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Abstract. The palladium-catalysed cyclisation of propargylic electrophiles with nucleophiles
represents a useful synthetic approach for the rapid construction of heterocyclic building
blocks. However, these cyclisation reaction processes often pose a number of challenges
due to the need for the simultaneous control of chemo-, regio- and stereoselectivity. Herein,
we disclose the discovery of a-amido malonates as novel bis-nucleophiles in the highly
chemo- and regioselective, as well as moderately enantioselective, palladium-catalysed
cyclisation with propargylic compounds to afford a broad range of functionalised
dihydrooxazine heterocycles. The new dihydrooxazine products will expand the suite of
heterocycles available to medicinal chemists, and prompt the investigation of unchartered
bis-nucloeophiles in palladium-catalysed cyclisation reactions en route to novel classes of
heterocycle.

Introduction. Aromatic and aliphatic heterocycles are highly prevalent structural motifs in
small molecule drugs and biologically active compounds,! and expedient synthetic access to
heterocycles remains an active area of research.2 Aromatic heterocycles, rich in sp? centres
and structurally flat, have historically been particularly common due to the availability of
robust and efficient methods for their synthesis and functionalisation.® However, more recent
studies indicate that the use of building blocks possessing higher levels of saturation can
contribute to lower attrition rates during drug development.* In addition, a greater degree of
saturation in heterocycles results in enhanced 3D shape diversity, thus, enabling more
efficient sampling of chemical and biological space.®> As the synthesis of functionalised
saturated heterocycles is more challenging due to the introduction of chiral centres, there is
increasing interest in the development of new chemical methods to procure stereoselectively
substituted heterocycles.®

In order to access heterocycles with unique substitution patterns, we sought to harness the
reactivity of propargylic compounds under palladium catalysis (A, Scheme 1). Oxidative
addition of palladium(0) to propargylic electrophile 1 affords a n—propargylpalladium(ll)
species 2.7 Hard nucleophiles then typically undergo either propargylation (3) or allenylation
(4) processes by addition to one of the termini of 2.8 In contrast, soft nucleophiles tend to
react via a double addition mechanism, affording products 5 in which one equivalent of the
nucleophile has undergone alkenylation, and one, allylic alkylation.® The latter reactivity
pathway becomes relevant to heterocycle synthesis if the two nucleophiles are tethered,
resulting in cyclic products 6.
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Scheme 1. Cyclisation reactions with propargylic electrophiles.

Indeed, by utilising tethered bis-nucleophiles 7, in which at least one of the two nucleophiles
is a heteroatom, in a palladium-catalysed reaction with propargylic electrophile 8 (B, Scheme
1), cyclisation reactions can be invoked, leading to a range of heterocycles.'® However, for
such a cyclisation to be successful, the control of chemo-, regio- and stereoselectivity may
be required. Chemoselectivity arises from the order of addition of nucleophiles. If both
nucleophiles are identical and bis-nucleophile 7 is symmetrical, then the order of
alkenylation and allylic alkylation is inconsequential, as illustrated in the synthesis of 1,4-
benzodioxins,!! piperazines,'? and medium-ring heterocycles.’® In contrast, when the two
nucleophiles are different, or if the nucleophiles are identical but the physical tether is not
symmetrical, then appropriate bias needs to be present to enable selective initial addition of
one of the two nucleophiles (9 vs 10). Several strategies have been implemented to control
chemoselectivity by ensuring sufficient difference in acidity,'>'4 whereby the first anion made
is the first to react, exploiting differences in nucleophilicity,®.%:15 introducing sufficient steric
bias,? or specifically generating one of the nucleophiles by means of decarboxylation.®
Following the selective addition of the first nucleophile, the conjugate acid of the second
nucleophile then needs to be acidic enough to undergo deprotonation and, thus, facilitate
intramolecular allylic alkylation with r—allylpalladium(ll) electrophile 9. Nevertheless, if
propargylic electrophile 9 is substituted, regioselectivity of allylic alkylation becomes
important. Addition at the more substituted position in n—allylpalladium(ll) electrophiles 9 or
10 would afford products 11 or 12, respectively, and addition at the less substituted end
would give products 13 or 14, respectively. Alkylation at the more hindered end to afford 11
or 12 is more common for electronic reasons,'2.11b,12,14a,14c,14d,15a,15b,15h,16 hresumably due to
better stabilisation of positive charge at the more substituted centre in the n—
allylpalladium(ll) cation,'e'7 but may also result in alkylation at the less substituted terminus
for steric reasons.'315¢-9 Regioselectivity of alkylation can also depend on the nature of the
substituents,''¢9 ligand effects, reaction temperature,’?15¢ and product ring size.8 In addition
to regioselectivity, the allylic alkylation step of a substituted n—allylpalladium(ll) cation
necessitates the control of stereoselectivity. Concerning the formation of products 11 or 12,



in the presence of chiral ligands for palladium, allylic alkylation has been shown to
successfully install the chiral allylic centre with high levels of enantioselectivity at the
electrophile,1b.11d-4146,19 or the chiral centre at the prochiral nucleophile.'4:149.15d [f the
alkylation step is regioselective for the formation of 13 or 14, each of which contains a
substituted alkene, the preferred configuration of the alkene is typically Z due to the syn
geometry of the n—allylpalladium(ll) complex unless syn-antiisomerisation is present for
steric reasons.?0

A further regioselectivity aspect has to be taken into account if the allylic alkylation step can
give rise to two potential ring sizes due to the ambident nature of the nucleophile, such as
enolates,%9.15a.15h engmines, %0 indoles, 49 phenols, 5" and naphthol, 9 typically affording the
most stable product. Lu et al. explored this type of regioselectivity through the use of a
symmetrical bis-nucleophile 15, in which two b-ketoesters are tethered by a C—C bond (C,
Scheme 1).2! It was found that, depending on the catalyst and solvent employed, cyclisation
at room temperature led to the selective formation of kinetic cyclobutane product 17 via
enolate C-allylic alkylation, whereas an elevated reaction temperature afforded
thermodynamic dihydropyran 18 via O-allylic alkylation.

Inspired by this report, we sought to investigate novel a—amino malonate bis-nucleophiles of
type 19 in palladium-catalysed cyclisation reactions that could give rise to azetidine and
dihydrooxazine nitrogen heterocycles 21 and 22, respectively (D, Scheme 1). We reasoned
that, by employing an appropriate N-protecting group in 19 and identifying suitable reaction
conditions, either N-allylic alkylation to azetidine 21, or O-allylic alkylation to dihydrooxazine
22 could become selective. The challenges with this approach are the simultaneous control
of chemoselectivity to ensure the correct order of addition of the nucleophiles,
regioselectivity that installs an allylic chiral centre, stereoselectivity that enables
enantiocontrolled construction of that centre, as well as regioselectivity in terms of kinetic vs
thermodynamic product formation. The successful control of these selectivity aspects would
pave the way to flexibly functionalised heterocycles with novel substitution patterns.

Results and Discussion.
Effect of N-protecting group

Our study began with the synthesis of bis-nucleophiles 23, 24 and 25a, bearing a
sulfonamide, carbamate and amide functionality, respectively (Figure 1), by means of N-
protection of a—amino dimethylmalonate.?? Sulfonamide 23 was expected to undergo
cyclisation to afford an azetidine, whereas carbamate and amide 24 and 25a, respectively,
could in principle give rise to either 4- or 6-membered products due to the presence of a
carbonyl functionality in the protecting group.

MeO,C.__CO,Me MeOZCYCOZMe MeO,C.__CO,Me
NHTs NHBoc NHBz

23 24 25a
Figure 1. N-protected a-amino malonate bis-nucleophiles.

Our investigation into the propensity of cyclisation of malonate-amine bis-nucleophiles with
propargylic electrophiles commenced by reacting tosyl-protected substrate 23 with
propargylic carbonate 26 under palladium catalysis in THF at an ambient temperature
(Scheme 2). Given that 23 is a sulfonamide, the cyclisation should lead to the formation of
azetidine 27. Unfortunately, the use of Pd(PPhs). as the catalyst, as well as a screen of



several large bite-angle ligands, including dppe, dppp, dppf, Xantphos, DPEphos and
BINAP, resulted in no reaction taking place. In order to promote cyclisation, the same
catalysts were employed in refluxing THF as the reaction solvent; unfortunately,
predominantly decomposition was observed in all cases. Although the sulfonamide anion
has the capacity to undergo intramolecular allylic alkylation as a nucleophile, it is also a
relatively good leaving group, potentially making the formation of strained 27 reversible at an
elevated temperature.
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Scheme 2. Unsuccessful cyclisation of Ts-protected 23.

In contrast to sulfonamide 23, the cyclisation of carbamate 24 was expected to lead to two
potential products (Table 1): Boc-protected azetidine 28 as the kinetic product via N-allylic
alkylation, or 6-membered carbamate 29 as the thermodynamic product arising from O-
allylic alkylation. Under all conditions tested, we were not able to isolate either of the two
heterocycles irrespective of reaction temperature. Instead, a substantial amount of
homocoupled product 30, resulting from double addition of the enolate of 24, was formed. At
room temperature, the extent of homocoupling was highly dependent on the ligand for
palladium. The effect of a higher reaction temperature served only to facilitate the
homocoupling of 24. Whilst dppe as the ligand was much less effective (entry 1), Xantphos,
Pd(PPhs)s and (R)-BINAP readily mediated the formation of 30 (entries 2-4), whereas dppp,
dppf and DPEphos led to quantitative homocoupling (entries 5-7), as observed by 'H NMR
spectroscopy.



Table 1. Homocoupling of Boc-protected 24.2

MeO,C
MeO,C MeO,C
HN TO

MeO,C™ ™\
" OBoc 26 g Boc 29
MeO,C.__CO,Me /(1—.5eq)> not observed O
NHBoc Pidgibas (5rzn00|°%) MeO,C NHBoc
I
NHBoc 30
entry  ligand yield of 30 %b yield of 30 %®
(rt) (80 °C)
1 dppe 8 18
2 Xantphos 56 71
3 Pd(PPhs)sc 72 75
4 (R)-BINAP 15 o1
6 dppf 71 quant.
7 DPEphos 82 quant. (81)d

aReactions were performed on 0.2 mmol scale.

bYield determined by 'H NMR spectroscopy of the crude product mixture using 1,3,5-
trimethoxybenzene as the internal standard.

cUsed in place of Pda(dba)s.

dYield of isolated 30.

Finally, benzamide 25a was found to display reactivity that was different from that of both
sulfonamide 23 and carbamate 24 (Table 2). We first attempted the cyclisation at room
temperature in order to promote regioselective cyclisation via the nitrogen atom to afford
azetidine 31 as the kinetic product. Again, the formation of 31 could not be detected with a
range of ligands for palladium. Instead, homocoupled product 32 was formed with high
efficiency in the majority of cases (entries 1-7). However, we also observed trace quantities
of 6-membered dihydrooxazine 33a (entries 1, 6 and 7), arising from intramolecular O-allylic
alkylation. By performing the reaction at an elevated temperature in THF with Pd(PPhs)s as
the catalyst, as well as dppe, dppp and (R)-BINAP as the ligands for palladium, marginally
higher amounts of 6-membered heterocycle 33a were observed by 'TH NMR spectroscopy
(entries 8-11). Formation of 33a was more efficient with dppf and DPEphos as the ligands
(entries 12 and 13). The highest yield of 33a was obtained with Xantphos as the ligand
where homocoupling was much less prevalent (entry 14). Reaction time could also be
reduced from 15 h to 1 h with little detriment to the yield of 33a (entry 15). Finally, we found
the reaction to be scalable and 33a was isolated in 63% yield on 2 g scale (entry 16). The
order of addition of nucleophiles in this cyclisation arises from the higher acidity of the
malonate than the amide in 25a, resulting in selective deprotonation and, thus,
chemoselective alkenylation of the enolate, followed by O-allylic alkylation of the amide.



Table 2. Cyclisation of benzamide 25a.2

MeO,C

Bz

/\OBOC 26 31

MeO,C._CO,Me (1.5 eq) not observed

R, e K e

THF, rtor 80°C, 15h  MeOz CO,Me N\/

25a 33a Ph
entry ligand temperature yield of 32 %P  yield of 33a %P
1 Pd(PPh3)4c rt 97 3
2 dppe rt 0 0
3 dppp rt 30 0
4 (R)-BINAP rt 99 0
5 dppf rt quant. (98)d 0
6 DPEphos rt 94 6
7 Xantphos rt 66 3
8 Pd(PPh3)4c 80 °C 56 19
9 dppe 80 °C 60 7
10 dppp 80 °C 60 5
11 (R)-BINAP 80 °C 34 9
12 dppf 80 °C 52 36
13 DPEphos 80 °C 13 56
14 Xantphos 80 °C 14 74 (73)d
15e Xantphos 80 °C 21 68 (66)
16f Xantphos 80 °C n.d. 63d

aReactions were performed on 0.2 mmol scale.

bYield determined by 'H NMR spectroscopy of the crude product mixture using 1,3,5-
trimethoxybenzene as the internal standard.

cUsed in place of Pda(dba)s.

dYield of isolated product.

eReaction time was 1 h.

fReaction performed on 2 g scale.

To test whether formation of homocoupled 32 is a reversible process under palladium(0)
catalysis and whether 32 could be converted to cyclic product 33a, we re-subjected 32 to the
same reaction conditions at an elevated temperature (Scheme 3). No reaction took place
and linear 32 was re-isolated, suggesting that homocoupling of 25a is an irreversible
reaction even at 80 °C.

Pd,dbag (5 mol%)
NHBz Xantphos (10 mol%) MeO,C
MeO.G CO,Me THF, 80 °C, 15 h MeO,C
MeO,C CO,Me - e N O
NHBz Y
32 33a Ph

Scheme 3. Lack of reactivity of homocoupled 32.
Cyclisation of a—amido malonates

Having established suitable reaction conditions for the cyclisation of malonate-amide bis-
nucleophile 25a with propargyl carbonate 26 to dihydrooxazine 33a, we next sought to
investigate the substrate scope of this reaction (Table 3). In this context, a range of amides
25 were reacted with propargyl carbonate 26 under the optimised reaction conditions.



Table 3. Amide scope investigation.2

»# OBoc 26

MeO,C
MeO,C.__CO,M 1.5e 2
e0; Y Me (1.5eq) Meozcﬁ)g

HN 0] Pd,dbag (5 mol%) N

NS
\( Xantphos (10 mol%) Y
R THF, 80°C, 1 h R
33
MeO,C, MeO,C, - MeO,C
MeO,C MeO,C . MeO,C
N YO N O — \ . Ny O
Ph U | \—J U
S Y S
N
33a X
66% yield® 33b 33c
63% yield [2 g scale]°  55% yield CCDC 2040606 57% yield
MeO, MeO,C MeO,C
MeO,C MeO,C
MeOzCﬁ)H Me0,C Me0,C Meozé% Meozczﬁ)J\
Ny O Ns O N O N O Ny O
= l/
X
OMe No2 F
33d 33e 33f 33h
65% yield 47% vyield 61% yield 49 / yleld 37% yield

M902 MeOZC Me02

MeOQC MeOQC MeOQC MeO,C Meoz%
Ny O Ny O N MeO,C MeO,C

é (5 \5 NTV'reO Nj/o

33| 33k not observed
56% yield 36% yleldd 47% yield

O

aReactions were performed on 0.2 mmol scale.
bYield of isolated 33.

cReaction time was 15 h.

dReaction performed in CHxCl, at 60 °C for 15 h.

