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1. Introduction acyliminium ion 3, which is subsequently trapped by theho-

. ) & . nucleophile in a one-pot process, driving the élgpiilm towards
The controlled synthesis of diverse heterocyclesrigial in ha formation of the desired heterocyclic prodaict

both the pharmaceutical and agrochemical industrikvel

methods that expedite their synthesis are theretdregreat 1 o2 1 o2
. . . . . fRs R R%, R! R
importance, especially those which furnish a ranfelieerse r!' r2 HO

scaffolds whose biological activity has not predlyubeen well- é/
examined. Such diversity-oriented-synthesisas attracted
T3P, NEW(EPr), NEt(l-Pr)2

widespread interest in recent years as a strateggdelerate the

discovery of new therapeutically important compounds - X =0,NR, S, CR,
In order for these methods to be widely adopted Hwy t O\‘ -0~ Ein ; 2NE‘(’ Pr)z

synthetic community, both in industry and in acai@gmaarious 0.p-0 R hix

conditions must be satisfied: the new methods mestebable, P O ‘ \7R3

operationally simple, high yielding and cruciallg lsapable of T3P N =

generating a broad range of structures without Sagmit o 4

optimisation. Our research group recently reportew such Scheme 1Direct Imine Acylation

method, based on the concept of ‘Direct Imine Acglati

(DIA).® This methodology centres on a novel way to gend¥ate

acyliminium ions and their subsequent reaction withered Diversity was initially examined both in terms of timeine 1
nucleophiles. The initial communication focused the direct —and the benzoic acid derivati@eMost notably, the methodology
coupling of a range of imined)(with ortho-substituted benzoic Was shown to be compatible with phenols, anilinesjlshand
acids 2) us|ng propy|phosph0n|c acid anhydnde ('ﬁ?,a)']d carbon pro- nUCIeOph”eS as tbetho-substituent on the benzoic
NEt(-Pr), (DIPEA) to activate the benzoic acid towards acid @ X = O, NMe, S, CH(CgMe),). Furthermore, we more
nucleophilic attack by the imine nitrogen to forimetkey N- recently disclosed preliminary results which demiaist that
acyliminium ion 3 (Scheme 1). An accompanying mechanisticDIA is also compatible with aliphatic carboxylic asfdProtected
study, in which the progress of the reaction was tocedin situ aliphatic alcohols, protected amines, thiols amdreye of carbon
by IR spectroscopy using Reacll]R shed further light on the Pro-nucleophiles can also be tethered to the catisoacid and
process. It is proposed that tieacyliminium 3 exists only react with the N-acyliminium ion using broadly similar
briefly and is trapped by excess DIPEA in the rieactixture, conditions to those described above, dramaticaltyeasing the
affording ammonium salt. This process is reversible and so thefange of heterocyclic scaffolds accessible. DIA his® ®een
extrusion of DIPEAresults in the regeneration of thg-  USed in target synthesis; the total synthesis ofliemine6*°was
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completed in high yield (95%, see later) and DIAmoelblogy  Table 2. Benzoic acid scope in DIA with imiriea®
was also used to construct the spirooxoquinolizidéenaing Bn_ Bn Bn_ Bn
system of the proposed structures of the complesnmanatural ‘ ArCO,H 2 Nu | X\ﬁ
product ‘upenamid@ (Figure 1)’ N T3P, NWR
1a DIPEA, PhMe o s
entry acylating agent| product yield
NH e \/ 5 Bn_ Bn 3
NN HO™ o HO 2 A4 0 2‘ N
N &R N iR
HO,C 3
0
] 6 © o o7 1 2aR=H 5aR=H 830p*°°
Figure 1 The structure of evodiamireand one of the proposed 2 2bR = 3-NG, 5bR = 3-NG, 89%
structures of ‘upenamidé 3 2cR =5-NGQ 5cR =5-NGQ 91%*
4 2c 5c 90%**
) ) ) 5 2dR =5-Cl 5dR = 5-Cl 96%
Herein we report extended substrate scoping studieBIA 6 2eR = 4-OMe 5eR = 4-OMe 82%
using benzoic acid derivatives. We also descrileeaibplication 7 2f R =5-OMe 5f R = 5-OMe 60%
of DIA in the total synthesis the natural product¢ayidine. 8 2gR =6-OMe 5gR =6-OMe 64%
9 2hR =4,6-OH 5h R =4,6-OH 60%
Bi Bn
HO o}
2. Results and Discussion G(
HO.C
In our initial communication, all of the DIA reactismeported . o
. i g - 10 2i 5i 95%*
were performed by simply mixing the imine, carbogyécid,
T3P and DIPEA in toluene and heating to 90 °C introases, or ‘ Bn BnO ‘
120 °C if t.I.c. analysis indicated that the reawtivas incomplete HO
after 20 h. All of the reagents were used as suppligthout O N
drying or purification, and it was not necessaryet@lude air HO,C o
from the reaction. We have since discovered th#t DI and 1 o ' ok
X X X o j 5j 92%
DCC may be used in place of T3P in the reactionminé la Bn_ Bn
with salicylic acid2a (Table 1, entries 1-3). The same reaction HO_ Ny O Ny
was also tested using EDC as the coupling reagerihisuiailed, | P N \ P
most likely because of the poor solubility of EDC toluene. HO,C
Thus, the highest yield was obtained using our oaigiT3P o oex
conditions, but it is important to note that otheupling reagents 12 2k L 9%
. . . . Bn_ Bn
can also be used, in cases where T3P is either ilataleaor HO PN
unsuitable. | h \
P N N/
Table 1 Alternative coupling reagefits HOC™ N I
j@ 13 2l 5l 63%
Bn_ Bn
é HO,C™ ™" 2a_ C( HS s
Coupllng agent :@ N
DIPEA, PhMe HO,C
o]
14 2m 5m 96%*
entry | coupling agent| yield® Bn_ BnR
RHN N
1 T3P 83% :@ Np
2 CDI 52% HO,C
3 ot % 15 2nR=M 5 RO M 97%*
4 EDC 0% nR =Me nR =Me 0
#Unless stated, reactions were performed on a @Inthol scale using 16 20R = Ph 50R = Ph 95%
imine 1a (1 equiv.), salicylic aci®a (1.2 equiv.), coupling reagent (1.5 E Bn_ BnfF
equiv.), DIPEA (1.85 equiv.) in PhMe at 90 °C férf2 E
P|solated yields after purification by column chraography. HO,C N
2
The scope of the T3P-meditated DIA conditions desdrib o .
above (Table 1, entry 1) was first tested with regarthe acid 17 2pE = COMe SpE = COMe 84%*

coupling partne® (Table 2). Note that examples reported in our;
prior communication are indicated with an asterigll #hat the
majority of the new examples led to the formation nuivel
compounds.

