z-selectivity

could also be explained by a “butterﬂy” transition state analogous to the model proposed for the Peterson
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olefination of silyl Dhosnhonates with the carbamate group co-ordinating to the anion in a manner similar
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group this might be attributed to
increased electronic interactions between this functionality and the electrophile in the E-transition state,
favouring the Z-isomer.

These proposed stepwise mechanistic models do not make allowances for the observed variation in E/Z-
selectivity in different solvents (Table 1). A further consideration might be the dipole moments of the respective
isomers relative to the solvent. It has been proposed by Dimroth that® for example, the more dipolar cis-
aziridine would be the more stable isomer in polar solvents, while the reverse would be true for the less dipolar
trans-aziridine. Similar effects have been reported for conformational equilibria. Larson and co-workers'’

report that the additions of various complexing agents, e.g. TMEDA, HMPA and 12-crown-4, result in

increased Z-selectivity for the Peterson olefination of a-lithio-u~silyl esters. MM+ single point calculations™ of
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moments were 2.64 and 2.80 D. Considering the greater dipoie moment of HMPA (: or 2.33 D*°) relative
to that of TMEDA (1.10 D***%), the increased Z-selectivity observed in HMPA" is not surprising. These
solvent effects might explain some of the observed selectivities. The theoretical dipole moments for the E- and
Z-isomers of 3a are 3.73 and 3.50 D, respectively (Table 3).30 Ignoring all other effects enhanced E-selectivity
in the presence of HMPA (Table 1, entries 8 and 9) is not unexpected. A less marked effect is observed in THF
than diethyl ether, which might be attributed to the co-ordination of THF. As reported by Larson and co-
workers. " the selectivity towards the isomer with the greater dipole moment was not as marked when TMEDA

........ 111 e < - U1

The theoretical dipole moments (Table 3) indicate that with the exception of 3b, 3d, 3e, and 3k, the E-
isomers have greater dipole moments than the Z-isomers. If the dipole moments of diethyl ether (1.15 D’ or
1.29 DEO) and THF (1.75 D* or 1.32 Dm) are considered, the Z-selectivity obtained in diethyl ether as opposed
to THF (Table 1) could be attributed to solvent effects. Solvent effects do however not explain the increased E-
selectivity of 3b and 3k in THF (Table 2, entries3-5 and 11). In these instances we believe that the electronic
effects described earlier predominate. The dipole moments of the Z-isomers are of the same order of magnitude,
therefore it is proposed that an even less polar solvent than diethyl ether would enhance the E-selectivity of 3e.
The poor selectivity observed for 3d (Table 4, entry 4) is explained by the msngmficant dlfference between the

ggesting that the selectivity of th roduct would be insensitive to solvent

dipole moments of t
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selectivity reported previously with trimethylsilyl benzyl substrates,
which was used. The calculated dipole moments of the E- and Z-isomers of 1-methoxy-I1-phenyl-2-(2"-
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could be attributed to the solvent system
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The E- and Z-isomers were separated by silica gel chromatography and fully characterised by NMR
spectroscopy. The isomers were assigned based on nOe experiments. Saturating the vinyl proton gave a nOe
with the phenyl ring o to the carbamate for the Z-isomers, which would clearly be absent in the E-isomer
(Figure 3). The vinyl proton for the Z-isomer had a '"H NMR shift ca. 0.2 ppm downfield from the E-isomer for
the examples studied. These findings were in agreement with the relative predicted shifts for the E- and Z-
isomers™* and those reported for the analogous vinyl ethers.”” The '*C NMR shift for C-2 (B to the carbamate

functionality) of the E-isomers was recorded ca. 2 ppm downfield from the cnrreanmd
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Figure 3

Crystal structures for the E- and Z-isomers (Figure 4 and 5, respectively) of 3a show that for the E-isomer
the phenyl ring « to the carbamate is out of the plane (less conjugated) with dihedral angles of 64.6° between
the aromatic planes and 98.6° between the phenyl and olefin planes. In contrast, only a slight deviation from
planarity is observed for the Z-isomer with an angle of 14.6° between the phenyl and 3.4-
methylenedioxyphenyl planes and a 19.6° angle between the phenyl and olefin planes. Another interesting
observation regardmg the crystal structure of the Z-isomer of 3a (Figure 5) is the distortions of the sn bond
angles The angle ® H1-C2-C3 is 95.7°, with the remammg two angles about C2 being of the order of 130° - a
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conjugated, thermodynamically stable system, the Z-isomers (e.g. in 3a and 3b) have distorted sp angles to
avoid extreme deviations from planarity, which would diminish the extent of conjugation. The UV spectra of
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the E- and Z-isomers of 3a indicate a bathochromic shift (20 nm) for the Z-isomer relative to the E-isomer in

acetonitrile, The crystal structures of 3a in combination with these UV spectra confirm that the conjugation in
the E-isomer is weaker than in the Z-isomer which, based on the proposals of Kimmelma and Toivo,” is in
agreement with our NMR observations for all the examples studied.
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From the crystal structure and molecular modelling experiments for the Z-isomer of 3a, it is evident that
one ethyl group is in closer proximity to the aromatic substituent. Though we realise that the behaviour of the
molecule in the solid state, a rigid medium, is not identical to its behaviour in solution, distinct signals are
observed for the diethyl groups on the carbamate functionality3 7 in the solution NMR spectra of the Z-isomers
studied (the exception being 3b). This is a further manifestation of the spatial arrangement of these Z-isomers
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in restricted rotation of the N N-diethyl group placing these ethyl grou
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environments. As a consequence of this restricted rotation about the amide bond of the carbamate, a ca. 0.2 ppm
upfield shift for the N-Et protons shieided by the aromatic ring was observed. We therefore propose that th
solution conformations of the compounds studied do not deviate substantiaily from their solid state and
proposed gas phase conformations. Furthermore, the crystal structures of the E-isomer of 3a and the Z-isomers
of 3a and 3b confirm the nOe results for the assignments of the E- and Z-isomers (Figures 4 - 6).

The 'H NMR spectra of these olefins are particularly interesting since the spectra obtained for the E- and
Z-isomers are so distinct. The unusual 'H spectrum obtained for the E-isomer of the 3,4-methylenedioxyphenyl
system 3a, led to some debate regarding the structure elucidation of this product. The 'H NMR of the E-isomer
did not show the expected ortho splitting between the H-5" and H-6" on the 3,4-

1 N
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the E-isomer of 3a in CcDs did, however, show the expected splitting pattern for the 3,4-methylenedioxy-
system. Confirmation of the structure was obtained from the crystal structure (Figure 4). It therefore appears
that in CDCl, the 3,4-methylenedioxyphenyl group shows degenerate signals for H-5"" and H-6" in the 'H NMR
spc:ctrl.lm.38 The "*C NMR signal for C-2',-6’ (of the phenyl ring a to the carbamate) is distinct at ca. 129 and
124 ppm in the E- and Z-isomers, respectively, of the examples studied.
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is evident th the 1-'butyldimethylisilyi-1-N, N-
diethylcarbamoyloxy-1-phenylmethane 1b system. Optimum Z-selectivity is obtained when I-NN-
diethylcarbamoyloxy-1-phenyl-1-triphenylsilylmethane 1c¢ is used. In the latter case the steric/electronic bulk of
the triphenylsilyl-moiety appears to be the overriding factor promoting Z-selectivity.

Acknowledgements: The Authors wish to thank Prof. N. de Kimpe for useful discussions regarding the
structural elucidation of 3a, Miss N. Ramesar for assistance with the crystal structures, and P. H. Mason and O.
Q. Munro for discussions regarding the molecular modelling. We also thank the University of Natal and the
FRD for financial

Experimental
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ppd.l tus aid are uncorrected.

P &
spectra were recorded as solutions in the specified solvents and are reported in parts per million (ppm, §)
downfield from internal tetramethylsilane (TMS). Mass spectra were recorded on a Hewlett-Packard gas
chromatographic mass spectrometer (HP5988), using electron ionisation at 70eV. High resolution mass
spectrometry (HRMS) was performed on a Kratos MS 9/50 instrument. Analytical GC analyses were performed
on a Varian 3300 instruments fitted with a 15m DB-1 column. Elemental analyses were performed on a Perkin-
Elmer 2400 CHN instrument. X-ray crystallography was carried out on an Enraf Nonius CAD-4 diffractometer

and solved using ShelX 76 and 93
TLITL ~end diathe]l athne cxonm x Aiatillad A / + 1
THF and diethy! ether were twice distilled over sodium/potassium amalgam under a nitrogen atmosphere

]

All reagents were dried using standard techniques and distilled prior to use. The glassware was flame dried and
all the reactions were carried out under a nitrogen atmosphere. Silica gel chromatography was performed by
centrifugal thin layer chromatography on Merck silica gel 60 (230-400 mesh).