All starting amides 25 were consumed within 1 h, but due to the presence of some
homocoupling of 25, the yields of product 33 were moderate to good in most cases. Tolyl-
substituted substrates 25b-d afforded the desired heterocycles 33b-d in 55-65% yield. An X-
ray structure of 33b was also obtained.?®> Even more hindered mesityl 33e was isolated in
moderate yield. Both para-electron-donating and withdrawing groups were tolerated in 33f
and 33g. The cyclisation to fluorinated 33h was less efficient compared to para-chloro-
substituted 33i. Brominated product 33j was only obtained by running the reaction in CH2Cl-
in low yield, presumably due to competing oxidative addition of palladium to the C-Br bond.
The reaction scope was also extended to heterocyclic 33k, which was isolated in moderate
yield. Unfortunately, alkyl-substituted amides did not undergo cyclisation to 331 and 33m.

The substrate scope with respect to the substitution of the propargylic electrophile was
explored next. The cyclisation of benzamide 25a with methyl-bearing electrophile 34a was
performed under the optimised reaction conditions in refluxing THF with a longer reaction
time of 15 h to ensure complete conversion (Scheme 5). The desired heterocycle 35a was
isolated in good yield and as a single regioisomer with O-allylic alkylation taking place
exclusively at the more substituted allylic terminus, presumably due to greater positive
charge stabilisation at the more substituted position in the n—allylpalladium(ll) cation.
Unfortunately, in addition to 35a, diene 37, resulting from b-hydride elimination,?* was also
formed. However, by simply changing the reaction solvent to CH2Cl», the formation of by-
product 37 was suppressed and 35a isolated in 88% yield.
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MeO,C._COMe =  OBoc MeO,C, Me MeO,C _
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Scheme 5. Cyclisation with substituted electrophile 34a.

Using these conditions, the cyclisation reaction of 25a with other alkyl-substituted
electrophiles 34 was attempted (Table 4). In most cases, the desired products 35 were
isolated in significantly higher yields than 33 (vide supra, Table 3), as homocoupling and b-
hydride elimination were fully suppressed. It is also noteworthy that all reactions were
completely regioselective for allylic alkylation at the more hindered position. In this context,
linear aliphatic substituents in 35a-c were successfully installed in high yield, and an X-ray
crystal structure of 35a verified the chemo- and regioselectivity of cyclisation.2® Benzyl- and
thioether-bearing 35d and 35e, respectively, were also readily formed. Side-chain branching
in 35f did not negatively affect the reaction. More sterically hindered cyclohexyl and piperidyl
examples 35g and 35h, respectively, were also isolated in high yields. Surprisingly,
reactions to cyclopropyl and isopropy! products 35i and 35j, respectively, were lower
yielding. More sterically encumbered propargylic electrophiles proved challenging: bulky tert-
butyl group bearing 34k, as well as tertiary carbonates 341 and 34m, failed to react.

Table 4. Alkyl-substituted propargylic electrophile scope.2

R
/k 34 MeO,G
MeO,C CO,M OBoc (1.5e 2 R
eO, Y ,Me 7 (1.5 eq) Meozcﬁ)k(

NHBz Pd,dbag (5 mol%) Ny 0
Xantphos (10 mol%) Ph
CHCl,, 60 °C, 15 h 35
MeO,C < X
MeO,C _ \ \
N \ o = /}» CCDC 2040607
Ph
35a )
88% yield®
MeO,C MeO,C, n-C-H MeO,C
MeOzCﬁ)J\( MeOQC 75 MeO,C Ph
N \ (0] Ny O
ph Ph Ph
35b 35¢ 35d
97% yield 91% yield 87% yield
MeO,C MeO,C MeO,C
MeO,C MeO,C MeO,C
N \ (0] N YO N YO
Ph
35e 35f 35¢g
80% vyield 77% yield 96% yield
NBoc
MeO,C Me02 MeO,C Pr
MeOQC MeOZC MeO,C
N \ (0] Ny O
Ph Ph
35h 35i 35j
85% yield 37% yield 25% vyield
Me  Me
% OBoc / OBoc Z OBoc
341 34m

unsuccessful substrates

aReactions were performed on 0.2 mmol scale.
bYield of isolated 35.



While the cyclisation of benzamide 25a with alkyl-substituted propargylic carbonates 34 was
found to be completely regioselective, this observation did not hold true for the cyclisation of
25a with phenyl-substituted electrophile 34n (Table 5). Specifically, when a ligand screen
was performed in THF as the solvent, both 35n and its regioisomer 36n were formed in most
cases, as observed by 'TH NMR spectroscopy. It was found that dppe did not mediate the
reaction (entry 1), whereas reactions with dppp and (R)-BINAP as the ligands were low
yielding with selectivity in favour of undesired isomer 36n (entries 2 and 3). Reaction with
Xantphos as the ligand gave a reaction marginally in favour of 35n (entry 4), whereas
DPEphos afforded a higher yield of 35n (entry 5). To explore whether the selectivity of the
cyclisation and, therefore, the yield of 35n, could be improved by varying the reaction
solvent, a set of standard solvents were tested with DPEphos as the ligand. The outcome
was indeed found to be highly dependent on the solvent. Toluene and 1,4-dioxane improved
the ratio of products somewhat (entries 6 and 7), but a significant enhancement in reaction
selectivity was seen in CHxCl2 (entry 8). Although MTBE afforded by far the best selectivity
(entry 9), 1,2-DCE gave the best balance of selectivity and yield (entry 10), providing 35n in
87% isolated yield. For comparison, we also applied the reaction conditions that had been
found to be optimal for the cyclisation of alkyl-substituted carbonates (entry 11), and found
that, although the regioselectivity was excellent, the yield of isolated 35n was lower.
Concerning the alkene geometry in undesired isomer 36n, the n—allylpalladium(Il) complex
appears to have undergone a syn-anti isomerisation prior to cyclisation in order to avoid
severe steric interactions between the phenyl and the malonate substituents.

Table 5. Cyclisation with phenyl propargyl carbonate 34n.2

Ph Ph
34n MeO,C MeO,C |l
MeOgCYCOQMe /\OBoc (1560)  Me0,G Ph Meozé
NYO
Ph

NHBz _— Ny O
Pd,dbas (5 mol%)
ligand (10 mol%)

25a solvent, 80 °C, 15 h 35n 36n

entry ligand solvent 35n:36n°c  yield of 35n %
1 dppe THF - 0

2 dppp THF 1:25 6

3 (R)-BINAP THF 1:3.1 15

4 Xantphos THF 1.2:1 37

5 DPEphos THF 1.2:1 50

6 DPEphos toluene 1.4:1 42

7 DPEphos 1,4-dioxane 1.9 :1 54

8 DPEphos CH:Cl2 59:1 83

9b DPEphos MTBE 14 :1 89 (79)e
10 DPEphos 1,2-DCE 89:1 89 (87)
11b Xantphos CHxCl» >19:1 77 (73)¢

aReactions were performed on 0.2 mmol scale.

bReaction performed at 60 °C.

cRatio determined by 'H spectroscopy of the crude product mixture.

dYield of 35n determined by 'H NMR spectroscopy of the crude product mixture using 1,3,5-
trimethoxybenzene as the internal standard.

eYield of isolated 35n.

With optimal conditions for the regioselective cyclisation of benzamide 25a with phenyl-
substituted propargylic carbonate 34n in hand, the stage was set to investigate the
generality of this process with other carbonates 34 (Table 6), and a variety of aryl
substituents were found to be well-suited in this cyclisation. More specifically, the
regioselectivity of cyclisation with strongly electron-rich para-methoxy-substituted 340 to 350



was as high as that of 35n. Although formation of dimethoxy-substituted 35p was less
selective, the yield of the desired isomer was still good. Weakly electron-donating methyl
substituents paved the way to good yields of products 35q and 35r, albeit the regioselectivity
of the formation of ortho-substituted 35r was moderate. Heterocycle 35s, bearing an
electron-withdrawing ester, was also formed in good yield. Halogen substituents were readily
incorporated, resulting in the formation of 35t and 35u with good selectivity and in high yield.
Unfortunately, tertiary aryl-substituted carbonates 34v and 34w did not undergo cyclisation,
likely due to steric effects. Although electron-donating substituents should lead to better
stabilisation of the positive charge at the more substituted position in the n—allylpalladium(ll)
intermediate,’’° and result in a more selective cyclisation in favour of 35, we did not observe
a definitive trend in this study. For example, 35p and 35s were formed with similar
regioselectivity despite the contrasting electronic properties of the substituents, whereas 35u
was obtained with high selectivity despite the electron-withdrawing nature of fluorine.

Table 6. Aryl-substituted propargylic electrophile scope.al

M
MeO,C. COMe /\oaoc (toeq) Megfg Mtfg%%
2

NHBZ " Pdydba (5 mol%) N Y 0o

DPEphos (10 mol%)
1,2-DCE, 80 °C, 15 h
25a

MeO,C Ph MeO,C MeO,C
MeO,C MeO,C MeOZC
N§ro N \ (0]

35n 350 35p
8.9:1 1 8.9:11r 431
87% yield® 75% yield 68% yield
Me CO,Me
MeO,C MeO,C MeO,C
MeO,C MeO,C MeO,C
NYO N\ O Me N\ (0]
35q 35r 35s
9.4:1rr 3.4:1rr 3711
78% yield 65% yield 72% yield

cl F
MeO,C MeO,G
MeO,C MeO,C Ph Me Ph Ph

Ny O Ny O
Y Y /(OBOC %OBOC

Ph Ph 34v 34w
35t 35u unsuccessful substrates
5.4:1rr 8.0:1rr
80% yield 81% yield

aReactions were performed on 0.2 mmol scale.
bRatio of 35:36 determined by 'H NMR spectroscopy of the crude product mixture.
cYield of isolated 35.

Although two individual sets of reaction conditions were required to maintain the efficiency
and selectivity of the cyclisation of alkyl- and aryl-substituted propargylic electrophiles
(Tables 4 and 6), we subsequently attempted the cyclisation of methyl-substituted propargyl
carbonate 34a with benzamide 25a under the conditions used for reactions with aryl-
substituted substrates (DPEphos, 1,2-DCE, 80 °C), and isolated heterocycle 35a in 92%
yield (cf. Table 4, 88% yield of 35a with Xantphos, CH2Cl», 60 °C). Given the equally high
efficiency of this cyclisation, it is likely that DPEphos as the ligand and 1,2-DCE as the
solvent under reflux may in fact represent more general reaction conditions for the efficient
cyclisation of not only aryl- but also alkyl-substituted propargylic electrophiles.
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Enantioselective cyclisation of a—amido malonates

The cyclisation of benzamide 25a with both alkyl- and aryl-substituted propargylic
electrophiles has been shown to proceed with high levels of regioselectivity, in which allylic
alkylation at the more substituted position is preferred, installing a chiral allylic centre. As
such, these results present opportunities for the development of an enantioselective variant
of the reaction using a chiral ligand for palladium provided that the desired regioselectivity is
simultaneously maintained.

With this in mind, the cyclisation of bis-nucleophile 25a with methyl-substituted electrophile
34a in the presence of a chiral ligand for palladium was explored (Table 7). Reactions using
(R)-BINAP (L1), (R)-SEGPHOS (L2), (R)-P-PHOS (L3), and 2-furyl analogue of (R)-BIPHEP
L4 as the chiral ligand in THF as the solvent all afforded 35a in good yield, with complete
regioselectivity and no b-hydride elimination; however, the enantioselectivity was low
(entries 1-4). The best result was obtained with (R)-Phanephos (L5) as the ligand (entry 5),
giving 35a in 80% yield but low 38% ee; the results using analogues of Phanephos, L6 and
L7, were poorer (entries 6 and 7). Having previously observed the dramatic effect of the
reaction solvent on the outcome of the cyclisation, a solvent screen was performed using
ligand L5. Etherial solvents 1,4-dioxane and MTBE led to higher ees of up to 55% (entries 8
and 9); however, the yields of 35a were substantially lower. DME and 1,2-DCE as solvents
maintained the enantioselectivity and the yields of 35a were high (entries 10 and 11). The
best balance of reaction efficiency and selectivity was obtained in CH>Cl», giving 35a in 90%
yield and moderate 47% ee.
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Table 7. Optimisation of the enantioselective cyclisation.2

Me
34a MeO,C . Me
MeOZCYCOZMe = OBoc (1.5eq) MeO,C
-z .

NHBz Pd,dbag (2.5 mol%) NQ(O
ligand (6 mol%) Ph
25a solvent, 80 °C, 15 h 35a
entry ligand solvent yield %¢ ee
O/Od
1 L1 THF 69 -3
2 L2 THF 73 -12
3 L3 THF 79 —24
4 L4 THF 81 —25
5 L5 THF 80 38
6 L6 THF 78 10
7 L7 THF 74 —20
8 L5 1,4-dioxane 44 44
9 L5 MTBE 39 55
10 L5 DME 81 49
11 L5 1,2-DCE 84 44
120 L5 CHCl> 90 47

aReactions were performed on 0.15 mmol scale.
bReaction performed at 60 °C.

cYield of isolated 35a.

dDetermined by chiral HPLC.

O PPh,

l PPh,

MeO P(2 furyl)2 O oR L5: R=Ph
e

Although the enantioselectivity of cyclisation with methyl-substituted propargyl carbonate
34a was only moderate, we postulated that a substituent that is sterically larger than methyl
may impart more significant steric bias in the transition state of allylic alkylation, potentially
leading to higher levels of enantioselectivity. To test this idea, several alkyl- and aryl-
substituted propargyl carbonates 34 were investigated in the enantioselective cyclisation
with a—amido malonate 25a using (R)-Phanephos (L5) as the chiral ligand for palladium
under optimised reaction conditions (Table 8). Concerning the use of alkyl-substituted
carbonates, all cyclisation reactions took place with complete regioselectivity at the more
substituted position. Ethyl-substituted product 35b was isolated in near-quantitative yield
with similar ee to 35a. Unfortunately, bulkier benzyl and isobutyl substituents led to
essentially unselective reactions, albeit 35d and 35f were isolated in high yields. Piperidyl-
substituted 35h was also obtained with low ee. To our surprise, tert-butyl carbonate 34k,
which had been found too bulky to undergo cyclisation in racemic form, did give heterocycle
35k in 48% ee; however, the yield was very low.