#Unless stated, reactions were performed on a @Inthol scale using
imine 1a (1 equiv.), benzoic acida-p (1.2 equiv.), T3P (1.5 equiv.), DIPEA
(1.85 equiv.) in PhMe at 90 °C for 20 h.

P|solated yields after purification by column chraography.

°Reaction performed in the absence of T3P gave @!d gi product.

9Reaction performed in the absence of DIPEA gaveyigld of product.

°Reaction performed on a 3 mmol scale under thelatdrconditions.




'Reaction performed at 120 °C for 20 h.
9Reaction performed in the absence of T3P gave 26kb gf product.

*entries highlighted with an asterisk were repoiitethe earlier
communication (see reference 3).

Imine la was reacted with a wide range of salicylic acid
derivatives2a—2H using the standard DIA procedure, affording
N,O-acetalba—5hin good to excellent yields (Table 2, entries 1—
9). All of these reactions were performed using tlzene
conditions with the exceptions of entries 6 anch&ath of these
cases a higher reaction temperature (120 °C) wasireglqin
order to achieve full conversion into the respeciroductsse
and5g. The initialN-acylation appears to be significantly slower
in these two examples, which is unsurprising as ttevaed
carboxylic acid is presumably less electrophiliarththe other
systems tested as a result of the presence antoposi the
electron-rich methoxy groups. Naphthalene and pyedi
derivatives2i-2| are also well tolerated, affording produbts5I
again in good to excellent yields (entries 10-Q3garly, ortho-
hydroxy aromatics are excellent substrates, butréhé strength
of the DIA procedure is its versatility, which is demstrated by
the similarly efficient reactions of thiosalicyliacid 2m and
anthranilic acids2n and 20 (entries 14-16). Perhaps most
impressively,diester2p also takes part in DIA, demonstrating
that C—C bond formation can also be achieved ig gend yield
(entry 17). Crucially, all of these examples weregqrened using
the standard reaction conditions and are unoptinise
highlighting the operational simplicity of the pess and its
significant potential for the rapid synthesis ofatise compound
libraries for biological screening.

The substrate scope with respect to the imine cosonas
next examined (Table 3). The requisite imidas-1k were either
generated as described in our previous reports, aeadable
commercially or were made via literature methdd$’The basic
procedure is clearly very broad in scope, with ayeaaf imines
compatible; DIA reactions using iminéb—1eand benzoic acids
derivatives bearingd-, S, N- and C-nucleophiles were tested,
affording a diverse range of products in moderatexcellent
yields (Table 3, entries 1-10). The yields for soofethese
reactions are lower than for those using imite but it is
important to recognise that all of these reactiamsunoptimised
and the only change made to the reaction conditiwas to
increase the temperature to 120 °C if t.l.c. anslghowed that
the reaction was incomplete under the standard tondi (90
°C). We believe that the comparative stabilitiestted products
may partially explain this variability in yield. Fexample, the
DIA of 3,4-dihydroisoquinoliné.c and acid?a proceeded in high
yield but the analogous reaction with the dimethaxyne 1d
proceeded in lower vyield (entries 4 and 7), whichyniee
explained by the increased propensity for the pcoBw to ring-
open (and thus regenerate the intermedibaeyliminium ion) as
a result of the two electron-donating groups. Greateersibility
in the cyclisation step would not only lead to arréased
reaction time, but may also lead to hydrolysis loé fproduct
during aqueous work-up and during column chromafugya
Nonetheless, significant quantities of material weotated in all
cases and indeed some of the yieldgy.(entries 2-5, 8) were
excellent and comparable with those reported ind abl

The coupling of iminelf was examined next. This imine,
which exists primarily in its trimeric form dodecalg-
4a,8a,12a-triazatripheny|eﬁejs known to oligomerise and so
must be generatdd situ. Nevertheless, it reacted with aciZis
and2n under the standard DIA conditions to form produszs
and5ab, albeit in moderate yield (entries 11 and 12). Nibegt

3

and it is significant that this comparatively ufdéaimine is
also compatible with the standard DIA procedure.

Table 3. Imine scope in DIA with benzoic acid derivati¥es

Nu
X
Y ArCOH 2 R*GN/ k
LN T3P,
1 DIPEA, PhMe O s
entry imine acid product yiel®|
Bn
B
Bn._B" anrX
e ~
N e}
1 1b 2a 50X =0 489
2 1b 2m 5rX=S 99%
3 1b 2n 55X = NMe 87%*
X
, 20
N
0
4 1c 2a 5tX=0 89%*°
5 1c 2m 5uX=S8 97%°
6 1c 2p | 5vX=CH(COMe), | 69%*
OMe
OMe
MeO MeO
X
\ 20
N
0
7 1d 2a 5wX =0 48%
8 1d 2n 5x X = NMe 87%
X
! O
o
9 le 2m Sy X=S 53%
10 le 2n 5z X = NMe 41%
X
l X
Ch
0
11 1fd 2m SaaX =S 31%
12 1f 2n 5abX = NMe 40%*
R Ts
\ Np
N
o]
13 1gR =Me 2m 5ac R = Me 80%
14 1hR =Ph 2m 5adR = Ph 0%
Ph X
Ph he
m MeN
NMe
(e}
15 1i 2m 5aeX =S 99%*
16 1i 20 5af X = NPh 68%
Ph
Ph.__Ph F’h\J(0
\ﬂ/ HN
NH
o]
17 1j 2a 5ag 60%*
Me
N
| X Np
x_N
o]
18 1k 2n 5ah 94%*

none of the imine systenka—lecan tautomerise to enamines bispjated yields after purification by column chraography

#Unless stated, reactions were performed on a @Iwmthol scale using
imines1b-1k (1 equiv.), benzoic aci#la—2p(1.2 equiv.), T3P (1.5 equiv.),
DIPEA (1.85 equiv.) in PhMe at 90 °C for 20 h.
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“Reaction performed at 120 °C for 20 h. to inhibit DNA topoisomerase'flts synthesis in 95% yield from
4Imine 1f was generated by de-oligomerisation of dodecahgdr8a,12a- two e_a5|ly ava_|lable coupling _partners highlights Iwéte
triazatriphenylenén situ potential of DIA in target synthesis.