Molecular Mechanics Calculations: Energy-optimised geometries were obtained using the MM+ force
field of Hyperchem30 with a refinement termination criterion of 0.05 kcal.mol™ (Polak-Ribiere conjugate
gradient algorithm). Structural parameters and molecular dipole moments were obtained from single-point

calculations on all minimum energy conformations.
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General procedure A for the preparation of silylated benzyl carbamates s :** To a solutio

0,
carbamate (1 eq.) and silyl chloride (1 eq.), in anhydrous THF, cooled to -78°C (acetone/CO,) under an
. T o ~ cma adAsA Ae ot AL et o ) M s innmndrina fae ) hea tha
atmosphere of nitrogen, ”BuLi (2.2 eq.) was added dropwise. After stiming ture for 2 hrs the

reaction was quenched with saturated NH,CI and allowed to warm to room temperature.
was extracted with diethyl ether, dried over anhydrous MgSO, and concentrated in vacuo to afford the crude

The reaction mixture

products which were purified by distillation or chromatography.
1-N,N-Diethylcarbamoyloxy-1-phenyl-1-trimethylsilylmethane (1a) 40
The above procedure was modified for the preparation of the title compound so that the formation of bis-
silylated products® from benzyl N,N-diethylcarbamate*' and trimethylsilyl chloride could be minimised. LDA
) was added to a solution of the benzyl carbamate in anhydrous THF, cooled to -78°C (acetone/CO,),

4] ‘
g.) was a Sol tne oe
ide after 30 min. The reactio mixture was stirred at this

l
i i A er 30 min, 1 he reaction mixiur wWda > it a4l til

temperature for a further 30 min before it was quenched with saturated NH,Cl and allowe

(=%
5
£
:
5
2
3

temperature. The workup was as described previously. Purification by flash chromatogr:

Et,O/hexane yielded the desired product as a colourless oil (34%); & (200 MHz; CDCly) 0.02 [9H, s, -
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Si(CH;)), 1.15 [6H, br, =OCON(CH2C5_3)2}, 3.49 (4H, br, -OCON(CQ’ZMHQZ}, 5.55 (.“, s, H-1), 7.13 3H, ¢,
H-3’, H-4' and H-5") and 7.25 (2H, ¢, H-2' and H-6"); &c (50 MHz; CDCI;) -3.80 [3 x I;, -Si(CH;);], 13.58

[CH;, -OCON(CH,CH;),], 14.21 [CH;, -OCON(CHZQH3)2], 41.45 [CH,, -OCON(_C_’HZCH3)2], 42.01 [CH,, -
OCON(CH,CHjy),], 71.96 (CH, C-1), 124.94 (2 x CH, C-3' and C-5'), 125.79 (CH, C-4'), 128.13 (2 x CH, C-2'
and C-6'), 140.91 (q, C-1") and 155.95 [C=0, -OCON(CH,CH,),]; m/z (EI) 279 (M", <1%), 187 (29), 144 (52),
135 (11), 105 (9), 100 (25), 91 (9), 77 (7), 73 (100) and 72 (35).
1-'‘Butyldimethylsilyl-1-V,N-diethylcarbamoyloxy-1-phenylmethane (1b)39

eneral procedure A, from benzyl N N-diethylcarbamate and

] » o
was al m-eial 148 < v, AiQL1 al Ll Qall

ana

desired product as a paie yellow oii (80%); &; (200 MHz; CDCl;) -0.16 [3H, s, -Si(CH;),C(CH,);], 0.08 [3H, s
-Si(CH;),C(CH;)5], 0.91 [9H, s, -Si(CH;),C(CHs),], 1.40 [6H, br d, -OCON(CH,CH;),], 3.35 [4H, br, -
OCON(CH,CH;),], 5.71 (1H, s, H-1), 7.20 (SH, ¢, ArH); & (50 MHz; CDCl;) -8.48 [CHj;, -Si(CH;),C(CHj);],
-7.45 [CH,;, -Si(CH;),C(CHj;)3), 13.50 [CH,, -OCON(CH,CH,),], 14.29 [CH;, -OCON(CH,CHj),], 16.97 [q, -

Si(CH;),C(CH,);), 26.79 [3 x CHj, -Si(CH,),C(CH,);], 41.41 [CH,, -OCON(CH,CH,),], 41.85 [CH,, -
OCON(CH,CH, x CH, C-3' and C-5"), 125.95 (CH, C-4'), 128.13 (2 x CH, C-2'
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1.
i-N,N-Diethyicarbamoy
The title compound was prepared by general procedure A from benzyl N, N-diethylcarbamate and
triphenylsilyl chloride. The crude product mixture afforded the desired product as colourless prisms after
recrystallisation (50% yield); mp 120-122°C (from EtOAc/hexane); (Found: C, 77.2; H, 6.9; N, 2.9;

C,oHy NO,Si requires C, 77.4; H, 6.7; N, 3.0%); & (200 MHz; CDCl;) 0.96 [6H, br, -OCON(CH,CH;),], 3.18

777777 2 AN
and 7.39 {ISH, m, -sl(csﬁs)ﬁ, 5C (50 MHz, cncaa) 13.52 [CH,, =0C0N(u.k“3)2], 13.84 {CH3, -
OCON(CH,CH,),], 41.22 [CH,, -OCON(CH,CH,),], 42.05 [CH,, -OCON(CH,CH,),], 69.87 (CH, C-1),

-4"), 127.21 (2 x CH, C-2’ and C-6'), 127.72 [6 x CH, -Si(C¢H;);], 127.81 (2 x CH, C-3' and C-
5N, 129.81 [3 x CH, -Si(C¢H;);], 132.09 [3 x q, -Si(C¢Hs);], 136.35 [6 x CH, -Si(C¢Hs)s), 139.27 (q, C-1') and
155.75 [C=0, -OCON(CH,CH,),]; m/z (EI) 277 (8%), 276 (30), 199 (100), 152 (19), 122 (30) and 77 (35).
1-N,N-Diisopropylcarbamoyloxy-1-phenyl-1-trimethylsilylmethane (1 a)*
The title compound was prepared by general procedure A from benzyl N,N-diisopropylcarbamate and
trimethylsilyl chloride. Purification by flash chromatography eluting with 10% Et,O/hexane afforded the
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OCON|[CH(CH;),),}, 3.93 {2H, br, -OCON[CH(CH;),]»},
MHz; CDCly) -3.67 [ 3 x CH;, -Si(CH;);], 20.81 {4 x CH3, -OCON[ H(_ 3)2]2} 4590 {
OCON[CH(CH,),],}, 71.92 (CH, C-1), 125.11 (2 x CH, ArC), 125.63 (CH, ArC), 128.01 (2 x CH, Ar(),
140.90 (q, ArC) and 155.43 {C=0, -OCON[CH(CH,),],}.

General procedure B for olefin preparation: A solution of 1-fbutyldimethylsilyl-1-N, N-
dlethylcarbamovloxv 1 nhenvlmethane 1b (1 mmol) in anhydrous Et,0 or THF (5 ml) was cooled to -78 °C
(acetone / solid CO,) under an atmosphere of nitrogen with stirring. fBuLi (1.2 eq.) was added slowly and the

A2 under ar U1 THUUECIL Willl SLill

mixture stirred at this temperature for 45 minutes. A solution of the electrophxle (2 eq.) in the selected solvent
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0merw1se) before is was quencnea with a saturated aqueous Nl solution and exiracted with l:le (.5 x 10

)
=

ml). The combined ether extracts were dried over MgSO,, filtered and the solvent evaporated to yield the crude
reaction mixture, which was purified by centrifugal thin layer silica gel chromatography as indicated.

General procedure C for olefin preparation: A solution of 1-N N-diethylcarbamoyloxy-1-phenyl-1-
triphenylsilylmethane 1e¢ (1 mmol) in anhydrous THF (5 ml) was cooled to 0°C (ice / water) under an
atmosphere of nitrogen with stirring. ”BuLi (1.2 eq.) was added slowly and the mixture stirred at this

ternperature for 45 minutes. A solution of the electrophile (2 eq.) i

cliqatille 1 211D, 133 4 Wit il

,1

hours (unless stated otherwise). The reaction mixture was allowed to cool to room temperature over an hour,

N

TY N1 1 "

prior to quenching with a saturated aqueous NH,CI solution and extracting with Et,O (3 x 10 mi). The
combined ethereal extracts were dried over MgSQ,, filtered and the solvent evaporated to yield the crude
reaction mixture, which was purified by centrifugal thin layer silica gel chromatography as indicated.

General procedure D for olefin preparation: As for general procedure B, using 1-MN-
diisopropylcarbamoyloxy-1-phenyl-1-trimethylsilylmethane 1d as the substrate.

(E)-1-N,N-Diethylcarbamoyloxy-2-(3", 4’-methylenedioxyphenyl)-1-phenylethene (3a)

The title compound was prepared by general procedure B, using 3,4- methylenedloxybenzaldehyde as the

imum FE-selectivity was obtained when the solvent used was THF. Purification bv silica
At AW LA T R v ~ AANNS LAl A RAAN WA ¥ Wwadw oF s A AR WwAALANS A, ~
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C(,H(,/ Et20/ hexane) (Found: C, 71.1; H, 6.4; N, 4.2; C20H21N04 requires C, 70.8; H, 6.2; N, 4.1%); &4 (200
MHz; CDCl;) 1.12 [3H, t, J 6.9, -OCON(CH,CH,),], 1.21 [3H, t, J 7.0, -OCON(CH,CH;),], 3.33 [4H, c, -
OCON(CH,CH,),], 5.84 (2H, s, H,-7""), 6.39 (1H, s, H-2), 6.54 (1H, dd, J 1.62 and 1.05, H-2""), 6.63 (2H, d, J
1.1, H-5" and H-6""), 7.27 (3H, ¢, H-3’, H-4' and H-5") and 7.38 (2H, ¢, H-2' and H-6'); nOe 6.39 ppm (interacts

with H.2 and H_A'"Y and 5 84 nnm (interacts wit 2" and H-5"Y &~ (50 MHz: CDClL.) 13.19 ICH., -
YYLULE 1A L CAlind 12\ } UlINEG AU Pylll \1Alyvluvw FVibidi Li & LA AR Js UL \wV i¥aiin, \-ll_—\_ﬂl."’ a7 b L 30
aYala\N 7l t W A Y 14 1£ [OLT 'aYala\N/7Ta) s WA S A | Al £n LY NN O Y ] A1 Q1 LT -
ULUIN(LIL )], 19410 [LIl3, ~VULUINUIHL T3 ), 1.0V jullp, “ULUINMLIDLIL ), 71.00 0 |11,

P Yarlat S 7o b i at & 1 AN e T LI A A AL LANTT /N SN 1IND LAY AN TINNASAIT M AN 1N N ML
OCON(CH,CH,),], 100.72 (CH,, C,-7), 107.94 (CH, C-5"), 108.64 (C-2"), 119.04 (CH, C-2), 122.98 (CH, -
6"), 128.19 (2 x CH, C-3' and C-5'), 128.44 (CH, C-4'), 128.47 (q, C-1""), 128.62 (2 x CH, C-2’ and C-6'),