PPh,
PPh,

OAO O/\O
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Table 8. Substrate scope of enantioselective cyclisation.2
R

34
/\OBOC (1.5 eq) Meoz%)k’r(R

MeO,C.__CO,Me MeO,C
N O
Pd,dbag (2.5 mol%) N
NHBz L5 (6 mol%) E
CH,Cl,, 60 °C, 15 h
25a 35
MeO,C  Me MeO,C . Et MeO,C .
MeO,C MeO,C MeO,C Ph
e " ° "y
Ph Ph Ph
35a 35b 35d
90% yield® 98% yield 88% yield
47% ee® 44% ee 8% ee
NBoc
MeO,C . MeO,C Me02 .
MeO,C MeOZC MeOZC
N YO o
Ph Ph
35f 35h 35k
88% yield 72% yield 16% yield
3% ee 20% ee 48% ee
MeO,C « Ph MeO,C MeO,C
MeO,C MeO,C MeO,C
N YO N \ (o] N \ o
Ph
35n 350 35P
93% yield 81% yield 89% yield
33% ee 19% ee 19% ee
Me CO,Me
MeO,C . MeO,C N MeO,C
MeO,C MeO,C MeO,C
N YO N YO Me N \ o
35q 35r 35s
85% yield 86% yield quant. yield
29% ee 51% ee 32% ee
cl F
MeO,C . MeO,C, .
MeO,C MeO,C
" ° e
35t 35u
88% yield 92% yield
34% ee 33% ee

aReactions were performed on 0.15 mmol scale.
bYield of isolated 35.
cDetermined by chiral HPLC.

Concerning aryl-substituted electrophiles 34, in contrast to the formation of products in
racemic form (vide supra, Table 6), the cyclisation reactions in the presence of ligand L5
proceeded with complete regioselectivity (rr >19:1) in all cases. As a result, the yields of
products were consistently high. With respect to enantioselectivity, however, the ees were
only moderate. In this context, phenyl-substituted 35n was obtained with 33% ee, which
decreased further with electron-donating substituents in 350 and 35p. Although the ee of
para-methyl-substituted 35q was only 29%, ortho-methyl-substituted example 35r was
isolated with the highest selectivity of 51% ee, presumably due to steric factors. Electron-
withdrawing groups and halides in 35s-u gave ees of 32-34%.
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Reaction mechanism

We postulate a reaction mechanism that is in accord with the general reactivity profile of
propargylic electrophiles under palladium catalysis (Scheme 6). Oxidative addition of the
palladium(0) catalyst to propargylic electrophile 34 results in the formation of n—
propargylpalladium(ll) intermediate 38, releasing carbon dioxide gas and the tert-butoxide
anion. Intermediate 38 can interconvert with its s-propargylpalladium(ll) and s-
allenylpalladium(ll) isomers. At this stage, bis-nucleophile 25a undergoes selective
deprotonation by the hitherto expelled tert-butoxide anion to form an enolate nucleophile in
situ due to a substantial difference in pK, between the malonate and the amide. The soft
nature of the enolate ensures nucleophilic addition to the central carbon atom of n—
propargylpalladium(ll) intermediate 38, giving rise to transient palladacyclobutene species
39.25 Protonation of palladacyclobutene 39 paves the way to the amide anion as the second
nucleophile and the rn—allylpalladium(ll) electrophile in 40. In the final step, regioselective
intramolecular allylic alkylation of the oxygen atom at the more substituted position of the n—
allylpalladium(ll) cation affords dihydrooxazine heterocycle 35 and regenerates the
palladium(0) catalyst.

R
et
34
MeO,C /OBOC

"y

0
o
Ph LiPd(0) CO, + tBUO
35

®
. palinL, AR
MeO,C /. ~ s
Meozcﬁ)\\R ®Pd(II)L,
@N\fo 38
Ph
40

MeOQCYCOZMe
k NHBz 25a
©
\ Pd(IIL, + t+BuO
MeO,C |l +BuOH
MeO,C R

HN__O

Ph 39
Scheme 6. Proposed reaction mechanism.
Conclusions

As part of the investigation into the palladium-catalysed cyclisation of a—amino malonates
with propargylic electrophiles, we have discovered a—amido malonates as suitable bis-
nucleophiles for the catalytic construction of novel dihydrooxazine heterocycles in a manner
that enables contemporaneous control of chemo-, regio- and, to some degree,
stereoselectivity.

o—Amido malonates were found to undergo cyclisation with complete chemoselectivity due
to a substantial difference in pKa of the malonate and amide functionalities, whereby the
presence of an amide N-protecting group is essential to invoke the desired reactivity. A key
observation was that the regioselective O-allylic alkylation, resulting in thermodynamic 6-
membered dihydrooxazine products, rather than the N-allylic alkylation pathway to kinetic 4-
membered azetidine heterocycles, operates. The reaction tolerates a broad range of alkyl-
and aryl-substituted allylic electrophiles, and affords functionalised dihydrooxazines with
excellent levels of regioselectivity with respect to substitution at the n—allylpalladium(Il)
electrophile. Finally, although the levels of enantioselectivity were only moderate in our
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investigation of a stereoselective variant of the cyclisation, we have been able to
simultaneously maintain full chemo- and regioselectivity.

As shown in this study, the synthesis of highly functionalised heterocycles by means of
catalytic cyclisation of propargylic electrophiles is a challenging task due to the involvement
of several layers of selectivity in a single process, as well as the sensitive nature of the
reaction to both the structural features of the substrate and the reaction conditions, such as
solvent and ligand. Nevertheless, upon careful optimisation, these challenges can be
successfully overcome, offering access to new types of heterocycle with broad substitution
in a single step. The development of an enantioselective cyclisation remains to be a
formidable goal, exacerbated by the requirement for an elevated reaction temperature in
order to achieve the desired reactivity.

Experimental section.
General Experimental Section.

All reactions were performed under an argon atmosphere in oven dry glassware. All
commercially available starting materials were used as received without further purification.
Solvents were of reagent grade and dried prior to use. Petrol refers to the fraction of
petroleum ether that boils between 40 °C and 60 °C. All agueous reagents were saturated
unless specified otherwise. Reactions were monitored by thin layer chromatography using
pre-coated silica gel plates with a fluorescent indicator (254 nm) and visualized by UV light
(254 nm) or by staining with potassium permanganate or agueous acidic ammonium
molybdate(lV) solutions. Flash column chromatography was carried out using Fisher silica
gel (60 A particle size, 230—-400 mesh). NMR spectra were recorded on either 400 or 300
MHz instruments ("H NMR at 400 and 300 MHz, respectively, and '*C NMR at 100 and 75
MHz, respectively) in CDCIs. Residual solvent CHCI; was referenced at 7.26 ppm for 'H
NMR spectra and the central resonance of CDCl; was referenced to 77.0 ppm for '3C NMR
spectra. IR spectra were recorded on an Agilent Technologies Cary 630 FTIR spectrometer
as a neat film. High resolution mass spectrometry data were recorded using electron spray
ionisation or atmospheric pressure chemical ionisation on an LCMS-IT-TOF mass
spectrometer. Melting points were uncorrected. Chiral HPLC was performed on a Shimadzu
instrument equipped with a UV detector. Optical rotation data were collected on an AA-65
automatic polarimeter. Single crystal X-ray crystallography data were collected on a
SuperNova instrument.

Experimental Procedures.

The below compounds have been previously prepared and their characterisation data
reported in the literature.

o-Amido malonates: 23 and 25a;%6 24,27 25i;28 25I;2° 25m.30
Propargyl carbonates: 26, 341 and 34n;'> 34m;3! 340, 34q and 34t;32 34r and 34u;3 34v.34

Experimental procedures and analytical data for all novel compounds are provided below.
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MeOQCYCOQMe R)J\c| MeO,C.__CO,Me

—_—

NH, Et;N HN \fo

R
M 25

General Procedure A for the synthesis of a—amido malonates 25. a—Amino
dimethylmalonate (41) was prepared via known literature methods.2?2 Amine 41 (290 mg, 2.0
mmol) was dissolved in CH2Cl> (10 mL). The requisite acid chloride (2.0 mmol), followed by
EtsN (0.83 mL, 6.0 mmol) were added to the solution. The solution was stirred at room
temperature overnight. The reaction was quenched with aq. HCI (1 N, 20 mL). The organic
phase was separated and the aqueous phase extracted with CH2Cl> (2 x 10 mL). The
combined organic phase was washed with brine (20 mL), dried (MgSO.) and concentrated in
vacuo. Purification by flash column chromatography afforded amide 25.

General Procedure B for cyclisation reactions of amides 25 with propargylic electrophile 26
to dihydrooxazines 33. A tube was charged with amide 25 (0.20 mmol), propargylic
electrophile 26 (50 mg, 0.30 mmol), Pdz.dbas (9.2 mg, 0.010 mmol) and Xantphos (12 mg,
0.020 mmol). THF (2 mL) was added. The tube was sealed and the mixture heated at 80 °C
for 1 h. The solution was allowed to cool to room temperature and concentrated in vacuo.
Purification by flash column chromatography afforded dihydrooxazine 33.

R Boc,O R
/‘\ — /
F OH DMAP = OBoc
EtsN
42 34

General Procedure C for the synthesis of substituted propargylic carbonates 34. To a
solution of di-tert-butyl dicarbonate (1-1.1 eq) in CH2Cl> was added alcohol 42 (1 eq),
followed by 4-dimethylaminopiridine (0.05-0.1 eq) and EtsN (1.1-1.25 eq). The mixture was
stirred at room temperature overnight. The reaction was quenched with aq. HCI (1 N, 30
mL). The organic phase was separated and the aqueous phase extracted with CH2Cl. (2 x
20 mL). The combined organic phase was washed with brine (50 mL), dried (MgSQO4) and
concentrated in vacuo. Purification by flash column chromatography afforded carbonate 34.

General Procedure D for cyclisation reactions of amide 25a with alkyl-substituted
propargylic carbonates 34 to dihydrooxazines 35. A tube was charged with amide 25a (50
mg, 0.20 mmol), alkyl-substituted propargylic electrophile 34 (0.30 mmol), Pd>dbas (9.2 mg,
0.010 mmol) and Xantphos (12 mg, 0.020 mmol). CH>Cl, (2 mL) was added. The tube was
sealed and the mixture heated at 60 °C for 15 h. The solution was allowed to cool to room
temperature and concentrated in vacuo. Purification by flash column chromatography
afforded dihydrooxazine 35.

General Procedure E for cyclisation reactions of amide 25a with ary/l-substituted propargylic
carbonates 34 to dihydrooxazines 35. A tube was charged with amide 25a (50 mg, 0.20
mmol), aryl-substituted propargylic electrophile 34 (0.30 mmol), Pd.dbas (9.2 mg, 0.010
mmol) and DPEphos (11 mg, 0.020 mmol). 1,2-DCE (2 mL) was added. The tube was
sealed and the mixture heated at 80 °C for 15 h. The solution was allowed to cool to room
temperature and concentrated in vacuo. Purification by flash column chromatography
afforded dihydrooxazine 35.

General Procedure F for the enantioselective cyclisation reactions of amide 25a with
propargylic carbonates 34 to dihydrooxazines 35. A tube was charged with amide 25a (38
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mg, 0.15 mmol), propargylic electrophile 34 (0.23 mmol), Pd-dbas (3.4 mg, 0.0038 mmol)
and (R)-Phanephos (5.2 mg, 0.0090 mmol). CH2Cl, (1.5 mL) was added. The tube was
sealed and the mixture heated at 60 °C for 15 h. The solution was allowed to cool to room
temperature and concentrated in vacuo. Purification by flash column chromatography
afforded dihydrooxazine 35.

Dimethyl ((4-methylbenzoyl)amino)propanedioate (25b). Following General Procedure A,
41 was reacted with 4-methylbenzoyl chloride (0.27 mL). Purification by flash column
chromatography [hexane:EtOAc 4:1] afforded 25b (0.37 g, 70%) as a colourless solid. Rr =
0.50 [petrol:EtOAc 1:1]. m.p. 123—-125 °C. IR (neat): 3319, 3032, 2959, 2940, 1742 cm~'. 'H
NMR (300 MHz, CDCls): 6 7.73 (d, J=8.3 Hz, 2H), 7.24 (d, J= 7.8 Hz, 2H), 7.13 (d, J=7.0
Hz, 1H), 5.39 (d, J= 6.9 Hz, 1H), 3.83 (s, 6H), 2.39 (s, 3H). '3C NMR (75 MHz, CDCls): 6
166.9, 166.7, 142.7, 129.9, 129.2, 127.3, 56.4, 53.4, 21.4. HRMS (ESI) (m/z): calcd for
C13H1sNOs [M+Na]+ 288.0842; found 288.0830.

Dimethyl ((3-methylbenzoyl)amino)propanedioate (25c). Following General Procedure A,
41 was reacted with 3-methylbenzoyl chloride (0.26 mL). Purification by flash column
chromatography [hexane:EtOAc 3:1] afforded 25¢ (0.28 g, 52%) as a colourless solid. Rr =
0.48 [petrol:EtOAc 1:1]. m.p. 87-89 °C. IR (neat): 3316, 3060, 1744, 1638, 1522 cm~'. 'H
NMR (400 MHz, CDCls): & 7.67-7.59 (m, 2H), 7.35-7.31 (m, 2H), 7.15 (d, J = 6.8 Hz, 1H),
5.40 (d, J=6.9 Hz, 1H), 3.84 (s, 6H), 2.39 (s, 3H). '3C NMR (100 MHz, CDCls):  167.0,
166.8, 138.5, 132.9, 132.7, 128.5, 127.9, 124.3, 56.5, 53.5, 21.3. HRMS (ESI) (m/z): calcd
for C13H1sNOs [M+H]+ 266.1023; found 266.1010.

Dimethyl ((2-methylbenzoyl)amino)propanedioate (25d). Following General Procedure A,
41 was reacted with 2-methylbenzoyl chloride (0.27 mL). Purification by flash column
chromatography [hexane:EtOAc 4:1] afforded 25d (0.40 g, 75%) as a colourless solid. Rr =
0.49 [petrol:EtOAc 1:1]. m.p. 86—-88 °C. IR (neat): 3276, 2963, 2924, 1757, 1744 cm~'. 'H
NMR (400 MHz, CDCls): 8 7.48 (d, J=7.9 Hz, 1H), 7.36 (td, J=7.3, 1.5 Hz, 1H), 7.27-7.21
(m, 2H), 6.78 (d, J=6.2 Hz, 1H), 5.39 (d, J= 7.1 Hz, 1H), 3.86 (s, 6H), 2.48 (s, 3H). 13C
NMR (100 MHz, CDCls): 6 166.4, 166.7, 136.8, 134.5, 131.2, 130.6, 127.1, 125.8, 56.4,
53.5, 19.8. HRMS (ESI) (m/z): calcd for C13H1sNOs [M+Na]* 288.0842; found 288.0836.

Dimethyl ((2,4,6-trimethylbenzoyl)amino)propanedioate (25e). Following General
Procedure A, 41 was reacted with 2,4,6-trimethylbenzoyl chloride (0.33 mL). Purification by
flash column chromatography [hexane:EtOAc 3:1] afforded 25e (0.25 g, 42%) as a
colourless solid. Rr = 0.59 [petrol:EtOAc 1:1]. m.p. 90-93 °C. IR (neat): 3371, 2956, 1754,
1655, 1506 cm~'. '"H NMR (400 MHz, CDCls): 6 6.85 (d, J= 0.7 Hz, 2H), 6.68 (d, J = 7.0 Hz,
1H), 5.41 (d, J=7.0 Hz, 1H), 3.85 (s, 6H), 2.30 (s, 6H), 2.28 (s, 3H). '3C NMR (100 MHz,
CDCls): 6 170.1, 166.5, 139.0, 134.6, 133.2, 128.2, 56.0, 53.4, 21.1, 19.0. HRMS (ESI)
(m/2): calcd for C1sH19NOs [M+Na]* 316.1155; found 316.1150.