*entries highlighted with an asterisk were reponpeeviously (see reference MeHN
3). NH NH
A . . . . = HO,C % Ne
Ketimine 1g (which also is able to tautomerise to an enamine) | ¥ o
is compatible with DIA, reacting with thiosalicylic aci2m, N "rsp DIPEA N
11
o]

generating produchac in good yield (entry 13). However, the PhMe

analogous reactions using benzoic acids substitwt#dO-, N- 90°C, 20 h evodiamine, 6, 95%

and C-nucleophiles Za, 2n, and2p, not shown in the table) did Scheme ZThe total synthesis of evodiamifie

not furnish the expected products. Inst&a@cylation took place

preferentially (presumably via the enamine tautoroérthe Additional biologically important targets are alsceiry
imine), resulting in the predominant formation of-  pursuedge.g.cavidine8, a member of a large family of alkaloids
enaminones’ The analogous reaction with phenyl substitutedknown as protoberberinéswith extremely broad biological
ketimine 1h (which cannot undergo sudacylation) was also activity."® Cavidine was first isolated from @orydalis plant in
screened but this imine did not react at all witloghlicylic acid 1964 by Taguchf and its structure was later assigned by
2m (entry 14) or indeed with any of the benzoic acidwdives  Manske!” Its synthesis has been completed previotfslyut

23, 2n or 2p (not shown in the table). This result is in linetwit nponetheless, we considered that DIA methodology would

previous studies which also found that ketiminekttaundergo expedite an efficient convergent synthesis (Sch&me
DIA with carboxylic acids bearin@-, N- or C-nucleophiles and

this is most likely because the increased stendraince around Br

the imine inhibits the requisiteN-acylation reaction. The nd o
contrasting reactivity of thiosalicylic aci@m has intriguing z 9 0/
mechanistic implications and is consistent with quevious i

work. Of the two successful DIA-type reactions of kéties that i‘,)a‘i;?“gf,'gﬂ malonate

were reported previously, both involved thiol-substituted

OMe OMe
: e . . MeO

carboxylic acids, indicating that an alternativecirenism most  MeO E E © O E E

likely operates. Thus, it seems likely that in ar#ontaining b) T3P, DIPEA

systems the nucleophilic thiol moiety attacks tr7mne carbon \ +HO . CHCl, N

first, before intramoleculaN-acylation takes placeAdditional N HO2 O thenBCls o

o—/ o o

1

support for this mechanism is found in the factt tpartial d  2q 74%, E = CO,Me 5ai
product formation (20 % yield) was observed in &atesl o ¢) LiOH+H,0
Me \

example even in the absence of T3P (Table 1, adfyy THF, H,0
d) LIAIH,, THF

A significant advantage to DIA is its ability to geat MeO
acyclic N-acyliminium ions, which are far less stable thhairt
cyclic analogues, particularly with respect to hygsis!* This e) MsCl, Pyr.
means thaN-acyliminium ion precursors are difficult to prepar N O “HNaBH,
and handle, but DIA technology overcomes this by fogrthe 95% EtOH
unstableN-acyliminium ionsin sity, and trapping them in one
pot. This is exemplified by the formation of DIA prozis 5ae— . o
5ag in good to excellent yields from commercially ampile ~ Scheme 3The total synthesis of (+)-cavidirge
acylic iminesli and1j (entries 1517). Note also that imingj is
a ketimine; N-substituted ketimines has so far proven to be ¢ pegin, commercially available bromi®ewas converted
inco.mpatible with DIA bqt pleasingl_y this substitutkdtimine  ini0 the novel dimethyl malonate derivati@ via a known
furnished N,O-acetal 5ag in good yield under standard DIA method based on the Hurtley reactidAcid 2q was then reacted
conditions at 120 °C (entry 17). with imine 1d using our standard DIA coupling conditions. We

The high yielding DIA reaction of isoquinolingk with ~ Were pleased that the DIA was successful on this mongplex
anthranilic acid2n is significant given that it proceeded despite Systém, fumishing lactaai in moderate yield (39%). Previous
the loss of aromaticity (entry 18)Unfortunately, this Studies inour group have shown that, in some céisesaddition
dearomatising DIA reaction appears not to be genets of Leyws acids to thfs crude rgactlon mixture follog_/w-
analogous reactions of isoquinolibk with acids2a, 2m, and2p acy_Iat_lon_can Iead_to improved yielignd therefore additional
under identical conditionall failed to furnish any product. Other OpPtimisation reactions were performed. The most comm
aromatic heterocycles containing C=N bonds (quinslon additive used in the DIA reactions reported to dat@s OEt,
pyridine, DMAP, pyrimidine, pyrazine, oxazole, thitgd\-Boc buF on this system it did not improve the |solayrg1d of product
imidazole and 1,3,5-triazine) were also examinedeun@lA ~ Sai (36%). However, by switching the additive to BG2
conditions at 120 °C with anthranilic ackh but no products ~€duivalents) allowed produ&i to be obtained in 69% yield at
were isolated in any case. Note that similar dearsmgt RT In ch_Ioroform. Importar_nly, the \_/vork-u_p for th|s reaction
reactions of isoquinolines have been repoteand that the Was straightforward and this result is easily repotiole. It is
degree of aromaticity in the precursor is likelyccial in the ~@lso noteworthy that no competing demethylation petel were

outcome of these reactions. observed.