135.02 (g, C-1"), 146.35 (g, C-4""), 146.95 (q, C-1), 147.16 (q, C-3") and 153.99 [C=0, -OCON(CH,CH,),}; &4
(200 MHz; C,Dy) 0.89 [6H, br, -OCON(CH,CH,),], 3.06 [4H, q, J 7.1, -OCON(CH,CH,),], 5.21 (2H, s, Hy-
7), 6.44 (1H, d, J 7.96, H-5"), 6.53 (1H, s, H-2), 6.60 (1H, ddd, /8.0, 1.7 and 0.7, H-6"), 6.67 (1H, d, J 1.7, H-
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YCON(CH,CHs,),], 42.63 [CH,, -OCON(CH,CHj,),], 101.39 (CH,, C,-7"), 108.91 (CH, C-5
2"), 120.46 (CH, C-2), 124.06 (CH, C-6""), 129.06 (2 x CH, C-3' and C-5'), 129.25 (CH, C-4), 129.76 (g, C-
1), 129.97 (2 x CH, C-2' and C-6), 136.65 (g, C-1"), 147.59 (q, C-1), 148.36 (g, C-4""), 148.52 (g, C-3"") and
154.46 [C=0, -OCON(CH,CHy),]; m/z (EI) 340 (M"+1, 6%), 339 (M, 28), 165 (3), 152 (4), 100 (100), 77 (3)
and 72 (35); UV (CH,CN) 210 nm (¢ = 32107 M"'cm™) and 302 nm (g = 10529 M'em™).
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electrophile. Optimum Z-selectivity was obtained when the solvent used was Et,O. Purification by silica gel
chromatography eluting with a 10-30% Et,O/hexane gradient enabled the separation of the title compound as
pale yellow plate-like crystals, from its geometric isomer (76% olefin yield, £:Z = 7:93); mp 125-126 °C (from
20% Et,0O/hexane); (Found: C, 70.8; H, 6.3; N, 4.1; CyH;;NO, requires C, 70.8; H, 6.2; N, 4.1%); &, (200
MHz; CDCl;) 1.14 [3H, t, J 7.1, -OCON(CHZCLI3)2] 1.31 [3H, t,J 7.1, -OCON(CH,CHjs),], 3.34 [2H, q, J 7.1,

N\ £ 74 11T A4
J» V. /U (1M1, U,
T
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-3, -4 and H-
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5"*) and 5.92 ppm
(interacts with H-2""); & (50 MHz; CDCI3) 13.28 [CH;, -OCON(CHZ_C_'H3)2], 14.50 [CH;, -OCON(CH,CH;),],
41.68 [CH,, -OCON(CH,CH,),], 41.96 [CH,, -OCON(CH,CH,),], 101.05 (CH,, C,-7"), 108.25 (CH, C-5"),
108.35 (CH, C-2'"), 116.46 (CH, C-2), 123.34 (CH, C-6""), 124.56 (2 x CH, C-2' and C-6'), 128.14 (CH, C-4),
128.55 (2 x CH, C-3’ and C-5"), 128.84 (q, C-1"), 136.66 (q, C-1'), 145.71 (q, C-1), 146.83 (q, C-4"), 147.72

(a C-3"Yand 1532 QO IC=0) nr‘nN((‘HJ“I—L\J- m/z (ED 340 (M++l 'In“/k\ 339 (M 40‘\ 152 (4Y. 100 (100)
(g, C-3") and 152,99 [C=0, -OCON(CH,CH;);}; m/z (EI} 340 (M ' +1, 33 9), 152 (4), 100 (100
70 and T (2N fo = m2 mal’ NN TTV (O ONY 290 nm (e = 2799472 M ar” l\ 700 nm (e = 10640 M Llan 1y and
/7 \J} aliud /7 4 \JL}. \ta 111 111Vl }, vy \\4113\./1‘} J&LU LU \Cp ik k™D LYL Lild }, 77 111 \C« 1 ZUVUV 1Vl Uil } ailu
~AN . £ _‘f’f\"f‘rl,,A‘l\

20 0miE = 10Y30 v Cm )

(E)-1-N,N-Diethylcarbamoyloxy-1-phenyl-2-(4''-quinolyl)ethene (3b)

The title compound was prepared by general procedure B and C, using 4-quinolinecarboxaldehyde as the
electrophile. Optimum E-selectivity was obtained with general procedure B in THF (24 hours). Purification by
silica .gel chromatography eluting with a 30-70% Et,O/hexane gradient enabled the separation of the title

isomer (70% olefin yield, £:Z = 84:16); &y (200 MHz; CDCl;)
.30 [3 t, J 7.1, -OCON(CH,CH;),], 3.37 [2H, J 7.1, -

1 4 711 I 704
11, Gy v 1.1, 11=4), 7.UC0

H-3"), 7.21 (5H, m, ArH), 7.55 (1H, ddd, J 8.3, 6.9 and 1.3, H-6"), 7.72 (1H, ddd, J 8.4, 6.9 and 1.5, H-7"),

8.11 (1H, ddd, J 8.4, 1.3 and 0.6, H-8""), 8.20 (1H, ddd, J 8.3, 1.5 and 0.6, H-5"") and 8.66 (1H, d, J 4.5, H-2");
nOe 8.66 ppm (interacts with H-3"" and H-2), 6.89 ppm (interacts with H-3" and H-3"), 8.11 ppm (no

interaction) and 8.20 ppm (interacts with H-2); & (50 MHz; CDCl;) 13.28 [CH;, -OCON(CH,CHj,),], 14.32
[CH;, -OCON(CH,CH;),], 41.79 [CH,, -OCON(CH,CHy,),], 42.07 [CH,, -OCON(CH,CH,),], 114.70 (CH, C-

.53 (CH, C-3'"), 124.90 (CH, C-5"), 126.63 (CH, C-6"), 127.06 (q, C-4a’"), 128.23 (4 x CH, C-2', C-3',
C-5' and C-6"), 128.95 (CH, C-4"), 129.49 (CH C-7"), 129.64 (CH, C-8"), 134.04 (q, C-1", 141.63 (q, C-4"),

< iy | - il Arasy 0

148.22 (q, C-8a”), 149.81 (CH, C-2"), 151.04 (q, C-1) and 153.69 [C=0, -OCON(CH,CH,),]; m/z (EI) 347

1nAN Ill\l\\ Y LAY A I AN, ITDRAC Dol ‘)A£ 1((\4
/7 (#) ala /<4 {(40), IIR\VIO round. 5490, Js

o at 114/

(M'+1, <i%) 346 (M, 2), 114 (2), 101 (7), 100 (100),
C4,H3,N,05 requires 346.1681.

(Z)-1-N,N-Diethylcarbamoyloxy-1-phenyl-2-(4"'-quinolyl)ethene (3b)

The title compound was prepared by general procedures B and C, using 4-quinolinecarboxaldehyde as the
electrophile. Optimum Z-selectivity was obtained using general procedure C. Purification by silica gel
chromatography eluting with a 30-70% Et,O/hexane gradient enabled the separation of the title compound as
pale yellow needle-like crystals, from its geometric isomer (72% olefin yield, E:Z = 13:87); mp 105°C (from
: (Found: C, 76.2; H, 6.4; N, 8.0; C,,H,,N,0; requires C, 76.3; H, 6.4; N, 8.1%); oy

Suna: ©, /0.4, i, 0.5, i\, 8.V, 321133 (e U DU § PR B

B+ Y 1 amd b n
Ly, L)Ly aiild
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Fol, "UCUN{UL U ], .48 |21, {, o /.1, ~UCUN(UO U ), /.10 (11, 5, =4), .43 (o1, ¢, H-5, -9 and

H-5"), 7.53 (1H, dd, J 4.6 and 0.8, H-3""), 7.53 (1H, ¢, H-6"), 7.67 (3H, ¢, H-2', H-6' and H-7'"), 8.09 (1H, dd, J
8.4 and 1.2, H-5"), 8.15 (1H, dd, J 8.4 and 0.8, H-8"') and 8.87 (1H, d, J 4.6, H-2""); nOe 8.87 ppm (interacts
with H-3") and 7.15 ppm (interacts with H-2', H-6' and H-5"); & (50 MHz;, CDCl;) 13.13 [CH,, -

=3

OCON(CH,CH,),], 14.19 [CH,;, -OCON(CH,CHj),], 41.69 [CH, -OCON(CH,CH,)], 41.99 [CH,, -
OCON(CH,CH;),], 111.54 (CH, C-2), 120.31 (CH, C-3"), 124.52 (CH, C-5""), 125.18 (2 x CH, C-2’ and C-6"),
126.53 (CH, C-6"), 126.80 (q, C-4a"), 128.73 (2 x CH, C-3' and C-5'), 129.25 (CH, C-4), 129.27 (CH, C-7"),
129.84 (CH, C-8”), 135.67 (g, C-1"), 140.35 (g, C-4"), 148.39 (q, C-8a"), 149.82 (CH, C-2"), 150.72 (g, C-1)
and 152.83 [C=0, -OCON(CH,CH,),]; m/z (EI) 347(M"+1, 2%) 346 (M", 7) 217 (3), 100 (100), 77 (5) and 72

1
(44); HRMS Found: 346.1691, C,,H;,N,0, requires 346.1681. The structure of the title compound was
confirmed by a crystal structure.
(E)- and (Z)-1-N,N-Diethylcarbameoyloxy-1-phenylpentene (3c¢)
The title compounds were prepared by general procedure B in Et,0, using butanal as the electrophile. The
yield and Z-selectivity was optimum when the reaction was refluxed for 5 hours. Purification by silica gel
chromatography eluting with a 0-15% Et,O/hexane gradient enabled the separation of the title compounds as a

colourless liquid, from the by-products (5¢/6¢) (41% olefin yield, £:Z = 12:88); (Found: C, 73.1; H, 9.4; N, 5.4;