Dimethyl ((4-methoxybenzoyl)amino)propanedioate (25f). Following General Procedure
A, 41 was reacted with p-methoxybenzoyl chloride (0.34 g). Purification by flash column
chromatography [hexane:EtOAc 4:1] afforded 25f (0.47 g, 84%) as a colourless solid. Rr =
0.50 [petrol:EtOAc 1:1]. m.p. 116-119 °C. IR (neat): 3324, 2961, 2939, 2841, 1742 cm~'. 'H
NMR (400 MHz, CDCls): 6 7.81 (d, J = 8.9 Hz, 2H), 7.05 (d, J= 6.7 Hz, 1H), 6.93 (d, J= 8.9
Hz, 2H), 5.38 (d, J= 6.8 Hz, 1H), 3.85 (s, 3H), 3.84 (s, 6H). '*C NMR (100 MHz, CDCls): &
167.0, 166.3, 162.7, 129.2, 125.1, 113.8, 56.5, 55.4, 53.5. HRMS (APCI) (m/z): calcd for
C13H1sNOes [M+H]* 282.0972; found 282.0965.
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Dimethyl ((4-nitrobenzoyl)amino)propanedioate (25g). Following General Procedure A,
41 was reacted with p-nitrobenzoyl chloride (0.37 g). Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded 259 (0.24 g, 42%) as a colourless solid. Rr =
0.63 [petrol:EtOAc 3:1]. m.p. 150-153 °C. IR (neat): 3324, 2961, 2939, 2841, 1742 cm~'. 'H
NMR (400 MHz, CDCls): 6 8.32 (d, J = 9.0 Hz, 2H), 8.02 (d, J = 9.0 Hz, 2H), 7.22 (d, J=6.5
Hz, 1H), 5.38 (d, J= 6.8 Hz, 1H), 3.88 (s, 6H). '3*C NMR (100 MHz, CDCls): 6 166.4, 164.9,
150.0, 138.3, 128.6, 123.9, 56.6, 53.8. HRMS (APCI) (m/z): calcd for C12H12N20O7 [M+H]*
297.0717; found 297.0729.

Dimethyl ((4-fluorobenzoyl)amino)propanedioate (25h). Following General Procedure A,
41 was reacted with 4-fluorobenzoyl chloride (0.26 mL). Purification by flash column
chromatography [hexane:EtOAc 4:1] afforded 25h (0.42 g, 77%) as a colourless solid. Rr =
0.55 [petrol:EtOAc 1:1]. m.p. 101-106 °C. IR (neat): 3334, 2961, 2937, 1759, 1744 cm~'. 'H
NMR (300 MHz, CDCls): & 7.82 (dd, J=8.9, 5.2 Hz, 2H), 7.05 (t, J= 8.8 Hz, 2H), 5.35 (d, J
=7.0 Hz, 1H), 3.77 (s, 6H). '3C NMR (75 MHz, CDCls): d 166.6, 165.7, 164.9 (d, J = 252.6
Hz), 129.7 (d, J=9.0 Hz), 128.9 (d, J= 3.2 Hz), 115.5 (d, J = 22.0 Hz), 56.3, 53.3. HRMS
(ESI) (m/2): calcd for C12H12NOsF [M+Na]*+ 292.0592; found 292.0593.

Dimethyl ((4-bromobenzoyl)amino)propanedioate (25j). Following General Procedure A,
41 was reacted with 4-bromobenzoyl chloride (0.44 g). Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded 25j (0.51 g, 77%) as a colourless solid. Rr =
0.66 [petrol:EtOAc 1:1]. m.p. 161-163 °C. IR (neat): 3313, 2957, 2939, 1759, 1744 cm~'. 'H
NMR (400 MHz, CDCls): & 7.71 (d, J = 8.8 Hz, 2H), 7.60 (d, J=8.8 Hz, 2H), 7.10 (d, J= 7.2
Hz, 1H), 5.37 (d, J = 6.8 Hz, 1H), 3.86 (s, 6H). 3C NMR (100 MHz, CDCls): & 166.7, 165.9,
131.9, 131.7,128.9, 127.1, 56.5, 53.6. HRMS (APCI) (m/z): calcd for C12H127°BrNOs [M+H]*
329.9972; found 329.9962.

Dimethyl ((furan-2-ylcarbonyl)amino)propanedioate (25k). Following General Procedure
A, 41 was reacted with furan-2-acetyl chloride (0.21 mL). Purification by flash column
chromatography [hexane:EtOAc 5:1] afforded 25k (0.24 g, 49%) as a colourless solid. Rr =
0.51 [petrol:EtOAc 1:1]. m.p. 130-137 °C. IR (neat): 3386, 3114, 2995, 1756, 1734 cm~'. 'H
NMR (400 MHz, CDCls): 6 7.50 (dd, J= 1.8, 0.9 Hz, 1H), 7.28 (d, J= 7.0 Hz, 1H), 7.17 (dd,
J=3.5,0.9 Hz, 1H), 6.52 (dd, J = 3.5, 1.7 Hz, 1H), 5.37 (d, J=7.2 Hz, 1H), 3.85 (s, 6H). '3C
NMR (100 MHz, CDCls): 6 166.6, 157.6, 146.8, 144.6, 115.5, 112.3, 55.7, 53.6. HRMS
(APCI) (m/z): calcd for C10H11NOs [M+H]* 242.0659; found 242.0655.

Tetramethyl 2,2,13,13-tetramethyl-7-methylidene-4,11-dioxo-3,12-dioxa-5,10-
diazatetradecane-6,6,9,9-tetracarboxylate (30). A tube was charged with carbamate 24
(49 mg, 0.20 mmol), propargylic electrophile 26 (47 mg, 0.30 mmol), Pd.dbas (9.2 mg, 0.010
mmol) and DPEphos (11 mg, 0.020 mmol). THF (2 mL) was added. The tube was sealed
and the mixture heated at 80 °C for 15 h. The solution was allowed to cool to room
temperature and concentrated in vacuo. Purification by flash column chromatography
[hexane:EtOAc 4:1-2:1] afforded homocoupled product 30 (43 mg, 81%) as a yellow oil. Rr =
0.53 [petrol:EtOAc 1:1]. IR (neat): 3425, 2956, 1743, 1715 cm~'. "H NMR (300 MHz, CDCl5):
0 5.91 (br s, 2H), 5.57 (s, 1H), 5.34 (s, 1H), 3.77 (s, 6H), 3.73 (s, 6H), 3.27 (s, 2H), 1.42 (s,
18H). '3C NMR (75 MHz, CDCls): d 168.4, 167.4, 154.2, 137.0, 120.0, 80.6, 80.4, 70.1, 66.3,
53.5, 53.4, 34.7, 28.2, 28.1. HRMS (ESI) (m/z): calcd for C23HzsN2012 [M+Na]* 555.2160;
found 555.2146.

Tetramethyl 1,4-bis(benzoylamino)-2-methylidenebutane-1,1,4,4-tetracarboxylate (32).

A tube was charged with amide 25a (50.2 mg, 0.2 mmol), propargylic electrophile 26 (47 mg,
0.30 mmol), Pd=dbas (9.2 mg, 0.010 mmol) and dppf (11 mg, 0.020 mmol). THF (2 mL) was
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added. The mixture was stirred at room temperature for 15 h, then concentrated in vacuo.
Purification by flash column chromatography [hexane:EtOAc 1:1] afforded homocoupled
product 32 (53 mg, 98%) as a sticky yellow oil. R = 0.22 [petrol:EtOAc 1:1]. IR (neat): 3411,
2956, 1737, 1664, 1508 cm~'. "H NMR (400 MHz, CDCl3): 8 7.74 (d, J= 7.0 Hz, 4H), 7.57
(s, 1H), 7.54-7.45 (m, 3H), 7.44-7.34 (m, 4H), 5.72 (s, 1H), 5.39 (s, 1H), 3.77 (s, 6H), 3.75
(s, 6H), 3.52 (d, J= 1.1 Hz, 2H). '3C NMR (100 MHz, CDCls): & 168.4, 167.3, 166.2, 166.0,
136.6, 132.9, 132.8, 132.0, 131.9, 128.5, 128.5, 127.2, 120.8, 69.8, 66.5, 53.8, 53.7, 34.8.
HRMS (ESI) (m/z): calcd for C27H28N2010 [M—H]- 539.1671; found 539.1667.

Dimethyl 5-methylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-dicarboxylate (33a).
Following General Procedure B, amide 25a (50 mg, 0.20 mmol) underwent the palladium-
catalysed cyclisation. Purification by flash column chromatography [hexane:EtOAc 4:1]
afforded 33a (38 mg, 66%) as a brown solid.

The analogous reaction was carried out on larger scale. To a solution of amide 25a (2.51 g,
10.0 mmol) in THF (100 mL) was added Pd.dbas (0.46 g, 0.50 mmol) and Xantphos (0.58 g,
1.0 mmol). The mixture was heated to 80 °C under reflux for 30 min. A solution of
propargylic electrophile 26 (2.34 g, 15.0 mmol) in THF (5 mL) was added dropwise via
syringe. The mixture was heated at 80 °C under reflux for 15 h. The mixture was allowed to
cool to room temperature and filtered through celite. Water (300 mL) was added and the
mixture extracted with EtOAc (2 x 250 mL). The combined organic phase was washed with
half-saturated brine (500 mL), dried (MgSO.) and concentrated in vacuo. Purification by
flash column chromatography [hexane:EtOAc 9:1-4:1] afforded 33a (1.82 g, 63%) as a
brown solid.

Rr = 0.53 [petrol:EtOAc 1:1]. m.p. 141-143 °C. IR (neat): 3006, 2895, 1738, 1634 cm-'. 'H
NMR (400 MHz, CDCls): & 8.01 (d, J = 8.6 Hz, 2H), 7.46 (tt, J= 7.3, 1.4 Hz, 1H), 7.38 (t, J =
7.7 Hz, 2H), 5.47 (t, J = 1.1 Hz, 1H), 5.36 (s, 1H), 4.81 (s, 2H), 3.85 (s, 6H). 3C NMR (100
MHz, CDCls): & 168.6, 157.5, 134.3, 132.6, 131.3, 128.0, 128.0, 115.9, 70.0, 68.1, 53.3.
HRMS (ESI) (m/z): calcd for C1sH1sNOs [M+H]* 290.1023; found 290.1021.

Dimethyl 5-methylidene-2-(4-methylphenyl)-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (33b). Following General Procedure B, amide 25b (53 mg, 0.20 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 6:1] afforded 33b (33 mg, 55%) as a colourless solid. Rr = 0.40
[petrol:EtOAc 2:1]. m.p. 120-124 °C. IR (neat): 3032, 2953, 1738, 1643 cm~'. '"H NMR (400
MHz, CDCls): 6 7.88 (d, J= 8.1 Hz, 2H), 7.18 (d, J= 7.9 Hz, 2H), 5.45 (1, J= 1.2 Hz, 1H),
5.35 (s, 1H), 4.79 (d, J = 0.6 Hz, 2H), 3.84 (s, 6H), 2.37 (s, 3H). '3C NMR (100 MHz, CDCls):
0 168.7, 157.6, 141.6, 134.5, 129.9, 128.8, 127.9, 115.7, 70.0, 68.0, 53.3, 21.5. HRMS (ESI)
(m/z): calcd for C16H17NOs [M+Na]* 326.0999; found 326.1002.

Dimethyl 5-methylidene-2-(3-methylphenyl)-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (33c). Following General Procedure B, amide 25¢ (53 mg, 0.20 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 6:1] afforded 33c (34.5 mg, 57%) as a pale yellow oil. Rr = 0.52
[petrol:EtOAc 2:1]. IR (neat): 2953, 1735, 1640 cm~'. '"H NMR (400 MHz, CDCls): & 7.85-
7.82 (m, 1H), 7.79-7.73 (m, 1H), 7.28-7.24 (m, 2H), 5.46 (t, J= 1.2 Hz, 1H), 5.35 (s, 1H),
4.80 (d, J=0.7 Hz, 2H), 3.84 (s, 6H), 2.37 (s, 3H). '3C NMR (100 MHz, CDCls): & 168.6,
157.6, 137.8, 134.3, 132.5, 132.1, 128.5, 127.9, 125.0, 115.8, 70.0, 68.0, 53.3, 21.2. HRMS
(ESI) (m/2): calcd for C16H17NOs [M+Na]* 326.0999; found 326.0993.
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Dimethyl 5-methylidene-2-(2-methylphenyl)-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (33d). Following General Procedure B, amide 25d (53 mg, 0.20 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 6:1] afforded 33d (39.5 mg, 65%) as a colourless solid. R-=0.43
[petrol:EtOAc 2:1]. m.p. 128-130 °C. IR (neat): 2953, 1736, 1645 cm~'. "H NMR (400 MHz,
CDCls): 6 7.61-7.57 (m, 1H), 7.29 (td, J=7.4, 1.5 Hz, 1H), 7.19 (t, J= 7.0 Hz, 2H), 5.48 (t, J
=1.2 Hz, 1H), 5.39 (s, 1H), 4.79 (d, J = 0.6 Hz, 2H), 3.85 (s, 6H), 2.48 (s, 3H). '3C NMR (100
MHz, CDCls): 6 168.5, 159.8, 137.6, 134.2, 132.9, 130.9, 130.1, 129.3, 125.5, 115.9, 70.0,
68.0, 53.3, 20.5. HRMS (ESI) (m/z): calcd for C16H17NOs [M+H]* 304.1179; found 304.1164.

Dimethyl 5-methylidene-2-(2,4,6-trimethylphenyl)-5,6-dihydro-4H-1,3-oxazine-4,4-
dicarboxylate (33e). Following General Procedure B, amide 25e (59 mg, 0.20 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 6:1] afforded 33e (31 mg, 47%) as a clear oil. Rr = 0.62 [petrol:EtOAc 2:1].
IR (neat): 2954, 2920, 1735, 1655 cm~'. '"H NMR (400 MHz, CDCls): & 6.81 (d, J = 0.7 Hz,
2H), 5.49 (t, J=1.2 Hz, 1H), 5.40 (s, 1H), 4.77 (d, J = 0.6 Hz, 2H), 3.83 (s, 6H), 2.26 (s, 6H),
2.24 (s, 3H). '3C NMR (100 MHz, CDCls): 6 168.4, 160.1, 138.7, 135.7, 133.8, 130.9, 128.0,
116.1, 69.8, 68.0, 53.2, 21.1, 18.9. HRMS (ESI) (m/z): calcd for C1gH21NOs [M+Na]*
354.1312; found 354.1304.