Finally, the formation of the natural product ewadine 6 The synthesis was then completed using an appraessuon
from dihydrocarbolinell and anthranilic aci@n is a particularly ~ that in Cushman’s routé” Ester hydrolysis and decarboxylation
noteworthy example (Scheme 2). Evodiamine is a key'Sing LiOH in aqueous 'I_'HF foI_Iowed b_y reduction vv_lthAltﬂ &
component in various weight-loss supplements aralialinown afforded alcohollO as a single diastereoisomer following column

- MeO

6}
(4)-cavidine, 8 O~/
46% (2 steps) 10, 43% (2 steps)
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chromatographyMesylation, followed by deoxygenation with' To a solution of imine (1 mmol) and acid (1.2 mmiol)dry
NaBH, in refluxing ethandl then completed the synthesis, toluene (10 mL) was added sequentially DIPEA (1.85ofh@and
affording (x)-cavidine8, the spectral data of which were in full then T3P (1.5 mmol, 50% in THF). The resulting solu was

accord with those previously reported (Schemt'$)!%
Conclusion

A detailed substrate scoping study of the DIA readiof a

range of imines andrtho-substituted benzoic acids has been

completed. The reaction has been shown to be vergdbmn

scope, proceeds under operationally simple comditi@and
generally affords the desired product in good toe#ignt yield
without optimisation of the reaction conditions. hshould
result in DIA being used for the construction of dge
compound libraries for biological evaluation. Tiat synthesis
of (x)-cavidine was also completed; in this instatiee DIA was
low vyielding under the standard conditions, but doule
improved significantly by using a Lewis acid additivThe fact
that the coupling reagents (T3P and DIPEA) are coitipatvith

Lewis acid additives is significant as this allowslswne-pot
optimisation processes to be performed easily. Jiecess of
this example also augurs well for the similar opsiation of
other DIA reactions (especially the lower yieldinges) further
expanding its wide scope. This in turn is expecteléad to DIA
being widely used in the synthesis of other biolatlycimportant
natural product/drug targets.

3. Experimental section

heated at 90 °C or 120 °C in a sealable tube fersipecified
time, before cooling to RT and pouring into sat. ESgHCGQG (20
mL). The aqueous layer was extracted with DCM (3 %180,
concentrateéh vacuoand purified by column chromatography.

6,6-Dibenzyl-4-nitro-6,7,8,9-tetrahydro-5aH,11H-pyridd -
b][1,3]benzoxazin-11-one5b). Synthesised using the general
DIA procedure from iminela (56.1 mg, 0.213 mmol), acigb
(46.9 mg, 0.256 mmol), DIPEA (6848, 0.394 mmol) and T3P
(204 mg, 0.320 mmol) in toluene (1.5 mL) at 90 & 20 h.
Purification by column chromatography (5:1 petribiy acetate)
afforded 5b as a colourless oil (81.1 mg, 89%); R.43 (5:1
petrol:ethyl acetate)ymax (thin film)/cm™ 1647, 1589, 15086,
1449, 1311, 1275, (400 MHz, CDC}) 8.24 (1H, ddJ = 7.7,
1.7 Hz), 8.19 (1H, dd] = 8.2, 1.7 Hz), 7.34—-7.13 (11H, m, H-9),
5.31 (1H, s), 4.75-4.68 (1H, m), 3.35 (1HJds 13.4 Hz), 3.17
(1H, d,J = 13.4 Hz), 2.85 (1H, dJ = 13.4 Hz), 2.53-2.42 (2H,
m), 2.18-2.05 (1H, m), 1.68-1.59 (2H, m), 1.50-148, (M);d¢
(100 MHz, CDC}) 159.4, 150.2, 137.0, 136.4, 136.1, 133.7,
131.2, 131.0, 130.2, 128.2, 126.6, 121.0, 118.26,983.2,
42.2, 40.9, 35.6, 27.6, 19.6; HRMS (ESIFound: 429.1827;
Cy6H25N,0, (MHY) Requires: 429.1809 (4.3 ppm error).

6,6-Dibenzyl-2-chloro-6,7,8,9-tetrahydro-5aH,11H-
pyrido[2,1-b][1,3]benzoxazin-11-oné&d). Synthesised using the
general DIA procedure from iminga (66.9 mg, 0.254 mmol),

Except where stated, all reagents were purchased frofgiq2g (52.6 mg, 0.305 mmol), DIPEA (81,4, 0.470 mmol)

commercial sources and used without further putifica
Anhydrous dichloromethane and toluene were obtainaa fin
Innovative Technology Pure Solv solvent purificatisystem.
Anhydrous THF was obtained by distillation over sodiu
benzophenone ketyl immediately before use. Flashunuo
chromatography was carried out using slurry packkcasgel

and T3P (242 mg, 0.381 mmol) in toluene (1.5 mLY@&LC for
20 h. Purification by column chromatography (5:%Xrgleethyl
acetate) afforde@d as a white solid (46.7 mg, 96%); m.p. 198—
201 °C; R 0.29 (5:1 petrol:ethyl acetate);. (thin film)/cm™
1668, 1608, 1475, 1441, 1325, 1283, 7®; (400 MHz,
CDCly) 7.90 (1H, dJ = 2.7 Hz), 7.42 (1H, dd] = 8.8, 2.7 Hz),

(Si0y), 35-70um, 60 A, under light positive pressure eluting 7.34-7.20 (9H, m), 7.11-7.09 (1H, m), 7.05 (1H) ¢, 8.8 Hz),

with the specified solvent system. Thin layer chrwygeaphy
(TLC) was carried out on Merck silica gel 6gfFpre-coated
aluminium foil sheets and were visualised using UWtlie54

5.09 (1H, s), 4.68—4.62 (1H, m), 3.21-3.16 (2H, NBBZ1H, d,
J = 13.5 Hz), 2.49-2.40 (2H, m), 2.18-2.04 (1H, m), 1.6561
(2H, m), 1.42-1.31 (1H, m)sc (100 MHz, CDC}) 161.4,

nm) and stained with either basic aqueous potassiumsg 5 137.0, 136.3, 134.2, 131.0, 131.0, 128.8,1,2127.7,

permanganate or ethanolic p- anisaldehyde as apg@pH

127.3, 126.6, 126.6, 117.3, 117.2, 89.5, 42.5, 42104, 35.8,

NMR and**C NMR spectra were recorded on a Jeol ECX-400y7 6 19.5: HRMS (ES): Found: 418.1585; fH,- CINO,

NMR or Jeol ECS400 spectrometer operating 400 MHz 1061

(MH™) Requires: 418.1568 (-3.9 ppm error).