AT T 0N rtAI 7

C,,H;3NO, requires C, 73.5; H, 9.1; N %); &y (200 MHz; CDCly) 0.6 3H-min, t, J
maj, t, J 7.4, H;-5), 1.15 [3H, t, J 7.0, -U(,ON(CH CH,),], 1.27 [3H, t, J 7.0, -OCON(CH,CH,),], 1.
sextet, J 7.4, Hy-4), 2.15 (2H, q, J 7.4, H,-3), 3.34 [2H, q, J 7.1, -OCON(CH,CHj;),], 3.46 [2H, q, J 7.
OCON(CH,CH,),], 5.47 (1H-min, t, J 7.7, H-2), 5.79 (1H-maj, t, J 7.4, H-2) and 7.31 (5H, m, ArH); nOe 5.47
ppm (no correlation) and 5.79 ppm (interacts with ArH); &. (50 MHz; CDCly) 13.22 [2H, q, J 7.1,
OCON(CH,CH,),], 14.25 [2H, q, J 7.1, -OCON(CH,CH,),],13.59 (CH;-min, Cq-S) 13.77 (CHy-maj, C;-5),

ffffff 37443 S/4a

7

raYale} N4 A1 Q0 LI OCON(CH,CH),1. 117.72 (CH-maj, C-2), 11 SO (CH_pin C2) 12415 (2
v LV\\.«I"lzbll:;}zJ 1,07 i1, TN TIPUERY 2]y BT 7 & \NRATITR)y NTh )y LR e 7 \NhRTITRE by T )y LT \&
Pt 61 ~ £ LN 1AM AN YT If\"l TA FOTIT s AN 17 0D (D) MIT o O 2 nnnd M
x CH-maqy, C-2" and L-0'), 12/7.4Y -maj, C-4 ), 127,74 (UN-MiA, U=4' ), 141.04 (< X U=, U-3 aiid -

-~ -

C .
5"), 127.91 (2 x CH-min, C-2' and C-6' "), 128.15 (2 x CH-maj, C-3’ and C-5%), 134.91 (q-min, C-1°), 135.8
(g-maj, C-1"), 146.37 (q, C-1), 153.36 [C=O(maj), -OCON(CH,CH,),] and 154.37 [C=O(min), -
OCON(CH,CH,),] ; m/z (EI) 262 (M™+1, 1%), 261 (M7, 5), 145 (2), 128 (2), 105 (20), 100 (100), 91 (6), 77
(28) and 72 (54).

(1E, 3E)- and (1Z, 3E)-1-N,N-diethylcarbamoyloxy-1,4-diphenylbuta-1,3-diene (3d)

The title compounds were prepared by general procedure B in Et,O, using cinnamaldehyde as the
a 5-25% Et,0O/hexane gradient enabled the

~I

electronhile. Purification bv silica gel chromatography eluting with

1 ophile. Puniication by silica gel chro graphy 4

separation of the title compounds from the by-nroducts (54/6d). Further chromatogranhic nurification elutin Ing
acpmauuu Ul Uiv UUL VUILPUULIMD LIV W UYTHIVUUWL (VW WM/, 1 Wl Wi VAl VLG LU paGpraily s L.-.. $ 19} 8 Y

with a 10-35% CH,Cl,/hexane gradient afforded the title compounds as a orange-yellow oil (59% olefin yield,

e PR o~y

1E3E:1Z,3E = 35:65); & (200 MHz; CDC);) 1.14 [3H-mgj and 6H-min, ¢, -OCON(CH,CHs),], 1.32 [3H-mgj,
t, J 7.0, -OCON(CH,CH,),}, 3.33 [2H-maj and 4H min, ¢, -OCON(CH,CH;),}, 3.51 [2H-mqj, q, J 7.0, -
OCON(CH,CH,),], 6.31 (1H-min, d, J 11.2, H-2), 6.59 (1H-mqj, d, J 10.8, H-2), 6.62 (1H-min, d, J 15.6, H-4),

* Interchangeable assignment.

RS



668 (1Hemar 4. J15.7 H-4) 700 (1H-ma/ dd. J 156 and 10.7. H-3Y. 701 (1H-min. ddd. J156. 111 and 0 &
VeV (B AATITN g Ny &/ LS iy AATTY YV \iia By MMy U LY QAN AV T AATT Jy 1V L \LRATITRMIE, VUL, W 1 UV, L1 Al VLU,
LI_2Y 717Q (OLT ... IT 21 TY¥ A7 LT &f pend AMIN o0nd T AQ /LY e 1T O 3 TIT 2NN, M £ 11 . R
-s), /.40 \oIl, 1i1, 11-0 , 119, I1-J dld Nl (1) id /.97 (<1, 11, I1=£4 dild =0 ), HUC 0.01 p lln[CrdCIS Wlm

H-4 (min)}; & (50 MHz; CDCl;) 13.39 [CH,, -OCON(CH,CH,),], 14.58 [CH;, -OCON(CH,CH,),], 41.89
[CH,, -OCON(CH,CHj),], 42.17 [CH,, -OCON(CH,CH,),], 117.22 (CH-maj, C-2), 119.88 (CH-min, C-2),
122.31 (CH-maj, C-3), 123.71 (CH-min, C-3), 124.34 (2 x CH-maj, C-2' and C-6'), 126.31 (2 x CH-min, C-2"
and C-6"), 126.42 (2 x CH-maj, C-2"" and C-6"), 127.67 (CH-maj, C-4" ), 128.23 (CH-maj, C-4'"), 128.29 (2 x
CH-min, ArC), 128.33 (2 x CH-min, ArC), 128.52 (2 x CH, ArC), 128.58 (2 x CH, ArC), 133.50 (CH-min, C-
4\ 133.53 ((‘H-mm C- 4\ 135. 17((1 min, C-1'"), 135.39 (n maj. C-1"". 137.27 (q-min C-11, 137.31 {n mai. C-

T

............. LN

7
142 ON fn_wnn .1 1524
A 1J3.5

11, 147.00 (g-maj, C-1) - - 0 TC=0omai o CLI YT a A NS (O=_nainn _
1 j 1=r7.uvu L{ Ill“ A } l"'U Fav) \\1 Trekriy l], AV L\./ A4 lf‘“J, ‘\__1_\[1‘ 112L11].3}2J abiu . Uo L\./ s "ll’l,
OCON(CH,CH,),J; m/z (EI) 322 (M*+1, 2%), 321 (M", 7), 115 (6), 105 (8), 100 (100), 77 (8) and 72 (40);

HRMS Found: 321.1737, C,H,3NO, requires 321.1729.
(E)-1-N,N-Diethylcarbamoyloxy-1-phenyl-2-(2''-quinolyl)ethene (3¢)
The title compound could not be isolated with a degree of purity allowing full characterisation.
(£)-1-N,N-Diethylcarbamoyloxy-1-phenyl-2-(2"'-quinolyl)ethene (3¢)
The title compound was prepared by general procedure B in Et,0, using 2-quinolinecarboxaldehyde as
the electrophile. Purification by silica gel chromatography eluting with a 50-80% Et,O/hexane gradient enabled

ompound as orange-brown rectangular crystals, from its geometric isomer (80%

dly, 1101 S-Vi 13

=] <
(]
e

C,,Hy,N,0, requires C, 76.3; H, 6.4; N, 8.1%); &; (200 MHz; CDCl;) 1.14 [3H, t, J 7.1, -OCON(CH,CH;),],
134 [3H, t, J 7.1, -OCON(CH,CH,),], 338 [2H, q, J 7.1, -OCON(CH,CH;),], 3.64 [2H, q, J 7.1,

OCON(CH,CH,;),], 7.04 (1H, s, H-2), 7.41 (3H, ¢, H-3', H-4' and H-5"), 7.49 (1H, ddd, J 8.1, 6.9 and 1.2, H-
6", 7.67 (4H, ¢, H-2’, H-6', H-3" and H-7""), 7.76 (1H, dd, J 8.0 and 1.3, H-5"), 8.02 (1H, dd, J 8.6 and 1.2, H-
8'") and 8.09(1H, dd, J 8.6 and 0.7, H-4""); nOe 7.04 ppm (interacts with H-2’, H-6' and H-3"); & (50 MHz;

CDCly) 13.36 [CH;, -OCON(CH,CH,),], 14.58 [CH;, -OCON(CH,CH;),], 41.97 [CH,, -OCON(CH,CH,),]
42.18 [CH,, =OC0N(QHQCH3}7}, 116.98 (CH, C-2), 121.79 (CH, C-3"), 125.26 (2 x CH, C-2' and C-6"),
126.25 (CH, C-6""), 126.81 (q, C-4a"), 127.37 (CH, C-5"), 128.64 (2 x CH, C-3' and C-5'),129.15 (CH, C-4"),
129.18 (CH, C-8""), 129.44 (CH, C-7"""), 135.88 (CH, C-4""), 136.08 (g, C-1"), 148.12 ( , C-82"), 150.60 (g, C-
1), 153.06 [C=0, -OCON(CH,CHs),] and 154.35 (q, C-2""); m/z (EI) 347 (M'+1, <1%) 346 (M, 2) 227 (10),

217 (4), 100 (100), 77 (5) and 72 (47); HRMS Found: 346.1695, C,,H;;N,0O, requires 346.1681.
(E)-1-N,N-Diethylcarbamoyloxy-1-phenyl-2-(2"'-pyridyl)ethene (3f)
The title compound was prepared using general procedures B and C, using 2-pyridinecarboxaldehyde as
the electrophile. Optimum E-selectivity was obtained with general procedure B in Et,0. Purification by silica
gel chromatography eluting with a 30-50% Et,O/hexane gradient enabled the separation of the title compound

ne o vallaw heaum il fram ite ganmatein icamar (A304 Alafin vield F-7 =24-76Y A. (200 MH=- CDC1.Y 1 18
ad> a YCLUW=ULUWIL Ull, 1L1ULL 10 EUULLIVULIEL 1DULLIVE (U0 /70 Vil yivil, 0.4 LT i Jy UIJ\&VV 1VIL1Ly wir i) 2020
FrTY NNMDVNNTATT ATTIN Y Y AL TAYT NI AT N £ 0 11T o IT O £ 0L 11T Fon LI 2N
{6H, m, -OCON(CH,CH,),], 3.36 [4H, m, -OCON(CH,CHj;),]}, 6.60 (iH, s, H-2}, 6.96 (1H, a, / 3.0, h-5"),
- 7 3 = - - T P o ‘1 14 AR & S AIAN
7.03 (1H, ddd, J 7.5, 4.9 and 1.0, H-5""), /54(0H,m,Ar_t_1_andH—4 ) and 8.51 (1H, dd, J 4.4 and 1.6, H-6"");

nOe 6.60 ppm (interacts with H-3"); & (50 MHz; CDCly) 13.34 [CH,, -OCON(CH,CH;),], 14.31 [CH;, -