Dimethyl 2-(4-methoxyphenyl)-5-methylidene-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (33f). Following General Procedure B, amide 25f (56 mg, 0.2 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 3:1] afforded 33f (39 mg, 61%) as a brown solid. Rr = 0.41 [petrol:EtOAc
2:1]. m.p. 114-117 °C. IR (neat): 2950, 2845, 1735, 1638 cm~'. '"H NMR (400 MHz, CDCls):
0 7.95 (d, J=8.9 Hz, 2H), 6.87 (d, J= 8.9 Hz, 2H), 5.45 (s, 1H), 5.34 (s, 1H), 4.78 (s, 2H),
3.84 (s, 6H), 3.83 (s, 3H). '3C NMR (100 MHz, CDCls): 8 168.7, 162.2, 157.4, 134.5, 129.8,
125.1,115.7, 113.4, 70.0, 68.0, 55.4, 53.3. HRMS (ESI) (m/2): calcd for C16H17NOs [M+H]*
320.1129; found 320.1122.

Dimethyl 5-methylidene-2-(4-nitrophenyl)-5,6-dihydro-4H-1,3-oxazine-4,4-
dicarboxylate (33g). Following General Procedure B, amide 25¢ (59 mg, 0.2 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 5:1] afforded 339 (33 mg, 49%) as a brown solid. Rr= 0.51 [petrol:EtOAc
2:1]. m.p. 113-116 °C. IR (neat): 2957, 2853, 1733, 1641 cm~". '"H NMR (400 MHz, CDCls):
08.23 (d, J=9.0 Hz, 2H), 8.18 (d, J=9.1 Hz, 2H), 5.51 (s, 1H), 5.40 (s, 1H), 4.86 (s, 2H),
3.86 (s, 6H). '3C NMR (75 MHz, CDClz): & 168.1, 155.5, 149.6, 138.3, 133.4, 129.0, 123.2,
116.7, 70.0, 68.4, 53.4. HRMS (ESI) (m/z): calcd for C1sH14N20O7 [M+H]* 335.0874; found
335.0875.

Dimethyl 2-(4-fluorophenyl)-5-methylidene-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (33h). Following General Procedure B, amide 25h (54 mg, 0.2 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 9:1] afforded 33h (23 mg, 37%) as a colourless solid. Rr = 0.45
[petrol:EtOAc 2:1]. m.p. 151-153 °C. IR (neat): 2957, 2888, 1737, 1645 cm~'. '"H NMR (400
MHz, CDCls): 6 8.00 (dd, J=9.0, 5.5 Hz, 2H), 7.05 (dd, J=9.1, 8.5 Hz, 2H), 5.47 (1, J=1.2
Hz, 1H), 5.36 (s, 1H), 4.80 (d, J= 0.7 Hz, 2H), 3.85 (s, 6H). '3C NMR (75 MHz, CDCls): 6
168.5, 164.8 (d, J =251.2 Hz), 156.6, 134.1, 130.2 (d, J=8.9 Hz), 128.8 (d, J = 3.0 Hz),
116.0, 115.0 (d, J = 21.8 Hz), 69.9, 68.1, 53.3. HRMS (ESI) (m/z): calcd for C1sH14NOsF
[M+H]+ 308.0929; found 308.0917.
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Dimethyl 2-(4-chlorophenyl)-5-methylidene-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (33i). Following General Procedure B, amide 25i (57 mg, 0.2 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 5:1] afforded 33i (36 mg, 56%) as a colourless solid. Rr = 0.45 [petrol:EtOAc
2:1]. m.p. 92-94 °C. IR (neat): 2953, 1744, 1724, 1634, 1597 cm~'. '"H NMR (400 MHz,
CDCl3): 6 7.93 (d, J=8.8 Hz, 2H), 7.34 (d, J = 8.9 Hz, 2H), 5.46 (t, J= 1.3 Hz, 1H), 5.35 (s,
1H), 4.79 (d, J = 0.7 Hz, 2H), 3.84 (s, 6H). '3C NMR (100 MHz, CDClz): & 168.4, 156.6,
137.5, 134.0, 131.1, 129.3, 128.3, 116.1, 69.9, 68.1, 53.3. HRMS (ESI) (m/z): calcd for
C15H14NOs%Cl [M+H]* 324.0633; found 324.0622.

Dimethyl 2-(4-bromophenyl)-5-methylidene-5,6-dihydro-4H-1,3-oxazine-4,4-
dicarboxylate (33j). A tube was charged with amide 25j (66 mg, 0.20 mmol), propargylic
electrophile 26 (47 mg, 0.30 mmol), Pdz.dbas (9.2 mg, 0.010 mmol) and Xantphos (12 mg,
0.020 mmol). CH2Cl. (2 mL) was added. The tube was sealed and the mixture heated to 60
°C for 15 h. The solution was allowed to cool to room temperature and concentrated in
vacuo. Purification by flash column chromatography [hexane:EtOAc 5:1] afforded 33j (26
mg, 36%) as a brown solid. Rr = 0.50 [petrol:EtOAc 3:1]. m.p. 133—135 °C. IR (neat): 2953,
2886, 1744, 1632 cm-'. 'TH NMR (400 MHz, CDCls): 6 7.87 (d, J= 8.7 Hz, 2H), 7.51 (d, J=
8.8 Hz, 2H), 5.47 (t, J= 1.2 Hz, 1H), 5.37 (s, 1H), 4.80 (s, 2H), 3.85 (s, 6H). '3C NMR (100
MHz, CDCls): 6 168.4, 156.7, 133.9, 131.5, 131.3, 129.6, 126.1, 116.2, 69.9, 68.2, 53.4.
HRMS (ESI) (m/2): calcd for C15H14NOs"°Br [M+H]*+ 368.0128; found 368.0117.

Dimethyl 2-(furan-2-yl)-5-methylidene-5,6-dihydro-4 H-1,3-oxazine-4,4-dicarboxylate
(33k). Following General Procedure B, amide 25k (48 mg, 0.20 mmol) underwent the
palladium-catalysed cyclisation. Purification by flash column chromatography [hexane:EtOAc
2:1] afforded 33k (26 mg, 47%) as a yellow solid. R- = 0.30 [petrol:EtOAc 1:1]. m.p. 69-72
°C. IR (neat): 2958, 1744, 1722, 1649 cm~'. '"H NMR (400 MHz, CDCls): & 7.51 (dd, J= 1.8,
0.9 Hz, 1H), 6.94 (dd, J= 3.4, 0.9 Hz, 1H), 6.44 (dd, J= 3.4, 1.8 Hz, 1H), 5.45 (t, J= 1.2 Hz,
1H), 5.35 (s, 1H), 4.76 (d, J = 0.6 Hz, 2H), 3.82 (s, 6H). '3C NMR (100 MHz, CDCls): &
168.3, 150.5, 146.0, 145.1, 133.9, 116.3, 114.1, 111.4, 69.6, 68.0, 53.4. HRMS (ESI) (m/z):
calcd for C13H13NOg [M+H]* 280.0816; found 280.0805.

tert-Butyl but-3-yn-2-yl carbonate (34a). Following General Procedure C, 3-butyn-2-ol
(2.35 mL, 30.0 mmol) was reacted with di-tert-butyl dicarbonate (6.54 g, 30.0 mmol) in the
presence of DMAP (183 mg, 1.50 mmol) and EtsN (4.59 mL, 33.0 mmol) in CH>Cl, (60 mL).
Purification by flash column chromatography [petrol:EtOAc 19:1] afforded 34a (2.98 g, 58%)
as a clear oil. Rr=0.55 [petrol:EtOAc 9:1]. IR (neat): 3293, 2983, 2123, 1739 cm-'. 'H NMR
(400 MHz, CDCls): 8 5.23 (qd, J=6.7, 2.1 Hz, 1H), 2.46 (d, J=2.1 Hz, 1H), 1.52 (d, J=6.7
Hz, 3H), 1.48 (s, 9H). '*C NMR (100 MHz, CDCls): 6 152.4, 82.7, 81.8, 73.3, 62.8, 27.7,
21.2.

tert-Butyl pent-1-yn-3-yl carbonate (34b). Following General Procedure C, 1-pentyn-3-ol
(860 mL, 10.0 mmol) was reacted with di-tert-butyl dicarbonate (2.18 g, 10.0 mmol) in the
presence of DMAP (61 mg, 0.50 mmol) and EtsN (1.53 mL, 11.0 mmol) in CHxCl, (30 mL).
Purification by flash column chromatography [hexane:EtOAc 49:1] afforded 34b (0.71 g,
40%) as a clear oil. Re = 0.80 [petrol:EtOAc 9:1]. IR (neat): 3287, 2978, 2939, 2120, 1738
cm~'. '"H NMR (400 MHz, CDClz): & 5.09 (id, J = 6.6, 2.2 Hz, 1H), 2.47 (d, J= 2.1 Hz, 1H),
1.82 (pd, J=7.4, 1.0 Hz, 2H), 1.49 (s, 9H), 1.02 (t, J = 7.4 Hz, 3H). '3C NMR (100 MHz,
CDCls): 6 152.6, 82.7, 80.7, 74.0, 67.8, 27.9, 27.7, 9.2.

tert-Butyl dec-1-yn-3-yl carbonate (34c). Following General Procedure C, dec-1-yn-3-ol
(780 mg, 5.06 mmol) was reacted with di-tert-butyl dicarbonate (1.10 g, 5.06 mmol) in the
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presence of DMAP (31 mg, 0.25 mmol) and EtsN (780 mL, 5.66 mmol) in CH>Cl> (15 mL).
Purification by flash column chromatography [hexane:EtOAc 49:1] afforded 34c¢ (0.96 g,
57%) as a clear oil containing a small amount of unreacted di-tert-butyl dicarbonate. Rr =
0.65 [petrol:EtOAc 9:1]. IR (neat): 3293, 2927, 2857, 2129, 1740 cm~'. 'H NMR (400 MHz,
CDCls): 6 5.13 (td, J=6.7, 2.1 Hz, 1H), 2.46 (d, J = 2.1 Hz, 1H), 1.84-1.72 (m, 2H), 1.54-
1.39 (m, 11H), 1.35-1.18 (m, 8H), 0.86 (t, J = 6.4 Hz, 3H). '3C NMR (100 MHz, CDClz): &
152.6, 82.6, 81.0, 73.9, 66.7, 31.7, 29.0, 29.0, 27.7, 27.4, 24.8, 22.6, 14.0.

tert-Butyl 1-phenylbut-3-yn-2-yl carbonate (34d). Following General Procedure C, 1-
phenylbut-3-yn-2-ol (830 mg, 5.67 mmol) was reacted with di-tert-butyl dicarbonate (1.23 g,
5.67 mmol) in the presence of DMAP (35 mg, 0.28 mmol) and EtsN (870 mL, 6.24 mmol) in
CH2Cl> (15 mL). Purification by flash column chromatography [hexane:EtOAc 99:1] afforded
34d (0.78 g, 56%) as a clear oil. Rr = 0.79 [petrol:EtOAc 9:1]. IR (neat): 3285, 2980, 2933,
2126, 1738 cm-'. '"H NMR (400 MHz, CDCls): & 7.36-7.23 (m, 5H), 5.39 (id, J= 7.0, 2.1 Hz,
1H), 3.16 (dd, J= 13.6, 6.9 Hz, 1H), 3.09 (dd, J=13.6, 7.1 Hz, 1H), 2.51 (d, J= 2.2 Hz, 1H),
1.48 (s, 9H). 3C NMR (100 MHz, CDCls): 6 152.2, 135.3, 129.5, 128.2, 126.8, 82.5, 80.2,
74.8, 67.0, 41.0, 27.5. HRMS (APCI) (m/z): calcd for C1sH1sOs [M+Na]* 296.1148; found
296.1142.

tert-Butyl 5-(methylsulfanyl)pent-1-yn-3-yl carbonate (34e). Following General
Procedure C, 5-(methylsulfanyl)pent-1-yn-3-ol (880 mg, 6.77 mmol) was reacted with di-tert-
butyl dicarbonate (1.46 g, 6.77 mmol) in the presence of DMAP (41 mg, 0.34 mmol) and
EtsN (980 mL, 7.01 mmol) in CH2Cl> (15 mL). Purification by flash column chromatography
[hexane:EtOAc 49:1] afforded 34e (1.03 g, 66%) as a clear oil. R- = 0.75 [petrol:EtOAc 9:1].
IR (neat): 3285, 2980, 2920, 2124, 1740 cm~'. '"H NMR (400 MHz, CDCls): 8 5.26 (id, J =
6.6, 2.1 Hz, 1H), 2.60 (t, J= 7.6 Hz, 2H), 2.49 (d, J= 2.1 Hz, 1H), 2.14-1.97 (m, 5H), 1.45 (s,
9H). '3C NMR (100 MHz, CDCls): & 152.3, 82.9, 80.2, 74.6, 65.3, 34.1, 29.1, 27.6, 15.3.

tert-Butyl 5-methylhex-1-yn-3-yl carbonate (34f). Following General Procedure C, 5-
methyl-1-hexyn-3-ol (0.52 mL, 4.0 mmol) was reacted with di-tert-butyl dicarbonate (0.87 g,
4.0 mmol) in the presence of DMAP (24 mg, 0.20 mmol) and EtsN (0.61 mL, 4.4 mmol) in
CH2Cl> (30 mL). Purification by flash column chromatography [hexane:EtOAc 99:1] afforded
34f (0.48 g, 57%) as a clear oil. Re=0.70 [petrol:EtOAc 9:1]. IR (neat): 3289, 2959, 2873,
2129, 1738 cm~'. '"H NMR (400 MHz, CDCls): & 5.17 (td, J=7.3, 2.1 Hz, 1H), 2.45 (d, J=
2.1 Hz, 1H), 1.86-1.58 (m, 3H), 1.47 (s, 9H), 0.92 (d, J = 6.6 Hz, 3H), 0.91 (d, J = 6.5 Hz,
3H). '3C NMR (100 MHz, CDCls): 6 152.6, 82.6, 81.1, 73.9, 65.4, 43.4, 27.7, 24.5, 22.4,
22.1.

tert-Butyl 1-cyclohexylprop-2-yn-1-yl carbonate (34g). Following General Procedure C,
1-cyclohexylprop-2-yn-1-ol (0.42 mL, 3.0 mmol) was reacted with di-tert-butyl dicarbonate
(0.66 g, 3.0 mmol) in the presence of DMAP (18 mg, 0.15 mmol) and EtsN (0.46 mL, 3.3
mmol) in CHxCl> (15 mL). Purification by flash column chromatography [hexane:EtOAc 99:1]
afforded 34g (0.59 g, 83%) as a clear oil. Rr = 0.74 [petrol:EtOAc 9:1]. IR (neat): 3287,
2927, 2855, 2122, 1740 cm~'. '"H NMR (300 MHz, CDCls): 6 4.97 (dd, J= 6.2, 2.2 Hz, 1H),
2.45 (d, J=2.2 Hz, 1H), 1.91-1.60 (m, 6H), 1.47 (s, 9H), 1.32-1.01 (m, 5H). '3C NMR (75
MHz, CDCls): 6 152.8, 82.5, 79.9, 74.6, 71.0, 41.6, 28.4, 27.8, 27.0, 26.1, 25.6, 25.6.