MHz, respectively, or on a Bruker DRX500 spectrometer,

operating at 500 MHz and 125 MHz, respectively. Alecpa

6,6-Dibenzyl-3-methoxy-6,7,8,9-tetrahydro-5aH,11H-

was acquired at 295 K. Chemical shifiy ére quoted in parts per Pyrido[2,1-b][1,3] benzoxazin-11-on&€). Synthesised using the

million (ppm). The multiplicity abbreviations usede: s, singlet;
d, doublet; t, triplet; g, quartet; multiplet; biroad or
combinations of these. Signal assignment was acdhidwe

general DIA procedure from iminga (31.2 mg, 0.118 mmol),
acid 2e (23.9 mg, 0.142 mmol), DIPEA (38,4, 0.219 mmol)
and T3P (113 mg, 0.178 mmol) in toluene (1.5 mL)2@ °C for

analysis of DEPT, COSY, NOESY, HMBC and HSQC 20 h. Purification by column chromatography (3:2 1:1

experiments where required. The residual solvenkpeéga 7.26

petrol:ethyl acetate~> pure ethyl acetate) affordég as a white

andd¢ 77.0 for CDC} were used as references. Infrared spectrgolid (40.0 mg, 82%); m.p. 158-162 °C; R7 (ethyl acetate);

(IR) were recorded on a ThermoNicolet IR-100 specatem
with NaCl plates as a thin film dispersed from eitke#,Cl, or

Vmax (thin film)/cm™ 1635, 1593, 1562, 1473, 1423, 1381,
1352, 1257, 11818, (400 MHz, CDCY) 7.85 (1H, d.J = 8.6

CDCl,. High Resolution Mass Spectra (HRMS) were obtained byiz), 7.34-7.19 (8H, m), 7.13-7.09 (2H, m), 6.63—-6234, (m),

University of York Mass spectrometer Service, usiogigation
(ESI) on a Bruker Daltonics, MicrOTOF spectrometdelting
points were measured on a Gallenkamp melting poiparapus
and are uncorrected. Compouridsk, 2a-o were all purchased
from Sigma-Aldrich and used as supplied. Compoutais1b®,
1C,8a 1d,8b 1e8c 1f,9 1g’8d 1h’8e 1|,8f 2p’3,22 53.3 50,3 5d,3 5i—k,3
5m® 5n,° 5p,® 55° 5t,° 5v,° 5ab?® 5ae’® 5ag® 5ah’ 6° were
prepared using literature procedures.

3.1 General procedure for the DIA reaction

5.06 (1H, s), 4.67-4.60 (1H, m), 3.90 (3H, s) 3.24932H, m),
2.89 (1H, dJ =13.7 Hz), 2.45-2.37 (2H, m), 2.16-2.03 (1H, m),
1.63-1.54 (2H, m), 1.42-1.28 (1H, nd; (100 MHz, CDC})
164.8, 163.0, 157.8, 137.5, 136.6, 131.2, 131.2,7,2128.2,
128.2, 126.6, 126.5, 109.5, 109.0, 100.2, 89.58,582.5,
41.8, 41.5, 35.9, 27.8, 19.8; HRMS (ESIFound: 414.2076;
C,7H,gNO; (MHY) Requires: 414.2064 (-0.6 ppm error).

6,6-Dibenzyl-2-methoxy-6,7,8,9-tetrahydro-5aH,11H-
pyrido[2,1-b][1,3] benzoxazin-11-on&f). Synthesised using the
general DIA procedure from iminga (37.0 mg, 0.141 mmol),
acid 2f (28.4 mg, 0.169 mmol), DIPEA (45,8, 0.261 mmol)
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and T3P (135 mg, 0.212 mmol) in toluene (1.4 mL9@&EC for
20 h. Purification by column chromatography (4:Xrgleethyl
acetate) afforde®f as a colourless solid (35.0 mg, 60%); m.p.
108-109 °C; R0.7 (ethyl acetateNmax (thin film)/cm™ 1641,
1471, 1447, 1431, 1413, 1375, 1309, 1264, 1193; §9@00
MHz, CDCk) 7.41 (1H, dJ = 2.6 Hz), 7.33-7.16 (8H, m), 7.11—
7.02 (4H, m), 5.01 (1H, s), 4.67-4.60 (1H, m), 3.84,(8) 3.22—
3.18 (2H, m), 2.92 (1H, d) = 13.9 Hz), 2.48-2.40 (2H, m),
2.17-2.05 (1H, m), 1.66-1.55 (2H, m), 1.38-1.28 (1H, dp
(100 MHz, CDC}) 163.1, 154.6, 150.2, 137.3, 136.5, 131.1,
131.0, 128.1, 126.4, 126.4, 122.4, 116.9, 116.9,.9,089.1,
55.9, 42.2, 41.9, 41.5, 35.9, 27.6, 19.5; HRMS {ESfound:
414.2074; GH,eNO; (MH") Requires: 414.2064 (-2.8 ppm
error).

6,6-Dibenzyl-1-methoxy-6,7,8,9-tetrahydro-5aH,11H-
pyrido[2,1-b][1,3] benzoxazin-11-one5¢). Synthesised using
the general DIA procedure from iminka (50.1 mg, 0.190
mmol), acid2g (38.3 mg, 0.228 mmol), DIPEA (61,8, 0.352
mmol) and T3P (182 mg, 0.286 mmol) in toluene (hl5 at 120
°C for 20 h. Purification by column chromatogragByL — 1:1
petrol:ethyl acetate> pure ethyl acetate ) affordéd as a white
solid (51.0 mg, 64%); m.p. 186-187 °C; R.29 (1:1 ethyl
acetate)vmax (thin film)/cm'1 1641, 1581, 1560, 1457, 1432,
1248, 10905, (400 MHz, CDC}) 7.37 (1H, dd,]J = 8.3, 8.3 Hz),
7.03-7.14 (8H, m), 7.10-7.05 (2H, m), 6.72 (1HJ& 8.3 Hz),
6.60 (1H, d,J = 8.3 Hz), 4.95 (1H, s), 4.67—4.60 (1H, m), 3.91
(3H, s) 3.23 (1H, dJ = 13.8 Hz), 3.19 (1H, d] = 13.4 Hz), 2.90
(1H, d,J = 13.8 Hz), 2.47-2.37 (2H, m), 2.17-2.04 (1H, m),
1.65-1.53 (2H, m), 1.35-1.24 (1H, nd; (100 MHz, CDC})
162.1, 160.7, 158.3, 137.5, 136.6, 134.3, 131.8,1,2126.4,
126.3, 108.4, 109.5, 105.4, 88.4, 56.3, 42.0, 44154, 36.0,
27.5, 19.6; HRMS (ES): Found: 414.2075; GH,gNO,
(MH™) Requires: 414.2064 (-2.8 ppm error).