OCON(CH,CH,),], 41.90 [CH,, -OCON(CH,CHj),], 42.08 [CH,, -OCON(CH,CH;),], 119.98 (CH, C-2),
121.47 (CH, C-3"), 123.74 (CH, C-5""), 128.34 (2 x CH, C-2' and C-6'), 128.89 (2 x CH, C-3' and C-5"),
129.05 (CH, C-4"), 134.88 (q, C-1"), 135.61 (CH, C-4"), 149.33 (CH, C-6"), 151.32 (q, C-1), 153.83 [C=O, -
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+

OCON(CH,CH.),1 and 154 A2 (g C2'"Y m/= (ETY207 (MY 41 <104y 906 (MY SY 180 72y 197 70N 167 7y 100
A9 Wiy 0] Gl 1 U0 (Y, Ve )y VL \DL) 477 \IVL T, S1/0), «70 UVl , J), 10U J), L7/ {0), 10/ {J), 1UU

FINANAY 7T 4IN e A 1Y VN, ITDRAO T .. 1. NN 1AM Y TT AT M AN, 1o~

(1UU), 7/ () and /< (3/); FIIRIVLD IFOUnd: £¥0.1347, U ghlygNyUy requ1res <¥0.12200.

(£)-1-N,N-Diethylcarbamoyloxy-1-phenyl-2-(2”-pyridyl)ethene (3f)

The title compound was prepared using general procedures B and C, using 2-pyridinecarboxaldehyde as
the electrophile. Optimum Z-selectivity was obtained using general procedure C. Purification by silica gel
chromatography eluting with a 30-50% Et,O/hexane gradient enabled the separation of the title compound as
pale yellow needle-like crystals, from its geometric isomer (65% olefin yield, £:Z = 12:88); mp 66°C (from

Et,0/benzene/hexane); (Foun 73.0; o505 45%): &

2 1s 3 < v Zy vy iBLAZ(AYIV2 . VO, 1Ny, 7070, O
(DON N COTYWI YT 1717 t. J7.0 -OCON(C AT ¢« 771 NN OITYN T Y 27 TOLT T
\&VUV WVIELZ, /a3 ) L Ld |30, Lo 7.u, Ul.«U \bllz\.d_:;}z_], l DL I, LY, TUVVUINILTIIY UL o], 2.3 7 j&nl, {, J
7.0, -OCON(CH,CH;),], 3.58 [2H, q, J 7.1, -OCON(CH,CHj,),], 6.86 (1H, s, H-2), 7.11 (1H, ddd, J 7.3, 4.8 and

.4, H-5"), 7.38 (3H, ¢, H-3’, H-4' and H-%'), 7.53 (1H, d, J 8.1, H-3"), 7.63 (3H, ¢, H-2', H-6' and H-4") and
8.58 (1H, d, J 4.6, H-6""); nOe 6.86 ppm (interacts with H-2', H-6' and H-3"); & (50 MHz; CDCl;) 13.27 [CH;,
-OCON(CH,CH;),], 14.41 [CH; -OCON(CH,CH,),], 41.79 [CH,, -OCON(CH,CH,),], 42.05 [CH,, -
OCON(CH,CH,;),], 116.63 (CH, C-2), 121.64 (CH, C-5"), 123.52 (CH, C-3"), 125.15 (2 x CH, C-2' and C-6"),
128.61 (2 x CH, C-3" and C-5"), 128.94 (CH, C-4'), 136.02 (CH, C-4"), 136.16 (q, C-1"), 149.35 (CH, C-6"),
149.55 (q, C-1), 153.07 [C=0, -OCON(CH,CH,),] and 154.07 (q, C-2""); m/z (EI) 297 (M"+1, <1%), 296 (M",

N TAT AN 10N 1IN0 TT FAY and 7D 720Y. LIDAAC Tannd. 7904 1829 1O Tran VQL 1894
4}, 157 \F), 1UU L1V}, /7 {F)alla /237 ), s rOUnaGl £56.1552, ‘-’18“20“2"2 FCQUIIes 250.15295.
e Y | lT A7 WTur LB : | B _ b BV & LIBN '
(L)=-1-1V gv-unetnylcarnamoyl y-4i-(4 -IU ranyl)- -pneny ene (Jg)

The title compound was prepared by general procedures B and C, using furfural as the electrophile.
Optimum E-selectivity was obtained using general procedure B in Et,0. Purification by silica gel
chromatography eluting with 25% Et,0O/hexane enabled the separation of the title compound as a yellow oil,
from its geometric isomer (70% olefin yield, £:Z = 17:83); (Found: C, 71.55; H, 7.0; N, 4.6; C{;H(NO;

requires C, 71.6; H, 6.7; N, 4.9%); & (200 MHz; CDC13) 1.13 [6H, m, -OCON(CH2C1_13)2] 3.33 [4H, m, -
5. H-4"). 6.34 (m

s aa™5

s
ol 8 ) LI_D" amd LI
< -4 aiilu 1ri-

6'); nOe 6.34 ppm (no correlation); & (50 MHz; CDCl,) 13.29 [CH;, -OCON(CH,CHj;),], 14.28 [CH;, -
OCON(CH,CH,),], 41.78 [CH,, -OCON(CH,CH,),], 42.03 [CHz, -OCON(CH,CHj),], 108.86 (CH, C-3"),
109.24 (CH, C-2), 109.61 (CH, C-4""), 128.10 (2 x CH, C-3' and C-5'), 128.64 (2 x CH, C-2’ and C-6), 128.84
(CH, C-4"), 135.30 (g, C-1"), 141.59 (CH, C-5"), 147.05 (q, C-1), 149.53 (q, C-2") and 153.97 [C=O, -
OCON(CH,CH,),]; m/z (EI) 286 (M*+1, 1%), 285 (M", 7), 157 (4), 128 (3), 115 (4), 100 (100), 77 (15) and 72
(69).

(N-1.N N.Diethvlecarhamaovloxv.2.(2".fi
£)-1-iv,[¥-Dietaylcarpameoylexy-2-(& -1

The title compound was prepared by general procedures B and C, using furfural as the electrophile.

ranvi-1- hpnvlpthpne l?o)
ranyl)-1-p

Vo YOO SN PR ~la_t mmmaral memmodiies £ D26kl Ll oilian ]l o
upumuim L sele [lVlly was UDldlI]CU ublﬂg gﬂl Crdl proCCluic . rulllicatlvil vy »siliva gul L
~ ~

eiuting with 25% Et,O/hexane enabied the separation of the titie compound as fine colouries
crystals from its geometric isomer (73 "% olefin yield, £:Z = 14:86); mp 103-106°C (from 25% Et,0 / hexane);

(Found: C, 71.5; H, 6.8; N, 5.0; C,,H,oNO; requires C, 71.6; H, 6.7; N, 4.9%); & (200 MHz; CDCl;) 1.17 [3H,

t Corrected yield - a small amount of the 1-N, N-diethylcarbamoyloxy- | -phenyl- 1-triphenylsilyl methane substrate was
detected by NMR and the yield corrected accordingly.
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t J7.1 :OCON(CH.CH)N)1 133 RH. ¢t J7.1 - OQCON(CH.CHN1 337 PH a J71 .OCONICH. CLI 1
AR EE T AAANZA R 2R VAT P Vol DRI AN 2 R YRR TRUARUES ¥ NANAALTIN LI LLY 2y Jed T [ ehdy Y, v i, U\’Ul‘\\’ﬂl\-’n:{}ZJD
1 EM MY r=7 1 MNONTLAIT MIT YT £ AN 1TT 1311 TY A 10 1IN L TT AN\ £ AZ 7177 11 ¥y A in -~ YY
307 |2, G, J /1, SUCUINL 0D ), |, 0.4V (11, 44, J 0.4, 1.6 aNd U.D, 11-4 ), 0.40 (1, 44, J 3.4 and V.0, H-
37), 6.69 (1H, s, H-2), 7.32 (3H, ¢, H-3', H-4’ and H-5"), 7.35 (IH, dd, J 1.8 and 0.7, H-5"") and 7.50 (2H, dd, J

8.3 and 1.8, H-2' and H-6’); nOe 6.69 ppm (interacts with H-3"', H-2' and H-6"); & (50 MHz; CDCl;) 13.10
[CH;, -OCON(CH,CHj,),], 14.23 [CH;, -OCON(CH,CH;),], 41.63 [CH,, -OCON(CH,CHj;),], 41.90 [CH,, -
OCON(CH,CH;),], 105.85 (CH, C-2), 109.74 (CH, C-3"), 111.50 (CH, C-4"), 124.21 (2 x CH, C-2' and C-6"),
128.17 (CH, C-4'), 128.42 (2 x CH, C-3' and C-5"), 135.45 (q, C-1), 141.75 (CH, C-5"), 144.79 (q, C-1),

150.17 (g, C-2") and 152.88 [C=0, -OCON(CH,CH,),]; m/z (EI) 286 (M'+1, 2%), 285 (M", 8), 157 (4), 128
2 &/ 1NN 710N TT7 1A nmAd T /82N
J /), LUV (1VV i\14yaiil /299,

- '
-
-~

)-1-N,N-Diethyicarbamoylioxy-i-phenyi-2-(2"’-thiophene)ethene (3h)