tert-Butyl 4-(1-((tert-butoxycarbonyl)oxy)prop-2-yn-1-yl)piperidine-1-carboxylate (34h).
Following General Procedure C, tert-butyl 4-(1-hydroxyprop-2-yn-1-yl)piperidine-1-
carboxylate (440 mg, 1.84 mmol) was reacted with di-tert-butyl dicarbonate (410 mg, 1.84
mmol) in the presence of DMAP (11 mg, 0.090 mmol) and EtsN (0.28 mL, 2.0 mmol) in
CH2Cl> (15 mL). Purification by flash column chromatography [hexane:EtOAc 6:1] afforded
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34h (0.22 g, 35%) as a clear oil. Re = 0.75 [petrol:EtOAc 2:1]. IR (neat): 3283, 2976, 2931,
2119, 1742, 1686 cm~'. '"H NMR (400 MHz, CDCls): 6 4.99 (dd, J=6.2, 2.2 Hz, 1H), 4.23-
4.05 (m, 2H), 2.62 (it, J=13.1, 3.6 Hz, 2H), 2.47 (d, J= 2.1 Hz, 1H), 1.91-1.67 (m, 3H), 1.44
(s, 9H), 1.40 (s, 9H), 1.35-1.29 (m, 2H). '3C NMR (100 MHz, CDCls): 6 154.6, 152.5, 82.8,
79.3, 79.0, 75.2, 69.8, 43.3, 40.1, 28.3, 27.6, 27.0. HRMS (ESI) (m/z): calcd for C1gH29NOs
[M+Na]* 362.1938; found 362.1934.

tert-Butyl 1-cyclopropylprop-2-yn-1-yl carbonate (34i). Following General Procedure C,
1-cyclopropylprop-2-yn-1-ol (410 mg, 4.27 mmol) was reacted with di-tert-butyl dicarbonate
(930 mg, 4.27 mmol) in the presence of DMAP (26 mg, 0.21 mmol) and EtsN (0.65 mL, 4.7
mmol) in CHxClz (15 mL). Purification by flash column chromatography [hexane:EtOAc 49:1]
afforded 34i (0.59 g, 70%) as a clear oil containing a small amount of unreacted di-tert-butyl
dicarbonate. Rr = 0.79 [petrol:EtOAc 9:1]. IR (neat): 3291, 2981, 2935, 2123, 1736 cm~'. 'H
NMR (400 MHz, CDCls): & 5.00 (dd, J=7.0, 2.2 Hz, 1H), 2.44 (d, J = 2.2 Hz, 1H), 1.49 (s,
9H), 1.36-1.26 (m, 1H), 0.64-0.48 (m, 4H). '3C NMR (100 MHz, CDCls): & 152.6, 82.7, 78.8,
74.1,70.2,27.7,14.1, 3.5, 2.2.

tert-Butyl 4-methylpent-1-yn-3-yl carbonate (34j). Following General Procedure C, 4-
methylpent-1-yn-3-ol (810 mg, 8.25 mmol) was reacted with di-tert-butyl dicarbonate (1.80 g,
8.25 mmol) in the presence of DMAP (50 mg, 0.41 mmol) and EtsN (1.26 mL, 9.07 mmol) in
CH2Cl> (15 mL). Purification by flash column chromatography [hexane:EtOAc 99:1] afforded
34j (1.13 g, 70%) as a clear oil. R- = 0.83 [petrol:EtOAc 9:1]. IR (neat): 3293, 2980, 2935,
2134, 1742 cm~'. '"H NMR (300 MHz, CDClg): 8 5.01 (dd, J=5.8, 2.2 Hz, 1H), 2.46 (d, J =
2.2 Hz, 1H), 2.13-1.96 (m, 1H), 1.50 (s, 9H), 1.05 (d, J = 6.7 Hz, 3H), 1.01 (d, J = 6.8 Hz,
3H). '3C NMR (75 MHz, CDCls): 5 152.8, 82.7, 79.6, 74.6, 71.7, 32.3, 27.8, 18.1, 17.4.

tert-Butyl 4,4-dimethylpent-1-yn-3-yl carbonate (34k). Following General Procedure C,
4,4-dimethylpent-1-yn-3-ol (860 mg, 7.67 mmol) was reacted with di-tert-butyl dicarbonate
(1.68 g, 7.67 mmol) in the presence of DMAP (47 mg, 0.38 mmol) and EtsN (1.17 mL, 8.44
mmol) in CHxClz (15 mL). Purification by flash column chromatography [hexane:EtOAc 49:1]
afforded 34k (0.97 g, 57%) as a clear oil containing a small amount of unreacted di-tert-butyl
dicarbonate. Rr = 0.67 [petrol:EtOAc 9:1]. IR (neat): 3289, 2974, 2937, 2122, 1742 cm~'. 'H
NMR (400 MHz, CDCls):  4.91-4.88 (m, 1H), 2.43 (d, J=2.1 Hz, 1H), 1.47 (s, 9H), 1.01 (s,
9H). '®C NMR (100 MHz, CDCls): & 153.1, 82.1, 79.7, 74.6, 74.5, 27.7, 27 .4, 25.3.

tert-Butyl 1-(3,4-dimethoxyphenyl)prop-2-yn-1-yl carbonate (34p). Following General
Procedure C, 1-(3,4-dimethoxyphenyl)prop-2-yn-1-ol (730 mg, 3.78 mmol) was reacted with
di-tert-butyl dicarbonate (910 mg, 4.16 mmol) in the presence of DMAP (46 mg, 0.38 mmol)
and EtsN (660 mL, 4.73 mmol) in CH2Cl» (30 mL). Purification by flash column
chromatography [hexane:EtOAc 6:1] afforded 34p (1.05 g, 95%) as a cream solid. Rr= 0.29
[petrol:EtOAc 4:1]. m.p. 115-116 °C. IR (neat): 3295, 2988, 2963, 2126, 1734, 1593, 1508
cm~'. '"H NMR (400 MHz, CDClz): & 7.12-7.06 (m, 2H), 6.84 (d, J=8.2 Hz, 1H), 6.18 (d, J=
2.3 Hz, 1H), 3.90 (s, 3H), 3.87 (s, 3H), 2.69 (d, J = 2.3 Hz, 1H), 1.48 (s, 9H). '3C NMR (100
MHz, CDCls): 6 152.4, 149.7, 149.0, 128.7, 120.6, 110.8, 110.8, 83.1, 80.1, 75.8, 68.2, 55.9,
55.9, 27.7.

Methyl 4-(1-((tert-butoxycarbonyl)oxy)prop-2-yn-1-yl)benzoate (34s). Following General
Procedure C, methyl 4-(1-hydroxyprop-2-yn-1-yl)benzoate (740 mg, 3.89 mmol) was reacted
with di-tert-butyl dicarbonate (930 mg, 4.28 mmol) in the presence of DMAP (48 mg, 0.39
mmol) and EtsN (680 mL, 4.86 mmol) in CH2Cl> (30 mL). Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded 34s (0.99 g, 88%) as a clear oil. Rr=0.23
[petrol:EtOAc 4:1]. IR (neat): 3288, 2954, 2982, 2126, 1720 cm~'. '"H NMR (400 MHz,

23



CDCls): & 8.05 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 6.26 (d, J = 2.3 Hz, 1H), 3.91 (s,
3H), 2.71 (d, J = 2.3 Hz, 1H), 1.48 (s, 9H). '*C NMR (100 MHz, CDCls): & 166.5, 152.2,
140.9, 130.7, 129.9, 127.5, 83.5, 79.4, 76.5, 67.5, 52.2, 27.7. HRMS (ESI) (m/z): calcd for
C16H150s [2M+Na]* 603.2201; found 603.2181.

tert-Butyl 1,1-diphenylprop-2-yn-1-yl carbonate (34w). Following General Procedure C,
1,1-diphenylprop-2-yn-1-ol (1.46 g, 10.0 mmol) was reacted with di-tert-butyl dicarbonate
(2.18 g, 10.0 mmol) in the presence of DMAP (61 mg, 0.50 mmol) and EtsN (1.53 mL, 11.0
mmol) in CHxCl> (30 mL). Purification by flash column chromatography [hexane:EtOAc 99:1]
afforded 34w (1.76 g, 60%) as an orange solid. Rr = 0.53 [petrol:EtOAc 9:1]. m.p. 98-102
°C. IR (neat): 3280, 2981, 2115, 1755 cm~'. '"H NMR (400 MHz, CDCls): & 7.55 (dd, J = 8.4,
1.3 Hz, 4H), 7.33 (tt, J= 7.3, 1.6 Hz, 4H), 7.27 (it, J= 7.2, 1.4 Hz, 2H), 3.00 (s, 1H), 1.42 (s,
9H). '8C NMR (100 MHz, CDCls): & 150.7, 140.0, 128.2, 128.0, 126.1, 82.9, 82.5, 80.3, 78.0,
27.7.

Dimethyl 6-methyl-5-methylidene-2-phenyl-5,6-dihydro-4H-1,3-oxazine-4,4-
dicarboxylate (35a). Following General Procedure D, propargylic carbonate 34a (51 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded 35a (53.5 mg, 88%) as a colourless crystalline
solid. Following General Procedure F, propargylic carbonate 34a (38 mg, 0.23 mmol)
underwent the enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded 35a (41 mg, 90%). Rr = 0.38 [petrol:EtOAc
2:1]. m.p. 80-82 °C. IR (neat): 2954, 1739, 1646 cm~'. '"H NMR (400 MHz, CDCls): & 8.00 (d,
J=7.0Hz, 2H), 7.45 (t, J=7.3 Hz, 1H), 7.37 (t, J= 7.4 Hz, 2H), 5.47 (d, J = 1.0 Hz, 1H),
5.36 (s, 1H), 4.91 (q, J = 6.3 Hz, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 1.60 (d, J = 6.3 Hz, 3H). '3C
NMR (100 MHz, CDCls): 6 169.1, 168.9, 157.7, 138.7, 132.7, 131.2, 128.0, 128.0, 114.1,
71.5,71.3, 53.4, 53.2, 17.6. HRMS (ESI) (m/z): calcd for C16H17NOs [M+H]* 304.1179; found
304.1169. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, ta
(minor) = 6.2 min, s (major) = 7.3 min, 47% ee. [a]o® = +250.0 (¢ = 0.30, CHCls).

Dimethyl (benzoylamino)(buta-1,3-dien-2-yl)propanedioate (37). A tube was charged
with amide 25a (50 mg, 0.20 mmol), propargylic electrophile 34a (51 mg, 0.30 mmol),
Pdzdbas (9.2 mg, 0.010 mmol) and Xantphos (12 mg, 0.020 mmol). THF (2 mL) was added.
The tube was sealed and the mixture heated at 80 °C for 15 h. The solution was allowed to
cool to room temperature and concentrated in vacuo. Purification by flash column
chromatography [hexane:EtOAc 9:1-4:1] afforded 35a (41 mg, 68%), as well as b-hydride
eliminated product 37 (10 mg, 17%) as a sticky yellow oil. R = 0.28 [petrol:EtOAc 2:1]. IR
(neat): 3414, 2953, 1737, 1670, 1508 cm-'. '"H NMR (400 MHz, CDCls):  7.84 (dd, J = 8.4,
1.4 Hz, 2H), 7.54 (tt, J=7.4, 1.3 Hz, 1H), 7.49-7.41 (m, 3H), 6.55 (dd, J=17.3, 10.9 Hz,
1H), 5.59 (d, J=1.1 Hz, 1H), 5.45 (dd, J=17.3, 1.4 Hz, 1H), 5.36 (s, 1H), 5.11 (dd, J=10.9,
1.5 Hz, 1H), 3.84 (s, 6H). '3C NMR (100 MHz, CDCls): 6 167.4, 165.9, 141.4, 135.1, 133.2,
132.1,128.7, 127.2, 116.7, 116.3, 68.9, 53.6. HRMS (ESI) (m/z): calcd for C16H17NOs
[M+H]+ 304.1179; found 304.1169.

Dimethyl 6-ethyl-5-methylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-dicarboxylate
(35b). Following General Procedure D, propargylic carbonate 34b (55 mg, 0.30 mmol)
underwent the palladium-catalysed cyclisation. Purification by flash column chromatography
[hexane:EtOAc 3:1] afforded 35b (51.5 mg, 80%) as a brown solid. Following General
Procedure F, propargylic carbonate 34b (41 mg, 0.23 mmol) underwent the enantioselective
palladium-catalysed cyclisation. Purification by flash column chromatography [hexane:EtOAc
7:1] afforded 35b (47 mg, 98%). Rr = 0.41 [petrol:EtOAc 3:1]. m.p. 90-91 °C. IR (neat):
2953, 2849, 1738, 1645 cm~'. '"H NMR (400 MHz, CDCls): 6 8.02 (d, J = 8.1 Hz, 2H), 7.46 (1,
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J=7.3Hz, 1H), 7.39 (t, J = 7.8 Hz, 2H), 5.45 (s, 1H), 5.38 (s, 1H), 4.65 (dd, J = 8.4, 4.9 Hz,
1H), 3.85 (s, 3H), 3.82 (s, 3H), 2.00-1.80 (m, 2H), 1.15 (t, J = 7.4 Hz, 3H). '3C NMR (75
MHz, CDCl3): 6 169.1, 168.9, 157.5, 137.5, 132.9, 131.2, 128.0, 128.0, 114.8, 77.0, 71.1,
53.4, 53.2, 25.2, 9.9. HRMS (ESI) (m/z): calcd for C17H1sNOs [M+H]+ 318.1336; found
318.1331. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, ta
(minor) = 5.9 min, s (major) = 6.5 min, 44% ee. [a]p?®° = +20.0 (¢ = 0.10, CHCls).

Dimethyl 6-heptyl-5-methylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35c). Following General Procedure D, propargylic carbonate 34c (76 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 7:1] afforded 35¢ (70.5 mg, 91%) as a brown solid. Rr =
0.54 [petrol:EtOAc 3:1]. m.p. 111-112 °C. IR (neat): 2928, 2855, 1736, 1645 cm~'. '"H NMR
(400 MHz, CDClz): © 8.00 (d, J = 8.5 Hz, 2H), 7.46 (it, J=7.4, 1.3 Hz, 1H), 7.38 (it, J= 7.3,
1.3 Hz, 2H), 5.45 (d, J= 0.7 Hz, 1H), 5.37 (s, 1H), 4.71 (t, J= 7.1 Hz, 1H), 3.85 (s, 3H), 3.82
(s, 3H), 1.89-1.80 (m, 2H), 1.66 (it, J= 14.9, 6.8 Hz, 1H), 1.56-1.45 (m, 1H), 1.44-1.22 (m,
8H), 0.89 (t, J= 6.8 Hz, 3H). '3C NMR (100 MHz, CDCls): 6 169.1, 168.9, 157.6, 137.8,
132.9, 131.2, 128.1, 128.0, 114.7, 75.7, 71.2, 53.4, 53.2, 31.9, 31.8, 29.4, 29.2, 25.4, 22.6,
14.1. HRMS (ESI) (m/2): calcd for C22H29NOs [M+H]+ 388.2118; found 388.2106.