6,6-Dibenzyl-1,3-dihydroxy-6,7,8,9-tetrahydro-5aH,11H-

pyrido[2,1 b][1,3] benzoxazin-11-one5lf). Synthesised using
the general DIA procedure from iminka (41.3 mg, 0.157
mmol), acid2h (35.7 mg, 0.188 mmol), DIPEA (50,8, 0.290
mmol) and T3P (151 mg, 0.235 mmol) in toluene ¢hl5 at 90
°C for 20 h. Purification by column chromatogragByl — 2:1
petrol:ethyl acetate) affordésh as a white solid (39.0 mg, 60%);
m.p. 135-136 °C; R0.57 (1:1 petrol:ethyl acetate);,.x (thin

Tetrahedron

2.55-2.42 (2H, m), 2.17-2.04 (1H, m), 1.64-1.56 (2}, I¥2—

1.32 (1H, m);5c (100 MHz, CDC}) 161.3, 153.6, 144.5,
136.9, 136.3, 133.7, 131.1, 131.1, 128.4, 128.8,3,2126.8,

126.7, 124.3, 89.9, 42.7, 42.5, 41.5, 35.9, 27B61HRMS

(ESI): Found: 385.1906; £H,sN,O, (MH") Requires:

385.1911 (1.1 ppm error).

6,6-Dibenzyl-5-phenyl-5,5a,6,7,8,9-hexahydro-11H-
pyrido[2,1-b]quinazolin-11-one 50). Synthesised using the
general DIA procedure from iminga (38.0 mg, 0.144 mmol),
acid 20 (36.9 mg, 0.173 mmol), DIPEA (4644, 0.266 mmol)
and T3P (137 mg, 0.216 mmol) in toluene (1.4 mLY@&LC for
20 h. Purification by column chromatography (2:%Xrglesthyl
acetate) affordedo as a white solid (63.0 mg, 95%); R.59
(ethyl acetate); m.p. 177-178 °G. (thin film)/cm™ 1625,
1579, 1469, 1451, 1431, 1410, 1362, 1280, 1198, 639;d,
(400 MHz, CDC}) 8.05 (1H, ddJ) = 7.7, 1.5 Hz), 7.62—7.57 (2H,
m), 7.52-7.46 (2H, m), 7.40-7.20 (5H, m), 7.13-6.28,(m),
6.35 (2H, dJ = 7.3 Hz), 5.21 (1H, s), 4.94 (1H, ddi= 12.7,
2.1, 2.1 Hz), 3.27 (1H, d,= 13.9 Hz), 3.02 (1H, d] = 13.2 Hz),
2.58 (1H, dJ =13.2 Hz), 2.52 (1H, dddl = 12.7, 12.7, 3.0 Hz),
2.52 (1H, dJ = 13.9 Hz) 2.15-2.04 (1H, m), 1.62-1.55 (1H, m),
1.51-1.44 (1H, m), 1.19-1.09 (1H, nd; (100 MHz, CDC})
162.4, 151.2, 147.8, 137.5, 137.3, 133.2, 131.4,1,3130.1,
128.9, 128.4, 128.1, 127.9, 127.0, 126.4, 126.1,8,2119.8,
119.7, 81.4, 47.9, 45.1, 38.5, 36.6, 30.9, 21.4MIR(ESI):
Found: 459.2436; £H3;,N,O (MH") Requires: 459.2431 (-1.2
ppm error).

3,3-Dibenzyl-1,2,3,3a-tetrahydro-9H-pyrrolo[2,1-

b][1,3]benzoxazin-9-one 5¢). Synthesised using general the
DIA procedure from iminelb (33.2 mg, 0.133 mmol), acigla
(22.1 mg, 0.160 mmol), DIPEA (4248, 0.246 mmol) and T3P
(127 mg, 0.200 mmol) in toluene (1.5 mL) at 120fd€ 20 h.
Purification by column chromatography (3:1 petribily acetate)
afforded 5q as a yellow oil (23.7 mg, 48%).;R0.27 (2:1
petrol:ethyl acetate)ymay (thin film)/cm™ 2980, 1647, 1587,
1446, 1412, 1329, 1195, 1083, 1059, 69R; (400 MHz,
CDCly) 7.85 (1H, ddJ = 7.7, 1.7 Hz), 7.40 (1H, dddJj = 8.2,
7.4, 1.7 Hz), 7.28-7.13 (8H, m), 7.07-7.00 (4H, m2151H,
s), 3.49-3.37 (2H, m), 2.95 (1H, 8= 14.1), 2.96 (1H, dJ =
13.8 Hz), 2.89 (1H, d) = 14.1 Hz), 2.73 (1H, d] = 13.8 Hz),
1.81 (1H, dddJ = 13.3, 6.7, 1.4 Hz), 1.62-1.56 (1H, r6y;(100

film)/cm™ 3269, 1619, 1589, 1491, 1471, 1441, 1293, 1257MHz, CDCL) 161.3, 157.2, 137.4, 136.4, 134.0, 131.0, 130.9,

1137;5, (400 MHz, CDC}) 12.10 (1H, br s), 7.35-7.20 (8H, m),
7.10-7.06 (2H, m), 6.09 (1H, d= 2.0 Hz), 6.01 (1H, dJ=2.0
Hz), 5.48 (1H, br s), 4.96 (1H, s), 4.55-4.47 (1H, &}8 (1H,
d,J=13.7 Hz), 3.17 (1H, d] = 13.4 Hz), 2.90 (1H, d] = 13.7
Hz), 2.46-2.37 (2H, m), 2.15-2.05 (1H, m), 1.67-123,(m),
1.37-1.22 (1H, m)3; (100 MHz, CDC}) 167.0, 162.8, 162.8,
157.5, 137.0, 136.3, 131.0, 128.2, 128.2, 126.6,.3,297.2,
95.2, 93.8, 88.9, 42.1, 41.4, 41.1, 35.7, 27.441HRMS
(ESI): Found: 416.1847; £H,,NO, (MH") Requires:
416.1856 (2.3 ppm error).