The title compound was prepared using general procedure B in Et,0 when 2-thiophenecarboxaldehyde
was used as the electrophile. Purification by silica gel chromatography eluting with a 15-35% Et,O/hexane
gradient enabled the separation of the title compound as a pale yellow oil (rapidly turns black), from its
geometric isomer (78% olefin yield, £:Z = 11:89); (Found: C, 68.2; H, 6.4; N, 4.4; C;H {NO,S requires C,
67.7; H, 6.35; N, 4.65%); & (200 MHz; CDCl;) 0.98 [6H, br t, -OCON(CH,CH,),], 3.00 [4H, br, -

OCON(CH,CH;) nd 3.4, H-4"), 662 (1H, dd, J5.1 and 1.4, H-5"), 6.70 (1H, dd, /3.4

(=%
(oW
~
A
N
i»

. 2 (1H, s, H-2), 7.11 (3H, ¢, H-3', H-4' and H-5') and 7.68 (2H, c, H-2' and H-6"); & (50
MHz; C/Dy) 13.44 |[CH,;, -OCON(CH,CH;),], 14.38 [CH; -OCON(CH,CH,),], 41.84 [CH,;, -
OCON(CH,CHj;),], 42.15 [CH,, -OCON(CH,CH,),], 114.51 (CH, C-2), 125.27 (CH, C-5"), 126.67 (CH, C-
4'), 127.95 (CH, C-3""), 128.80 (2 x CH, C-3' and C-5'), 129.37 (CH, C-4"), 130.25 (2 x CH, C-2' and C-6'),
135.68 (q, C-1'), 137.87 (q, C-2""), 148.06 (q, C-1) and 153.75 [C=0, -OCON(CH,CH,),]; m/z (EI) 303 (M™+2,
<1%), 302 (M"+1, 2), 301 (M", 12), 184 (7), 100 (100), 77 (20) and 72 (80).

(2)-1-N,N-Diethylcarbamoyloxy-1-phenyl-2-(2”'-thiophene)ethene (3h)

T

The title comp usine cgeneral nrocedure R in Et ﬂ ncmn 2-thionhenecarboxaldeh
he title compound was prepar sing general procedure B in Bt 2-thiop ecarbo

[¢]
-
<
=N
g}
7

the electrophile. Purification by silica gel chromatography eluting w1 5-35% Et,O/hexane gradient enabled
the separation of the title compound as colouriess needle-like crystai 's it m ¢
yield, £:Z = 11:89); mp 120 °C (from 25% Et,O/hexane); (Found: C, 67.8; H, 6.4; N, 4.7; C|;H;NO,
C, 67.7; H, 6.35; N, 4.65%); &y (200 MHz; C4Dy) 0.94 [3H, t, J 7.1, -OCON(CH,CH;),], 1.10 [3H, t, J 7.1, -
OCON(CH,CH;),], 3.11 [2H, q, J 7.1, -OCON(CH,CH,),], 3.35 [2H, q, J 7.1, -OCON(CH,CH,),], 6.77 (1H,
dd, J 5.0 and 3.7, H-4"), 6.83 (1H, br s, H-2), 6.91 (2H, c, H-3" and H-5"), 7.12 (3H, ¢, H-3’, H-4' and H-5")

and 7.49 (2H, ¢, H-2' and H-6"); nOe 6.83 ppm (interacts with H-3", H-2' and H-6"); & (50 MHz; C¢Dg) 13.39

\&iky 11TV JULW IR E P 0 aLlialla v als 1 211L,

[CH,, -OCON(CH;,_QH3)2] 14.69 [CH,, -OCON(CH,CH,),], 41.95 [CH,, -OCON(CHZCH3)2] 42.27 [CH,, -

ravarlas MTY N T 11 £ £

>~—1P

om iis geametnc isomer (

 requires

1L N0 M L AIT AN M LN 198 ) Y I" ELLAN 1‘3( =1 C/l”)

OCON(CH,CHj;),], 111.69 (CH, C-2), 125.08 (2 x CH, C-2' and C-6'), 126.22 (C -5, 126.76 (CH,
128.28 (CH, C-4"), 128.34 (CH, C-3"), 128.73 (2 x CH, C-3’ and C-5"), 136.66 (q. C-19), 138.03 (q, C-2"),
P ~ P

145.86 (g, C-1) and 152.40 [C=0, -OCON(CH,CH,),}; m/z (EI) 303 (M'+2, <1%), 302 (M'+1, 2), 301 (M, 9),
176 (4), 129 (4), 115 (2), 105 (6), 100 (100), 77 (18), 72 (79).

(E)- and (Z)-1-N,N-Diethylcarbamoyloxy-1,2-diphenylethene (3j)

The title compounds were prepared by general procedure B in Et,0, using benzaldehyde as the
electrophile Purification by silica gel chromatography eluting with a 5-15% Et,O/hexane yielded a mixture of
isomers (82% olefin vield, E:Z = 9:91). Recrystallization of the mixture of isomers yielded the Z-isomer as
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. (Found: C, 77.4; H, 7.35;

ixy
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=.0
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O H_NO
AT IS OIRA LY,
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; 2
MHz; CDCl3) 1.0% [3H, t, / 7.1, -OCON(CH,CH,),], 1.24 [3H, t, J
7.1, -OCON(CHZC&)z], 3.30 [2H, q, J 7.1, -OCON(CH,CH;),], 3.47 [2H, q, J 7.1, -OCON(CH,CH,),], 6.48
[0.1H, s, H-2 ()], 6.64 [0.9H, s, H-2 (2)], 7.23 (6H, m, H-3', H-4', H-5', H-3", H-4"" and H-5'") and 7.51 (4H,
m, H-2", H-6', H-2" and H-6"); nOe 6.64 ppm (interacts with H-2', H-6', H-2"" and H-6"") and 6.48 ppm (no
correlation); & (50 MHz; CDCl;) 13.06 [CH;, -OCON(CH,CH3;),], 14.25 [CH,, -OCON(CH,CH,),], 41.48
[CH,, -OCON(CH,CHj;),], 41.74 [CH,, -OCON(CH,CH,)

124.51 [2 x CH, C-2’ and

C-6" (2], 128. ’

146.77 [q, C-1 (£)} an

166 (8), 151 (10), 100 (100), 77 (14) and 72 (67).
(E)-1-N,N-Diethylcarbamoyloxy-1-phenyl-2-(4''-pyridyl)ethene (3k)

The title compound was prepared by general procedure B, with 4-pyridinecarboxaldehyde as the

oo

electrophile. Optimum E-selectivity was obtained with general procedure B in THF. Purification by silica gel
chromatography eluting with a 50-70% Et,O/hexane gradient enabled the separation of the title compound as a
pale yellow oil, from its geometric isomer (52% olefin yield, £:Z = 83:17); (Found: C, 72.55; H, 7.1, N 9.1;

H. NLO. raqmirn
18V 1904 1 1

:;:‘

C
s
197 M
1.23 |5
~
U

?3
o
[\
@)
JE
oS
) |98 )

rr -

CON(CH,CHs,),], 6.40 (1H, s, H-2), 6.95 (2H, ddd, /4.7, 1.5 and 0.5, H-3" and H-5""), 7.34 (5H
8.37 (2H, d, J 6.0, H-2" and H-6""); nOe 6.40 ppm (interacts with H-3" and H-5""); & (50 MHz; CDCl;) 13.27
[CH;, -OCON(CH,CH,),], 14.31 [CH,, -OCON(CH,CH,),], 41.87 [CH,, -OCON(CH,CH,),], 42.12 [CH,, -
OCON(CH,CH,),], 116.92 (CH, C-2), 123.45 (2 x CH, C-3" and C-5"), 128.60 (2 x CH, C-2' & d C-6'),
128.76 (2 x CH, C-3' and C-S’) 129.43 (CH C-4"), 134.30 (q, C-1"), 142.95 (q, C-4"), 149.56 (2 x CH, C-2"
1, m/z (ED) 297 (M'+1, 1%), 296 (M", 6), 167

nd ), 151.5 8 35 cO 1,CHs),]; m/z (EI) 29
7 > 7 oA \ 372 =7 2y &7 iy 2V
Y 100 0100Y 77 (AN and 72 (532) HRMS Found: 2046 15817 O H__N_0) ramurac 204 1878
\«Jy LUV {LVUV), 77 \TT)] QLI (& \Ji]y FRINIVIL L VWML, &7V R J T Ty \481120112\12 l\d\iull\u" PR AV I LT
Far oY% BN, V2D . Y ) VPN N DIGHSS Iptpuijnpisy PINIEnEEE ey EpIGEe X JIY 9 |1 Syt [ L i) Sy t § [0 Y
(£)-1-/v,/y-DieitnyicarpamoyioxXy-1-pnenyi-z-(4 -pyriayieinene (OK)

The title compound was prepared by general procedure B, with 4-pyridinecarboxaldehyde as the
electrophile. Purification by silica gel chromatography eluting with a 50-70% Et,O/hexane gradient enabled the
separation of the title compound as a crystalline solid, from its geometric isomer (52% olefin yield, E:Z =
83:17); mp 73-74°C (from EtOAc/hexane); (Found: C, 72.9; H, 6.8; N, 9.4; C,3H,,N,0, requires C, 72.95; H,
6.8; N, 9.45%); & (200 MHz;, CDCl,) 1.14 [3H, t, J 7.1, -OCON(CH,CH,),}, 1.32 [3H, t, J 7.1, -
OCON(CH,CH;),], 3.35 [2H, q, J 7.1, -OCON(CH,CH;),], 3.56 [2H, g, J 7.1, -OCON(CH;CH,),], 6.57 (1H, s,

] T el T T TAILAD
H-2), 7.38 (5H, m, H-3', H-4’ and H-5', H-3"" and H-5""), 7.5

( m, H-2' and H-6") and 8.58 (2H, br s, H-2"
and H-6"); nOe 6.57 ppm (interacts with H-2' and H-6"); & (50 MHz; CDCl;) 13.26 [CH,, -OCON(CH,CH,;), ],

14.55 [CH;, -OCON(CH,CH,),], 41.85 [CH,, -()LUNCHZLl-l;)ZJ, 42.13 [CH,, -OCON(CH,CH,),], 114.36
(CH, C-2), ca. 1235 (2 x CH, C-3" and C-5"), 125.13 (2 x CH, C-2' and C-6'), 128.75 (2 x CH, C-3' and C-5"),
129.31 (CH, C-4), 135.75 (g, C-1"), 142.32 (q, C-4""), 149.77 (2 x CH, C-2" and C-6"), 150.85 (q, C-1) and