Dimethyl 6-benzyl-5-methylidene-2-phenyl-5,6-dihydro-4H-1,3-oxazine-4,4-
dicarboxylate (35d). Following General Procedure D, propargylic carbonate 34d (74 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 5:1] afforded 35d (66.5 mg, 87%) as a brown solid.
Following General Procedure F, propargylic carbonate 34d (55.5 mg, 0.23 mmol) underwent
the enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 5:1] afforded 35d (50 mg, 88%). Rr = 0.44 [petrol:EtOAc
3:1]. m.p. 123-128 °C. IR (neat): 3026, 2950, 1729, 1645 cm~'. '"H NMR (300 MHz, CDCls):
0 7.87 (dd, J= 8.4, 1.4 Hz, 2H), 7.44 (it, J=7.3, 1.4 Hz, 1H), 7.40-7.27 (m, 7H), 5.52 (s,
1H), 5.45 (s, 1H), 4.98 (ddt, J=9.4, 5.1, 1.1 Hz, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 3.26 (dd, J =
14.1, 4.3 Hz, 1H), 3.11 (dd, J = 14.1, 9.4 Hz, 1H). '3C NMR (75 MHz, CDCls): & 169.0,
168.8, 157.4, 137.4, 136.9, 132.5, 131.3, 129.4, 128.4, 128.0, 128.0, 126.8, 115.3, 76.2,
71.1, 53.4, 53.2, 38.5. HRMS (ESI) (m/z2): calcd for Co2H21NOs [M+H]* 380.1492; found
380.1495. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, ta
(major) = 8.3 min, s (minor) = 9.1 min, 8% ee. [a]o® = -2.3 (¢ = 0.44, CHCl3).

Dimethyl 5-methylidene-6-(2-(methylsulfanyl)ethyl)-2-phenyl-5,6-dihydro-4 H-1,3-
oxazine-4,4-dicarboxylate (35e). Following General Procedure D, propargylic carbonate
34e (69 mg, 0.30 mmol) underwent the palladium-catalysed cyclisation. Purification by flash
column chromatography [hexane:EtOAc 7:1] afforded 35e (58.5 mg, 80%) as a brown solid.
Re = 0.54 [petrol:EtOAc 3:1]. m.p. 99-102 °C. IR (neat): 2950, 2916, 1735, 1643 cm'. 'H
NMR (400 MHz, CDCls): & 7.99 (dd, J= 8.5, 1.4 Hz, 2H), 7.46 (tt, J= 7.1, 1.3 Hz, 1H), 7.38
(tt, J=7.4,1.7 Hz, 2H), 5.47 (dd, J= 1.5, 0.8 Hz, 1H), 5.41 (t, J= 0.9 Hz, 1H), 4.92 (tdd, J =
6.7, 2.2, 1.1 Hz, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 2.85-2.67 (m, 2H), 2.18-2.10 (m, 5H). 13C
NMR (100 MHz, CDCls): & 168.9, 168.7, 157.1, 137.1, 132.6, 131.3, 128.1, 127.9, 115.1,
74.1,70.9, 53.4, 53.3, 31.7, 29.9, 15.6. HRMS (ESI) (m/z): calcd for C1gH21NOsS [M+H]*
364.1212; found 364.1200.

Dimethyl 5-methylidene-6-(2-methylpropyl)-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35f). Following General Procedure D, propargylic carbonate 34f (64 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 6:1] afforded 35f (53 mg, 77%) as a brown solid. Following
General Procedure F, propargylic carbonate 34f (48 mg, 0.23 mmol) underwent the
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enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 6:1] afforded 35f (45.5 mg, 88%). Rr = 0.50 [petrol:EtOAC
3:1]. m.p. 104-108 °C. IR (neat): 2953, 1731, 1643 cm~'. '"H NMR (400 MHz, CDCls): & 8.00
(dd, J=8.4, 1.3 Hz, 2H), 7.45 (tt, J=7.2, 1.3 Hz, 1H), 7.38 (it, J= 7.1, 1.6 Hz, 2H), 5.45 (dd,
J=1.5,0.7 Hz, 1H), 5.36 (t, J= 0.8 Hz, 1H), 4.79 (ddt, J= 9.6, 4.4, 1.2 Hz, 1H), 3.84 (s, 3H),
3.82 (s, 3H), 2.09-1.96 (m, 1H), 1.81 (ddd, J=13.9, 9.6, 5.3 Hz, 1H), 1.63 (ddd, J=13.9,
8.8, 4.3 Hz, 1H), 1.02 (t, J = 6.6 Hz, 6H). '3C NMR (100 MHz, CDCls): 3 169.0, 168.8, 157.6,
138.1, 132.8, 131.2, 128.0, 128.0, 114.6, 73.7, 71.2, 53.4, 53.2, 40.6, 24.3, 23.4, 21.7.
HRMS (ESI) (m/z): calcd for C19H23sNOs [M+H]* 346.1649; found 346.1635. Chiral HPLC:
CHIRALCEL OJ-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, ta (major) = 7.2 min, fz (minor) =
8.4 min, 3% ee. [a]p?® = +14.6 (¢ = 0.45, CHCls).

Dimethyl 5-methylidene-6-(2-methylpropyl)-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35g). Following General Procedure D, propargylic carbonate 34g (71 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 7:1] afforded 359 (71.5 mg, 96%) as a brown solid. Rr =
0.56 [petrol:EtOAc 3:1]. m.p. 150-152 °C. IR (neat): 2924, 2851, 1738, 1643 cm~'. '"H NMR
(400 MHz, CDClz): © 8.03 (dd, J = 8.5, 1.4 Hz, 2H), 7.46 (it, J=7.3, 1.4 Hz, 1H), 7.39 (1, J =
7.3 Hz, 2H), 5.45 (s, 1H), 5.39 (d, J= 1.3 Hz, 1H), 4.42 (d, J = 8.4 Hz, 1H), 3.83 (s, 3H), 3.80
(s, 3H), 2.10-2.00 (m, 1H), 1.83-1.61 (m, 4H), 1.32-1.01 (m, 6H). 3C NMR (100 MHz,
CDCls): 6 169.0, 168.8, 157.0, 135.4, 132.9, 131.2, 128.1, 128.0, 117.1, 81.9, 70.6, 53.4,
53.2, 39.1, 29.6, 28.8, 26.2, 25.9, 25.6. HRMS (ESI) (m/z): calcd for C21H2sNOs [M+H]*
372.1805; found 372.1794.

Dimethyl 6-(1-(tert-butoxycarbonyl)piperidin-4-yl)-5-methylidene-2-phenyl-5,6-dihydro-
4H-1,3-oxazine-4,4-dicarboxylate (35h). Following General Procedure D, propargylic
carbonate 34h (101 mg, 0.300 mmol) underwent the palladium-catalysed cyclisation.
Purification by flash column chromatography [hexane:EtOAc 2:1] afforded 35h (80 mg, 85%)
as a brown solid. Following General Procedure F, propargylic carbonate 34h (76 mg, 0.23
mmol) underwent the enantioselective palladium-catalysed cyclisation. Purification by flash
column chromatography [hexane:EtOAc 2:1] afforded 35h (51 mg, 72%). Rr = 0.42
[petrol:EtOAc 2:1]. m.p. 141-146 °C. IR (neat): 2953, 2853, 1738, 1686 cm~'. '"H NMR (300
MHz, CDCls): & 8.01 (dd, J=8.4, 1.4 Hz, 2H), 7.50-7.43 (m, 1H), 7.38 (t, J= 7.3 Hz, 2H),
5.49 (s, 1H), 5.41-5.38 (m, 1H), 4.44 (d, J = 8.5 Hz, 1H), 4.27-4.01 (m, 2H), 3.82 (s, 3H),
3.80 (s, 3H), 2.62 (t, J=12.5 Hz, 2H), 1.97 (d, J = 13.6 Hz, 1H), 1.88-1.64 (m, 2H), 1.44 (s,
9H), 1.40-1.18 (m, 2H). '3C NMR (75 MHz, CDCls): & 168.7, 168.7, 156.6, 154.7, 134.7,
132.6, 131.4,128.1, 127.9, 117.7,81.1, 79.4, 70.3, 53.4, 53.3, 43.4 (br), 37.8, 28.4, 28.2.
HRMS (ESI) (m/z): calcd for C2sHzoN2O7 [M+H]* 473.2282; found 473.2266. Chiral HPLC:
CHIRALPAK AD-H, 1 mL/min, 95:5 hexane:i-PrOH, 30 °C, ta (major) = 12.7 min, fz (minor) =
14.7 min, 20% ee. [a]p?® = +58.3 (¢ = 0.31, CHCl5).

Dimethyl 6-cyclopropyl-5-methylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35i). Following General Procedure D, propargylic carbonate 34i (59 mg, 0.3
mmol) underwent the palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 7:1] afforded 35i (24 mg, 34%) as a brown solid. R = 0.51
[petrol:EtOAc 3:1]. m.p. 101-104 °C. IR (neat): 3008, 2953, 1735, 1643 cm~'. '"H NMR (400
MHz, CDCls): 6 8.02 (dd, J = 8.5, 1.4 Hz, 2H), 7.50-7.42 (m, 1H), 7.38 (t, J= 7.7 Hz, 2H),
5.78 (d, J=1.7 Hz, 1H), 5.40 (d, J= 1.1 Hz, 1H), 4.05 (dt, J= 8.6, 1.4 Hz, 1H), 3.86 (s, 3H),
3.80 (s, 3H), 1.29-1.19 (m, 1H), 0.81-0.72 (m, 2H), 0.60 (ddd, J=9.7, 4.8, 1.2 Hz, 1H),
0.53-0.46 (m, 1H). '3C NMR (100 MHz, CDCls): & 169.1, 168.9, 157.8, 137.7, 132.9, 131.2,
128.0, 128.0, 115.2, 80.0, 71.3, 53.4, 53.2, 12.5, 3.3, 2.8. HRMS (ESI) (m/z): calcd for
C1gH19NOs [M+H]* 330.1336; found 330.1325.
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Dimethyl 5-methylidene-2-phenyl-6-(propan-2-yl)-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35j). Following General Procedure D, propargylic carbonate 34j (59.5 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 5:1] afforded 35j (17 mg, 32%) as a brown solid. R = 0.51
[petrol:EtOAc 3:1]. m.p. 124-127 °C. IR (neat): 2953, 2873, 1750, 1645 cm~'. '"H NMR (400
MHz, CDCls): 6 8.04 (dd, J=8.5, 1.4 Hz, 2H), 7.47 (t, J=7.4,1.4 Hz, 1H), 7.39 (t, J=7.3
Hz, 2H), 5.46 (s, 1H), 5.43 (d, J= 1.3 Hz, 1H), 4.42 (dt, J=7.7, 1.1 Hz, 1H), 3.84 (s, 3H),
3.81 (s, 3H), 2.13-1.99 (m, 1H), 1.09 (d, J = 6.5 Hz, 3H), 1.04 (d, J = 6.7 Hz, 3H). 3C NMR
(100 MHz, CDCls): & 168.9, 168.8, 157.3, 135.8, 132.8, 131.3, 128.1, 128.0, 116.9, 82.4,
70.7, 53.4, 53.3, 29.8, 19.5, 18.2. HRMS (ESI) (m/z): calcd for C1gH21NOs [M+H]* 332.1492;
found 332.1495.

Dimethyl 6-tert-butyl-5-methylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35k). Following General Procedure F, propargylic carbonate 34k (34 mg,
0.23 mmol) underwent the enantioselective palladium-catalysed cyclisation. Purification by
flash column chromatography [hexane:EtOAc 7:1] afforded 35k (8 mg, 16%) as a brown
solid. RrF = 0.56 [petrol:EtOAc 3:1]. m.p. 132-134 °C. IR (neat): 3026, 2950, 1729, 1645 cm-
1. "H NMR (400 MHz, CDClz): & 8.06 (d, J= 7.0 Hz, 2H), 7.47 (it, J=7.2, 1.4 Hz, 1H), 7.40
(t, J=7.3 Hz, 2H), 5.57 (s, 1H), 5.51 (d, J=1.7 Hz, 1H), 4.49 (t, J= 1.1 Hz, 1H), 3.85 (s,
3H), 3.77 (s, 3H), 1.04 (s, 9H). '3C NMR (100 MHz, CDCls): & 169.5, 169.0, 157.2, 134.1,
133.2, 131.2, 128.1, 128.0, 119.7, 84.5, 71.2, 53.5, 53.3, 29.7, 26.7. HRMS (ESI) (m/z):
calcd for C1gH23NOs [M+H]* 346.1649; found 346.1635. Chiral HPLC: CHIRALPAK AD-H, 1
mL/min, 90:10 hexane:i-PrOH, 30 °C, ta (major) = 5.1 min, fz (minor) = 6.5 min, 48% ee.
[a]o?® = +92.6 (¢ = 0.03, CHCl3).

Dimethyl 5-methylidene-2,6-diphenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-dicarboxylate
(35n). Following General Procedure E, propargylic carbonate 34n (70 mg, 0.30 mmol)
underwent the palladium-catalysed cyclisation. The ratio of 35n:36n in the crude product
mixture was 8.9:1. Purification by flash column chromatography [hexane:EtOAc 9:1] afforded
an inseparable 8.5:1 mixture of 35n:36n (71 mg), corresponding to pure 35n (63.5 mg,
87%). Following General Procedure F, propargylic carbonate 34n (52 mg, 0.23 mmol)
underwent the enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded 35n (51 mg, 93%) as a sticky yellow oil. Rr =
0.54 [petrol:EtOAc 2:1]. IR (neat): 2951, 1735, 1646 cm~'. '"H NMR (400 MHz, CDCls): 6
8.07 (dd, J=8.5, 1.4 Hz, 2H), 7.48 (it, J=7.2, 1.4 Hz, 1H), 7.44-7.36 (m, 7H), 5.91 (t, J =
1.5 Hz, 1H), 5.37 (d, J= 1.3 Hz, 1H), 4.90 (d, J = 1.7 Hz, 1H), 3.88 (s, 3H), 3.79 (s, 3H). '3C
NMR (100 MHz, CDCls): 6 169.0, 168.6, 157.7, 138.6, 136.2, 132.5, 131.4, 128.7, 128.5,
128.1,128.1, 127.5, 117.7, 78.2, 71.2, 53.5, 53.1. HRMS (ESI) (m/2): calcd for C21H19NOs
[M+H]*+ 366.1336; found 366.1337. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10
hexane:i-PrOH, 30 °C, ta (minor) = 7.1 min, fz (major) = 7.9 min, 33% ee. [a]p?®° = +20.1 (c =
0.37, CHCls).