6,6-Dibenzyl-6,7,8,9-tetrahydro-5aH,11H-dipyrido[2,1-

b:2',3'-€e][1,3]oxazin-11-one §). Synthesised using the general
DIA procedure from imin€la (43.0 mg, 0.163 mmol), acil
(27.2 mg, 0.196 mmol), DIPEA (5248., 0.302 mmol) and T3P
(156 mg, 0.245 mmol) in toluene (1.5 mL) at 90 & 20 h.
Purification by column chromatography (3:3 petrol:ethyl
acetate— pure ethyl acetate—> ethyl acetate, 10% MeOH)
afforded 51 as an orange oil (39.1 mg, 63%); R.23 (ethyl
acetate)vmax (thin film)/cm'1 1654, 1450, 1415, 1382, 1314,
1228, 718;0, (400 MHz, CDC}) 8.47-8.43 (1H, m), 7.49-7.40
(2H, m), 7.34-7.19 (8H, m) 7.12-7.06 (2H, m), 5.19 (M,
4.80-4.73 (1H, m), 3.25-3.17 (2H, m), 2.86 (1H] &,13.7 Hz),

128.4, 128.4, 127.9, 126.8, 126.8, 122.7, 119.%,.7,190.5,
48.0, 40.8, 40.2, 37.9, 26.4; HRMS (ESIFound: 370.1792;
C,sH24NO, (MH™) Requires: 370.1802 (2.7 ppm error).

3,3-Dibenzyl-1,2,3,3a-tetrahydro-9H-pyrrolo[2,1-
b][1,3]benzothiazin-9-one 5f). Synthesised using general the
DIA procedure from iminelb (49.5 mg, 0.199 mmol), aciam
(36.7 mg, 0.238 mmol), DIPEA (6440, 0.367 mmol) and T3P
(189 mg, 0.298 mmol) in toluene (1.5 mL) at 90 & 20 h.
Purification by column chromatography (5:1 petribly acetate)
afforded 5r as a white solid (66.4 mg, 87%) F0.80 (3:1
petrol:ethyl acetate)ymay (thin film)/cm™ 2874, 1620, 1567,
1424, 1387, 732, 694, (400 MHz, CDC}) 8.00 (1H,dJ=7.7
Hz), 7.32-7.25 (5H, m), 7.20-7.13 (7H, m), 6.98 (1H] d 8.0
Hz), 4.91 (1H, s), 3.77-3.72 (1H, m), 3.67-3.60 (1H, &)0
(1H, d,J = 13.6 Hz), 2.83 (1H, d] = 14.0 Hz), 2.78 (1H, d] =
14.0 Hz), 2.77 (1H, dJ = 13.6 Hz), 1.78 (1H, ddd,= 12.3, 5.8,
0.9 Hz), 1.51-1.42 (1H, mj: (100 MHz, CDC}) 163.4, 137.1,
135.8, 134.8, 131.8, 130.9, 130.6, 129.9, 129.8,4,2127.7,
126.9, 126.8, 126.0, 65.8, 49.8, 44.1, 41.1, 3274]1; HRMS
(ESI: Found: 386.1574; £H,,NOS (MH) Requires:
386.1573 (-0.2 ppm error).
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13a-Methyl-5, 13a-dihydro-6H, 8H-isoquinolino[1,2- 116.3," 73.4, 44.2, 27.6, 26.4; HRMS (BSI| Found:
b][1,3]benzothiazin-8-one 51). Synthesised using the general 282.0958; GH;cNOS (MH™) Requires: 282.0947 (-3.8 ppm

DIA procedure from iminelc (37.7 mg, 0.287 mmol), acigm error).

(53.2 mg, 0.345 mmol), DIPEA (928, 0.532 mmol) and T3P g ¢ ¢ 154 6-dihydroindolo[2,1-b]quinazoli2(5H)-

(274 mg, 0.431 mmol) in toluene (1.5 mL) at 120eC 20 h. one 62). Synthesised using the general DIA procedure from
Purification by column chromatography (4:1 petribily acetate) imine 1e (31.8 mg, 0.219 mmol), acieh (39.7 mg, 0.263 mmol),

; . 0 )
ggfrgdlee‘:hi,‘f ::etztgv)y'te éﬁ'i'r? f(irr;")jlcrrr??’ 122 f).flgg.go 1(6% DIPEA (70.6uL, 0.405 mmol) and T3P (210 mg, 0.329 mmol) in
' max y ' " toluene (1.5 mL) at 90 °C for 20 h. Purification bglumn

1579, 1434, 1358, 1290, 1216, 1126, 73}; (400 MHz, . )
CDC) 8.19 (1H, ddd) = 7.7, 1.5, 0.6 Hz), 7.44—7.24 (7H, m), chromatography (19:1 petrol:ethyl acetate) affordedas a

N R colourless oil (25.0 mg, 41%); R.64 (5:2 petrol:ethyl acetate);
?1'2H4 (nf;"Ss)&l%gsM“JZg ggdr;),m?fg :’i;?l ézqémpgfégfg Ve (thin film)/cm™ 2924, 1636, 15577, 1461, 1435, 1409,
1312, 130.8, 129.1, 128.9, 128.6, 127.7, 127.3,02126.3, -390, 74133, (400 MHz, CDCJ) 8.35 (1H, dd) = 8.0, 1.1 Hz),
607 407 206, HRMS (ESI Found: 268.0611; 810 (LM, ddJ = 7.8 17 Hz), 7.45 (1H, ddd.= 8.4, 73, 1.7

A . Hz), 7.31-7.27 (1H, m), 7.21 (1H, dii= 7.5, 1.4 Hz), 7.13 (1H,
C1eH1NNaOS (MN&) Requires: 290.0610 (~0.2 ppm error). ddt)j 75,75 1.(1 Hz) )6.96 (1(H ddb= 7.8, 7.3 0.)8 Hz) 55.88

2,3-Dimethoxy-5,13a-dihydro-6H,8H-isoquinolino[1,2- (1H, d,J = 8.4 Hz), 4.98 (1H, s), 3.02 (3H, s), 1.70 (3H, s)41.3
b][1,3]benzoxazin-8-one 5(v). Synthesised using the general (3H, s); ¢ (100 MHz, CDC}) 160.9, 149.5, 139.0, 138.8,
DIA procedure from imineld (66.6 mg, 0.348 mmol), acigla 134.0, 128.6, 128.2, 124.5, 121.6, 119.3, 116.8,8,1112.4,
(57.7 mg, 0.418 mmol), DIPEA (112, 0.644 mmol) and T3P 85.2, 46.0, 34.8, 26.0, 23.3; HRMS (ESIFound: 279.1492;
(332 mg, 0.522 mmol) in toluene (1.5 mL) at 90 & 20 h.  C;gH;N,0O (MH™) Requires: 279.1492 (-0.1 ppm error).