# Assignment based on observed trends for C-2' and C-6' shifts when the isomers were separated.
s Signal was very broad and weak, but a correlation was detected in the 1H-13C HETCOR plot.
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== b 23 + Pl +
152.49 [C=0, -OCON(CH,CH,),}; m/z (EI) 297 (M™+1, <1%), 296 (M", 3), 167 (2), 100 (100), 77 (4) and 72
(45); HRA nd: 296.1529, C,3HyN,0; requires 296.1525

-N,N-Diethylcarbamoyloxy-1,2,2-triphenylethene (3I)
The title compound was prepared by general procedure B in Et,0, when benzophenone was used as the
electrophile. Purification by silica gel chromatography eluting with 15% Et,O/hexane enabled the separation of
the title compound as colourless prisms (82% yield); mp 121°C (from EtOAc and hexane); (Found: C, 80.9; H,

6.9; N, 3.85; Cy5H,sNO, requires C, 80.8; H, 6.8; N, 3.8%); &, (200 MHz; CDCl,) 0.89 [3H t, J 7.1, -

OCON(CH,CH;),), 1.01 [3H, ¢, J 7.1, -OCON(CH,CH,);], 3.26 [4H, ¢, -OCON(CH,CH,),], 7.13 (8H, m, ArH)
and 7.25 (7H, m, ArH); & (50 MHz CDCl;) 13.22 [CH;, -GCO"(" »CH;),], 13.96 [CH,, -

OCON(CH,CH,),], 41.61 [CH;, -OCON(CH,CHj;),], 41.92 [CH,, -OCON(CH,CH,),], 126.89 (CH, ArQ),
127.01 (CH, ArC), 127.78 (CH, ArC), 127.83 (2 x CH, Ar(), 127.92 (2 x CH, ArQ), 127.99 (2 x CH, Ar(O),
128.92 (2 x CH, Ar(), 129.32 (2 x CH, ArC), 130.91 (2 x CH, ArC), 131.51 (g, C-2), 136.49 (q, C-l’#), 140.14
(q. C-l”"), 140.54 (q, C-l”.), 144.26 (q, C-1) and 154.12 [C=0, -OCON(CH,CH;),]; m/z (EI) 372 (M1,
<1%), 371 (M+ <1), 165 (5), 100 (100), 77 (4) and 72 (39).
(E)-1-N.N-Diisopropylcarbameyloxy-2-(3", 4''-methylenedioxyphenyl}-1-nhenylethene {(42)
4

1104 o A S
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chromatography eluting with a 1-20% EtOAc/hexane gradient afforded a mixture of isomers. Further
chromatography eluting with 70% hexane/CH,ClI, enabled the separation of the title compound as a yellow oil,
from its geometric isomer (73% olefin yield, E:Z = 66:34); (Found: C, 71.75: H, 6.9; N, 3.6, C,,H,sNO,
requires C, 71.9; H, 6.9; N, 3.8%); &4 (200 MHz; CDCl;) 1.29 {12H, br d, J 7.0, -OCON[CH(CH;),],}, 3.96
{2H, br, -OCON[CH(CH;),},}. 5.83 (2H, s, H,-7"), 6.38 (1H, s, H-2), 6.55 (1H, br s, H-2""), 6.63 (2H, br s, H-

5" andHé") 7.26 (3H, m, H-3’, H-4' and H- 5)and738 (2H, m, H-2' and H-6'); nOe 6.38 ppm (interacts with

r
H-2" and H-6"); & (5¢ MHz; CDCL) 20.52 {2 x CH,, -OCON[CH(CH,),},}, 21.45

OCON[CH(CHj),],}, 46.04 {CH, -OCON[CH(CH;),],}, 46.09 {CH, -OCON[CH(CH,),],}, 100.85 (CH,, C,-
7y, 108.09 (CH, C-5"), 108.85 (CH, C-2"), 119.02 (CH, C-2), 123.14 (CH, C-6"), 128.30 (2 x CH, C-3' and
C-5"), 128.48 (CH, C-4"), 128.76 (2 x CH, C-2' and C-6'), 135.33 (q, C-1'), 146.45 (q, C-4" ), 147.10 (q, C-1 ",
147.29 (q, C-3"") and 153.65 {C=0, -OCON[CH(CH,;),],}; m/z (EI) 240 (12%), 128 (64) and 86 (100).
(£)-1-N,N-Diisopropylcarbamoyloxy-2-(3"', 4"'-methylenedioxyphenyl)-1-phenylethene (4a)
The title compound was prepared by general procedure D, using 3,4-methylenedioxybenzaldehyde as the

1 Y« (I
1 14 X uIiy, -

electrophile. Optimum Z-selectivity was obtained when Et,O was used as the solvent. Purification by silica gel
chromatography eluting with a 1-20% EtOAc/hexane gradient yielded a mixture of the isomers. Further

chromatography eluting with 70% hexane/CH,Cl, enabled the separation of the title compound as pale yellow
PI% TRPRUS TRy T VS TR DI oS PRSI, /nc(_\/f ~1 T Sl 7 = Q.01Y. o 1N0 1NO0M /£ .
momboncaral Crystais, rom Ilb gcomemc 1bumer (/070 QICHINI YIKI4, £.4 — 7.71), INp 1V0o=1U7 L (110l
hexane/EtOAc); (Found: C, 71.9; H, 6.8; N, 3.8; C,,H,sNO, requires C, 71.9; H, 6.9; N, 3.8%); dy (200 MHz;

CDCl,) 1.28 {6H, d, J 7.3, -OCON[CH(CH;),],}, 1.31 {6H, d, J 7.4, -OCON[CH(CH5),},}, 3.76 {1H, m, J 6.8,
-OCON[CH(CH;),],}, 4.37 {1H, m, J 6.8, -OCON[CH(CHj;),],}, 5.87 (2H, s, H,-7""), 6.58 (1H, s, H-2), 6.74

# Thig acclnnmpnf 1c
AL QoSIminvILt 1S

* Interchangeable assignments.
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(1H,d, J 8.1, H-5"), 6.91 (1H, dd, J 8.1 and 1.7, H-6"), 7.08 (1H, d, J 1.7, H-2""), 7.31 (3H, ¢, H-3', H-4’ and H-
&N nmd 7 A4Q MDLT A LI D) anmd LI_&LN. ~Na £ §0Q oom (imtarants s+l LT 9 LI 41 1T LN, /&N NATT
J ) alu 7.587 (411, U, I~ alil 11~V J, {IUC U.J0 ppill (1l éracts wiii n-<, 1-6, n-z. a.uu n-o )y Oc (QV Ivirle,

CDCl;) 20.50 {2 x CH,, -OCON[CH(CH;),,}, 21.40 {2 x CH,;, -OCON[CH(CH,).},}, 46.05 {CH, -

OCON[CH(CH,),],}, 47.23 {CH, -OCON[CH(CH,),],}, 101.02 (CH,, C,-7""), 108.11 (CH, C-5""), 108.30 (CH,
C-2"), 116.41 (CH, C-2), 123.36 (CH, C-6'"), 124.50 (2 x CH, C-2' and C-6"), 128.02 (CH, C-4"), 128.50 (2 x
CH, C-3' and C-5"), 128.91 (g, C-1""), 136.80 (q, C-1"), 145.56 (q, C-1), 146.80 (q, C-4""), 147.69 (q, C-3") and
151.80 {C=0, -OCON[CH(CH,),],}; m/z (EI) 368 (M"+1, 1%), 367 (M, 5), 240 (14), 165 (6), 152 (12), 135

(14), 128 (84), 105 (15), 86 (100) and 77 (13).

(E)- and (Z)-1-N,N-Diisopropylcarbamoyloxy-1-phenylpentene (4¢)

The title compounds were prepared by general procedure D, using butanal as the electrophile. Optimum
L ealan wrnc ~htatmad srhan D6 O ssrnc 11 ad ne tha anleiramt Dasnldantt a entrifucal thin laver silica gel
L‘bClCLany Wwas Ootaifieag wien L2V Wadd UdCU ad> Ule SULVYLEIL ru.luu,uuuu U)’ CcE l1ugail Uiin ldyCl Siliva goi

chromatography eluung with a 1-10% Et,0/hexane gradient enabied the separation of the title compounds as a
colourless oil (63%' olefin yield, E:Z = 30:70); (Found: C, 74.5; H, 9.6; N, 4.55; C,3H,,NO, requires C, 74.7;
H, 9.4; N, 4.8%); & (200 MHz; CDCl;) 0.91 (3H-min, t, J 7.3, H-5), 0.95 (3H-maj, t, Hy-5), 1.25 {12H-maj, d,
J 6.5, -OCON[CH(CH,),],}, 1.36 {12H-min, d, J 6.7, -OCON[CH(CH:),1,}, 1.47 (2H, m, H,-4), 2.15 (2H-maj,
q,J 7.4, Hy-3), 2.18 (2H-min, q, J 7.7, H,-3), 4.01 {ZH br m, -OCON[CH(CH3)2]2} 5.45 (1H-min, t,J 7.7, H-
gn(lH-mnf t J7.4 H-2) 727

ey Ty AAT& g,

t

(CH;-min, C,-3), 46.11 {CH -OCON[CH(CH;),],}, 46.62 {CH, -OCON[QH(CH;,)Z]Z} 117.80 (CH-maqj, C 2)
119.60 (CH-min, C-2), 124.39 (2 x CH-maj, C-2' and C-6'), 127.60 (CH-maj, C-4"), 127.84 (CH-min, C-4'),
128.01 (2 x CH-min, C-3' and C-S'i), 128.08 (2 x CH-min, C-2’ and C-6'a), 128.33 (2 x CH-maj, C-3' and C-5'),
135.54 (g-min, C-1"), 136.28 (q-maj, C-1"), 146.50 (q-min, C-1), 146.56 (q-maj, C-1), 153.00 {C=0O-mqj, -
OCON[CH(CH,),],} and 154.06 {C=0-min, -OCON[CH(CH,),],}; m/z (EI) 290 (M'+1, <1%), 289 M7, 3),
133 (35), 128 (78), 105 (14), 86 (100) and 77(18).