H Ph
MeO,C |l .
MeO,C SJ(Ctrans'H) =9.6 Hz
NYO J(CeisH) = 5.8 Hz
Ph
36n

(52)-Dimethyl 5-benzylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-dicarboxylate
(36n). A tube was charged with amide 25a (50 mg, 0.20 mmol), propargylic electrophile 34n
(70 mg, 0.30 mmol), Pd.dbas (9.2 mg, 0.010 mmol) and DPEphos (11 mg, 0.020 mmol).
MeCN (2 mL) was added. The tube was sealed and the mixture heated at 80 °C for 15 h.
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The solution was allowed to cool to room temperature and concentrated in vacuo. The ratio
of 35n:36n in the crude product mixture was 1:3.0. Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded an inseparable 1:3.3 mixture of 35n:36n (71.5
mg) as a clear oil, corresponding to pure 36n (55 mg, 75%). Rr = 0.54 [petrol:EtOAc 2:1]. IR
(neat): 3029, 2952, 1733, 1646 cm~'. '"H NMR (400 MHz, CDCls): & 8.00 (d, J= 7.1 Hz, 2H),
7.49-7.29 (m, 6H), 7.21 (d, J=7.1 Hz, 2H), 6.84 (s, 1H), 5.08 (d, J = 1.3 Hz, 2H), 3.89 (s,
6H). '3C NMR (100 MHz, CDClz): & 168.9, 157.6, 134.8, 132.5, 131.3, 130.2, 128.9, 128.4,
128.0, 127.9, 127.9, 127.6, 70.7, 63.3, 53.3. HRMS (ESI) (m/2): calcd for C21H1sNOs [M+H]*
366.1336; found 366.1338. A proton-selective HSQMBC NMR experiment was used to
establish the alkene geometry in 36n by virtue of trans 3J('3C-'H) alkene coupling constants
being larger than cis.3%

Dimethyl 6-(4-methoxyphenyl)-5-methylidene-2-phenyl-5,6-dihydro-4H-1,3-0xazine-4,4-
dicarboxylate (350). Following General Procedure E, propargylic carbonate 340 (79 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. The ratio of 350:360 in the crude
product mixture was 8.9:1. Purification by flash column chromatography [hexane:EtOAc 6:1]
afforded an inseparable 9.5:1 mixture of 350:360 (65 mg), corresponding to pure 350 (59
mg, 75%). Following General Procedure F, propargylic carbonate 340 (59 mg, 0.23 mmol)
underwent the enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 6:1] afforded 350 (48 mg, 81%) as a pale yellow oil. Rr =
0.58 [petrol:EtOAc 2:1]. IR (neat): 2953, 1735, 1646, 1612, 1513 cm~'. 'H NMR (400 MHz,
CDCls): 6 8.05 (dd, J=8.5, 1.4 Hz, 2H), 7.46 (it, J=7.3, 1.4 Hz, 1H), 7.38 (t, J= 7.4 Hz,
2H), 7.33 (d, J = 8.4 Hz, 2H), 6.95 (d, J = 8.9 Hz, 2H), 5.86 (s, 1H), 5.36 (d, J= 1.6 Hz, 1H),
4.90 (d, J=2.0 Hz, 1H), 3.87 (s, 3H), 3.84 (s, 3H), 3.81 (s, 3H). '*C NMR (100 MHz, CDCls):
0 169.0, 168.7, 159.9, 157.9, 138.9, 132.6, 131.3, 129.0, 128.2, 128.1, 128.0, 117.6, 113.9,
78.0. 71.3, 55.3, 53.5, 53.1. HRMS (ESI) (m/z): calcd for C22H21NOs [M+H]* 396.1442; found
396.1440. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, ta
(minor) = 9.2 min, ts (major) = 11.5 min, 19% ee. [a]p?® = +29.8 (¢ = 0.34, CHCls).

Dimethyl 6-(3,4-dimethoxyphenyl)-5-methylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-
4,4-dicarboxylate (35p). Following General Procedure E, propargylic carbonate 34p (88
mg, 0.30 mmol) underwent the palladium-catalysed cyclisation. The ratio of 35p:36p in the
crude product mixture was 4.3:1. Purification by flash column chromatography
[hexane:EtOAc 4:1] afforded an inseparable 4.9:1 mixture of 35p:36p (70 mg),
corresponding to pure 35p (58 mg, 68%). Following General Procedure F, propargylic
carbonate 34p (66 mg, 0.23 mmol) underwent the enantioselective palladium-catalysed
cyclisation. Purification by flash column chromatography [hexane:EtOAc 4:1] afforded 35p
(57 mg, 89%) as a sticky pale yellow oil. R = 0.31 [petrol:EtOAc 2:1]. IR (neat): 2954, 1735,
1646, 1512 cm~'. '"H NMR (400 MHz, CDCls): & 8.05 (dd, J= 8.5, 1.4 Hz, 2H), 7.46 (it, J=
7.2,1.4Hz, 1H), 7.38 (t, J= 7.4 Hz, 2H), 6.97 (dd, J= 8.4, 1.8 Hz, 1H), 6.91 (d, J= 8.3 Hz,
1H), 6.89 (d, J=2.0 Hz, 1H), 5.85 (s, 1H), 5.36 (d, J= 1.3 Hz, 1H), 4.93 (d, J= 1.8 Hz, 1H),
3.91 (s, 3H), 3.86 (s, 3H), 3.86 (s, 3H), 3.82 (s, 3H). '3C NMR (100 MHz, CDCls): 6 169.0,
168.7, 157.9, 149.3, 149.0, 138.7, 132.5, 131.4, 128.6, 128.1, 128.1, 120.4, 117.6, 110.9,
110.5, 78.2, 71.3, 56.0, 55.9, 53.5, 53.1. HRMS (ESI) (m/z): calcd for C23H23NO7 [M+H]*
426.1547; found 426.1543. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:/-
PrOH, 30 °C, fa (minor) = 12.1 min, &z (major) = 13.3 min, 19% ee. [a]o?° = +13.2 (¢ = 0.46,
CHCls).

Dimethyl 5-methylidene-6-(4-methylphenyl)-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35q). Following General Procedure E, propargylic carbonate 34q (74 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. The ratio of 35q:36q in the crude
product mixture was 9.4:1. Purification by flash column chromatography [hexane:EtOAc 9:1]
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afforded an inseparable 9.8:1 mixture of 35q:36q (65 mg), corresponding to pure 35q (59
mg, 78%). Following General Procedure F, propargylic carbonate 34q (55 mg, 0.22 mmol)
underwent the enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded 35q (48.5 mg, 85%) as a sticky yellow oil. Rr
= 0.67 [petrol:EtOAc 2:1]. IR (neat): 2952, 1735, 1646 cm~'. '"H NMR (400 MHz, CDCls):
8.06 (dd, J=8.5, 1.4 Hz, 2H), 7.47 (it, J=7.4, 1.3 Hz, 1H), 7.38 (t, J = 7.4 Hz, 2H), 7.30 (d,
J=8.2 Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H), 5.87 (s, 1H), 5.36 (d, J= 1.3 Hz, 1H), 4.90 (d, J =
2.2 Hz, 1H), 3.87 (s, 3H), 3.80 (s, 3H), 2.39 (s, 3H). '*C NMR (100 MHz, CDCls): & 169.0,
168.7, 157.9, 138.7, 138.6, 133.2, 132.6, 131.3, 129.2, 128.1, 128.1, 127.6, 117.6, 78.2,
71.3, 53.5, 53.1, 21.2. HRMS (ESI) (m/z): calcd for C22H21NOs [M+H]* 380.1492; found
380.1482. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, ia
(minor) = 7.3 min, s (major) = 9.6 min, 29% ee. [a]p?®° = +11.8 (¢ = 0.38, CHCls).

Dimethyl 5-methylidene-6-(2-methylphenyl)-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35r). Following General Procedure E, propargylic carbonate 34r (74 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. The ratio of 35r:36r in the crude
product mixture was 3.4:1. Purification by flash column chromatography [hexane:EtOAc 5:1]
afforded an inseparable 3.4:1 mixture of 35r:36r (63 mg), corresponding to pure 35r (49 mg,
65%). Following General Procedure F, propargylic carbonate 34r (55 mg, 0.23 mmol)
underwent the enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 6:1] afforded 35r (49 mg, 86%) as a sticky yellow oil. Rr =
0.47 [petrol:EtOAc 2:1]. IR (neat): 2952, 1735, 1646 cm~'. '"H NMR (400 MHz, CDCls): &
8.08 (d, J=7.1 Hz, 2H), 7.51-7.45 (m, 2H), 7.40 (t, J = 7.4 Hz, 2H), 7.34-7.28 (m, 2H), 7.27-
7.22 (m, 1H), 6.06 (s, 1H), 5.29 (s, 1H), 4.75 (d, J= 1.7 Hz, 1H), 3.89 (s, 3H), 3.87 (s, 3H),
2.37 (s, 3H). '3C NMR (100 MHz, CDCls): 6 169.2, 168.8, 158.1, 137.6, 136.3, 134.3, 132.5,
131.4,130.4, 128.5, 128.1, 128.1, 127.0, 126.3, 116.8, 75.5, 71.7, 53.4, 53.2, 18.8. HRMS
(ESI) (m/2): calcd for C22H21NOs [M+Na]* 402.1312; found 402.1294. Chiral HPLC:
CHIRALPAK AD-H, 1 mL/min, 95:5 hexane:i-PrOH, 30 °C, ta (minor) = 6.8 min, fz (major) =
7.4 min, 51% ee. [a]p?® = —-23.9 (¢ = 0.36, CHCls).

Dimethyl 6-(4-(methoxycarbonyl)phenyl)-5-methylidene-2-phenyl-5,6-dihydro-4H-1,3-
oxazine-4,4-dicarboxylate (35s). Following General Procedure E, propargylic carbonate
34s (87 mg, 0.30 mmol) underwent the palladium-catalysed cyclisation. The ratio of 35s:36s
in the crude product mixture was 3.7:1. Purification by flash column chromatography
[hexane:EtOAc 4:1] afforded an inseparable 3.7:1 mixture of 35s:36s (77 mg),
corresponding to pure 35s (61 mg, 72%). Following General Procedure F, propargylic
carbonate 34s (65 mg, 0.23 mmol) underwent the enantioselective palladium-catalysed
cyclisation. Purification by flash column chromatography [hexane:EtOAc 4:1] afforded 35s
(64 mg, quant.) as a pale yellow oil. Rr = 0.52 [petrol:EtOAc 2:1]. IR (neat): 2954, 1720,
1646 cm~'. "H NMR (400 MHz, CDCls): 6 8.10 (d, J = 8.7 Hz, 2H), 8.05 (d, J= 7.1 Hz, 2H),
7.52-7.45 (m, 3H), 7.39 (t, J= 7.4 Hz, 2H), 5.96 (s, 1H), 5.38 (s, 1H), 4.85 (d, J= 1.0 Hz,
1H), 3.93 (s, 3H), 3.87 (s, 3H), 3.78 (s, 3H). 3*C NMR (100 MHz, CDCls): 6 168.8, 168.4,
166.5, 157.4, 141.1, 138.1, 132.2, 131.5, 130.5, 129.8, 128.1, 128.0, 127.5, 117.8, 77.6,
71.1,53.5, 53.2, 52.2. HRMS (ESI) (m/z): calcd for C23H21NO7 [M+H]* 424.1391; found
424.1384. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, ia
(minor) = 15.7 min, s (major) = 18.7 min, 32% ee. [a]p?®° = +9.7 (c = 0.46, CHCls).

Dimethyl 6-(4-chlorophenyl)-5-methylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35t). Following General Procedure E, propargylic carbonate 34t (80 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. The ratio of 35t:36t in the crude
product mixture was 5.4:1. Purification by flash column chromatography [hexane:EtOAc 9:1]
afforded an inseparable 5.6:1 mixture of 35t:36t (75 mg), corresponding to pure 35t (64 mg,
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80%). Following General Procedure F, propargylic carbonate 34t (60 mg, 0.23 mmol)
underwent the enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 9:1] afforded 35t (52.5 mg, 88%) as a sticky yellow oil. Rr =
0.54 [petrol:EtOAc 2:1]. IR (neat): 2952, 1735, 1646 cm~'. '"H NMR (400 MHz, CDCls):
8.04 (dd, J=8.4, 1.3 Hz, 2H), 7.48 (it, J= 7.4, 1.3 Hz, 1H), 7.43-7.32 (m, 6H), 5.89 (s, 1H),
5.38 (s, 1H), 4.88 (dd, J= 1.7, 0.7 Hz, 1H), 3.87 (s, 3H), 3.80 (s, 3H). '3C NMR (100 MHz,
CDCls): 6 168.9, 168.5, 157.5, 138.3, 134.7, 134.6, 132.3, 131.5, 129.0, 128.8, 128.1, 128.0,
117.8, 77.5, 71.1, 53.5, 53.2. HRMS (ESI) (m/z): calcd for C»1H1sNOs35Cl [M+Na]*+ 422.0766;
found 422.0766. Chiral HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, fa
(minor) = 7.7 min, s (major) = 9.2 min, 34% ee. [a]p?®° = +23.6 (¢ = 0.38, CHCls).

Dimethyl 6-(4-fluorophenyl)-5-methylidene-2-phenyl-5,6-dihydro-4 H-1,3-oxazine-4,4-
dicarboxylate (35u). Following General Procedure E, propargylic carbonate 34u (75 mg,
0.30 mmol) underwent the palladium-catalysed cyclisation. The ratio of 35u:36u in the crude
product mixture was 8.0:1. Purification by flash column chromatography [hexane:EtOAc 5:1]
afforded an inseparable 8.0:1 mixture of 35u:36u (69.5 mg), corresponding to pure 35u (62
mg, 81%). Following General Procedure F, propargylic carbonate 34u (56 mg, 0.23 mmol)
underwent the enantioselective palladium-catalysed cyclisation. Purification by flash column
chromatography [hexane:EtOAc 6:1] afforded 35u (53 mg, 92%) as a pale yellow solid. Rr =
0.48 [petrol:EtOAc 2:1]. m.p. 131-133 °C. IR (neat): 2950, 1746, 1730, 1645, 1510 cm~'. 'H
NMR (400 MHz, CDCls): 6 8.04 (dd, J=8.5, 1.4 Hz, 2H), 7.47 (i, J=7.3, 1.3 Hz, 1H), 7.42-
7.36 (m, 4H), 7.12 (t, J= 8.7 Hz, 2H), 5.89 (s, 1H), 5.38 (s, 1H), 4.87 (dd, J= 1.7, 0.6 Hz,
1H), 3.87 (s, 3H), 3.81 (s, 3H). 3C NMR (100 MHz, CDCls): 6 168.9, 168.5, 162.8 (d, J =
247.7 Hz), 157.6, 138.6, 132.4, 132.0 (d, J=3.1 Hz), 131.5, 129.4 (d, J= 8.2 Hz), 128.1,
128.0,117.7,115.6 (d, J=21.6 Hz), 77.6, 71.2, 53.5, 53.2. "*F{'H} NMR (376 MHz, CDCl5):
0 —112.8. HRMS (ESI) (m/z): calcd for C21H1sNOsF [M+H]* 384.1242; found 384.1227. Chiral
HPLC: CHIRALPAK AD-H, 1 mL/min, 90:10 hexane:i-PrOH, 30 °C, fa (minor) = 7.4 min, ts
(major) = 8.0 min, 33% ee. [a]p?® = +16.7 (c = 0.42, CHCl5).
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