(F)- and (7\ 1-N,N-Di lannrnnvlnarhamnvlnw 1-

henvi-2.(2"".auinalvllethene (4e)
L) Z sopropylcarbamoylox y nenyl uinotyl)ethene (4¢)

L C e |

The title compounds were prepared by general procedure D, using 2-quinolinecarboxaldehyde as the

PR P, RS, ~al

electrophile. Optimum E-selectivity was obtained when THF was used as the soivent. Purification by silica gel
chromatography eluting with a 20-70% Et,O/hexane gradient afforded the titie compounds as a viscous yeiiow
oil (35% olefin yield, E:Z = 42:58); (Found: C, 76.6; H, 7.1; N, 7.5; C,4H¢N,0, requires C, 77.0; H, 7.0; N,
7.5%), & (200 MHz; CDCly) 1.29 {I2H, t, J 7.2, -OCON[CH(CH;),}}, 3.79 {1H-maj, m, -
OCON[CH(CH;),];}, 3.96 {2H-min, m, -OCON[CH(CH;),],}, 4.33 {1H-maj, m, -OCON[CH(CH,),],}, 6.82

(1H-min, s, H-2), 7.02 (1H-min, d, J 8.6, H-3") 7.09 (IH-ma], s, H-2), 7.37 (5H, ¢, ArH), 7.65 (4H, c, ArH),
8.00 (1H, c, H-8") and 8.06 (1H-maj,

o, LR

L 1T

(1 & o TR I & Y-
nn-4 , ri-=< 4dild rn-o o

T ND 22
/ 1

.09 ppm (interacts w

ot

L WS- |
isomer) ana

C
a !
x CHj;, -OCON[CH(CHj;),],}, 21.14 {2 x CH;, -OCON[CH(CHs),],} ;, 45.81 1Cri, -OCOL\V&I"I(CHJ)Z 12}, 4
1
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{CH, -OCON[CH(CH,),],}, 117.34 (CH-mgj, C-2), 120

t Corrected yield
* Interchangeable assignments
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(O _saiee L2 194 Q2 () v O sy (O and CLAY 128N (O s OGN 104 VE fa_main AN 17£ A7
(LIa-in, U-3' ), 149.03 (& X Cii=dj, C-2 Al -0 J, 123.5V \C1i-#idj, -0 ), 120.20 (G-/min, L-4a ), 120.4/
(q-maj, C-4a""), 127.00 (CH-maj, C-4"), 127.06 (CH-min, C-5""), 127.98 (CH-maj, C-5"), 128.27 (2 x CH-maj,
C-3' and C-5'), 128.63 (CH-min, C-6'"), 128.70 (4 x CH-min, C-2', C-3', C-5" and C-6'), 128.83 (CH-maqj, C-

8'"), 128.92 (CH-min, C-8"), 129.08 (CH, C-7""), 134.67 (g-min, C-1'), 134.85 (CH-min, C-4""), 135.35 (CH-
maj, C-4""), 135.91 (g-maj, C-1"), 147.66 (q-min, C-8a"), 147.77 (q-maj, C-8a"), 150.18 (g-maj, C-1), 151.32
(g-min, C-1), 152.25 {C=0-maj, -OCON[CH(CH;),],}, 152.87 {C=0-min, -OCON[CH(CH,),],}, 154.15 (g-
maj, C-2") and 154.89 (q-min, C-2""); m/z (EI) 375 (M'+1, <1%), 374 (M", 3), 246(14), 170 (8), 128 (68), 86

The title compound was prepared by general procedure B in Et,0, in addition to the Peterson olefination
product when butanal was used as the electrophile. Purification by silica gel chromatography eluting with
hexane enabled the separation of the title compound (which rearranged to the ketone vig a 1,3-migration of the
silicon from the oxygen to the carbon on standing at room temperature) as a colourless oil, from the olefin
products (13% vield); & (200 MHz; CDCL;) —0.05 [6H, s, -OSi(CH;),C(CH;),], 0.91 (3H, t, J 7.6, H;-5), 0.98
[9H, s, -OSi(CH;),C(CHs)5], 1.46 (2H, m, H,-4), 2.18 (2H, q, J 7.4, H,-3), 5.11 (1H, t, J 7.2, H-2) 7.26 (3H, ¢,

—
GQ

(78), 105 (7) and 73 (35), HRMS Found: 276.1915, C,7H,50Si requires 276.1909.
1-Phenyl-2-'butyldimethylsilylpentanone (6c¢)
The title compound was obtained from 1-/butyldimethylsilyloxy-1-phenylpent-1-ene, via a spontaneous
1,3-migration25 of the silicon moiety from the oxygen to the carbon atom, as a colourless oil (>95%

; Si(CH,),C(CH,),], 0.05 [3H, s, -Si(CH,;),C(CH;);], 0.88 [9F
LY &V LVRILL, L8, AES3S2 37348 s 3 NEE3 /2N 373185 s
e Qi N H NOYT MY ¢« JT7A4A H._SY 1 8§/MHUH m AN 177 () m 2) 476 (1 Add T7R 8§12
Dy ul\\.dl.}}2\.«\\.; v.70 \Jll., v .77, 113 Jl’ 1edd \‘-ll’ iily ILZ _"l’ Lef 1 k&l Ay 101, llz J}, N AY] \lll, UM,y o 70Uy S

and 0.7, H-2), 7.48 (3H, ¢, H-3', H-4' and H-5") and 8.06 (2H, d, .J 6.9, H-2' and H-6); &: (50 MHz; CDCl;) -
473 [CH,;, -Si(CH;),C(CH,;);], -5.21 [CHj, -Si(CH;),C(CH;),], 13.85 (CH,, C;-5), 1825 [q, -
Si(CH;),C(CH;)5], 19.06 (CH,, C,-4), 25.75 [3 x CHj, -Si(CH;),C(CH;),], 38.09 (CH,, C,-3), 77.87 (CH, C-2),
128.32 (2 x CH, C-3' and C-5"), 129.22 (2 x CH, C-2’ and C-6), 132.94 (CH, C-4’), 134.93 (g, C-1") and
201.70 (C=0, C-1); m/z (EI) 278 (M"+2, 1%), 277 (M"+1, 5), 235 (100), 191 (10), 187 (78), 177 (5), 135 (5),
105 (7) and 73 (35); HRMS Found: 276.1915, C,;H,OSi requires 276.1909.

(1E,3E)-'butyldimethylsilyloxy-1,4-diphenyl-buta-13-diene (5d) a d (E)-2-'Butyldimethylsilyl-1,4-
diphenylbut-3-enone (6d)

T _ ere prepared by g a D i T N ad - tha Datarcnn nlafinatinm

D 111 LLZU 1 CTLOIOULL viLiltiiaiiuil

e title compour vere pre ananal meoaodiing
Ihe title compounds were prepared by geieral procedure
)

'?
>

, in addition to the

products when cinnamaldehyde was used as the electrophile. Purification by silica gel chromatography eluting
with a 5-25% Et,0/hexane gradient enabled the separation of the title compound as a yellow oil, from the olefin
products (3-6% yield, 5d:6d = 10:90); &, (200 MHz; CDCl;) -0.06 [3H, s, -Si(CH;),C(CH,)s], 0.11 [3H, s, -
Si(CH,),C(CH;);], 0.93 [9H-maj, s, -Si(CH;),C(CHs);), 0.96 [9H-min, s, -OSi(CH;),C(CHs),], 4.53 (1H-maj,
d.J10.0, H-2), 5.94 (1H-min, d, J 11.2, H-2), 6.42 (1H-maj, d, J 16.0, H-4), 6.46 (1H-min, d, J 15.5, H-4), 6.73
(1H, ddd, J 16.0, 10.0 and 0.7, H-3), 6.94 (1H-min, ddd, J 15.4, 11.1 and 0.7, H-3), 7.36 (8H, m, ArH) and 7.95
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(2H, dd, J 6.7 and 1.6, H-2' and H-6¢'); nOe 4.53 pom [interacts with H-3 (maj), H-4 (maj), H-2' and H-8&'
5 rr L 1 Y1y L2 VRG] ), Mi-2 ang ni-o

(mnlﬂ 594 ppm lnteracte with H-3 (min) and Ho4d (min)) and 6 72 nnm lintaracts uwrith 2D fmeai LT A (222
e Jfy ~ PArA [AAAVABNVIO VVAML ALTS U7ebre) Gl LATTT /7R QAU UL 7Y PP [HICLAVRD WU D174 \JTEAY ), D149 \TTidY §,

Arfl and -Si(CH;3),C(CH;);]; & (50 MHz; CDCl) .58 [CH;, -Si(CH;),C(CH;);], -5.61 [CH;, -
Si(CH;),C(CH;);], 18.54 [q, -Si(CH3),C(CH;);), 27.02 [3 x CH;, -Si(CH;),C(CH;);], 46.17 (CH-maj, C-2),
125.93 (2 x CH-maj, C-2"" and C-6"), 126.83 (CH-maj, C-4""), 127.70 (CH-mgqj, C-3), 128.21 (2 x CH-maj, C-
2" and C-6'), 128.49 (2 x CH-maj, C-3' and C-5""), 128.53 (2 x CH-maj, C-3" and C-5"""), 128.66 (CH-maj, C-
4), 132.68 (CH-maj, C-4’), 137.59 (q-maj, C-1""), 138.55 (q-maj, C-1') and 199.99 (C=0-maj, C-1); m/z (El)
337 (M™+1, 6%), 336 (M", 18), 279 (9), 202 (12), 115 (17), 105 (23), 91 (7), 77 (31), 75 (81), 73 (100) and 57
(61); HRMS Found: 336.1912, C,,H,40Si requires 336.1909.

= 22
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