Purification by column chromatography (1:1 petribily acetate) 6,7,8,9-Tetrahydro-8d, 1 1H-pyrido[2, 1-6][1,3]benzothiazin-

afforded 5w as a white solid (51.6 mg, 48%); R.33 (ethyl 23 : 4
A -1 11-one Baa).” Synthesised using the general DIA procedure
acetate)vmax (thin film)/cm™ 1641, 1587, 1494, 1446, 1394, from imine 1f (47.3 mg, 0.190 mmol), acim (105 mg, 0.683

1247, 1209, 1095, (40_0 MHz, CDCY) 8.03 (1H, dd) 7'?’ mmol), DIPEA (184uL, 0.510 mmol) and T3P (544 mg, 0.854
1.7 Hz), 7.48 (1H, ddd] = 8.2, 7.3, 1.7 Hz), 7.16 (1H, ddti= ) S .
_ mmol) in toluene (2 mL) at 90 °C for 20 h. Purificm by
7.8, 7.3, 0.5 Hz), 7.08 (1H, dd,= 8.2, 0.5 Hz), 7.03 (1H, s), - :
— column chromatography (5:0.5:0.5 petrol:ethyl ameGH,CI,)
6.71 (1H, s), 6.23 (1H, s) 4.58 (1H, ddd>= 12.8, 4.8, 3.5 Hz), . ;
3.95 (3H, s), 3.92 (3H, 5), 3.33 (1H, ddc: 12.8, 11.3, 3.5 Hz) afforded 5aa as a white solid (39.0 mg, 31%); R0.76 (ethyl
' e A ST e ' acetate); m.p. 52-54 °C (literature 53.5-54.5 *Ey;uy (thin

2'253(15%;%‘1'](focl)sl\'/lfjlglzllg’béﬁ 1H62%1271757(1: 1d5%ﬁg 11542’ 4 film)lem—1 3062, 2939, 2858, 1635, 1440, 1275, 1204, 920, 742;
e c ’ 2 O s, (400 MHz, CDCJ) 8.16 (1H, ddJ] = 7.7, 1.2 Hz), 7.35 (1H,

134.2, 129.1, 1287, 1228, 1224, 1188, 116801106, 3 400 Uz EPG 8.0 (10, €09 = 11 1.2 ), 7.35 (1

84.2, 56.2, 56.1, 38.4, 28.1; HRMS (ESIFound: 334.1058;

C.aH-NNaO, (MNa') Requires: 334.1050 (-2.6 ppm error).  /-18 (1H, ddJ=7.7,1.2 Hz), 4.83 (1H, dd, = 10.8, 3.8 Hz),
4.50-4.59 (1H, m), 2.98 (1H, ddd= 13.5, 11.8, 4.0 Hz), 2.10—

2,3-Dimethoxy-13-methyl-5,6,13,13a-tetrahydro-8H- 2.01 (1H, m), 2.01-1.88 (2H, m), 1.87-1.75 (1H), 11749 (2H,
isoquinolino[1,2-b]quinazolin-8-one5k). Synthesised using the m); & (100 MHz, CDCI3); 164.7, 134.8, 131.9, 130.6, 127.7,
general DIA procedure from iminkd (76.9 mg, 0.402 mmol), 126.4, 125.8, 59.0, 44.5, 31.9, 23.7, 23.1; HRMSI(E%ound:
acid 2n (73.0 mg, 0.483 mmol), DIPEA (136, 0.744 mmol) 220.0792; GH;,NOS (MH’) Requires: 220.0791 (-0.8 ppm
and T3P (384 mg, 0.603 mmol) in toluene (1.5 mLY@LC for  error)?

20 h. Purification by column chromatography (1:%rgleethyl 5,13a-Dihydro-6H,8H-isogquinolino[1,2-b][1,3]benzothiaei

acetate) affordedx as a colourlessi oil (114 mg, 87%) ®54 8-one Bac). Synthesised using the general DIA procedure from
(ethyl acetate)ynmax (thin film)/cm = 1625, 1583, 1492, 1446, imine 1g (40.0 mg, 0.275 mmol), aci@m (51.0 mg, 0.330

1401, 1342, 1318, 1241, 1215, 1094, 1001, B4§400 MHz, mmol), DIPEA (88.7uL, 0.510 mmol) and T3P (263 mg, 0.413

CDCly) 8.07-8.04 (1H, m), 7.47-7.42 (1H, m), 7.13-7.09,(2 . J S
m) 63237 (1H, s) 6(67 (1|_)| s), 5.66 (1I(-| m) ZBHI (#dd, J :( mmol) in toluene (1.5 mL) at 120 °C for 20 h. Pigation by
12’8 '5 0 27’ Hz,) .389 (3|'_| S’) 588 (3|l| s), 3' 2D,3111H, m) column chromatography (5:1 petrol:ethyl acetat&rded5acas

2.95-2.87 (1H, m), 2.78-2.71 (1H, m), 2.47 (3H, &)}(100 an orange oil (58.5 mg, 80%); R.34 (5:1 petrol:ethyl acetate);

MHz, CDC) 164.6, 151.2, 149.1, 148.3, 133.0, 129.7, 128.9Vmex (thin film)/cm™ 2879, 1657, 1618, 1609, 1564, 1422,
1237, 122.9, 122.8, 121.0, 111.0, 110.8, 71.32,566.0, 306, 1332, 1275, 1231, 738; (400 MHz, CDCY) 8.15 (1H,

391, 360, 283 HRMS (E§I Found: 347.1361: ddd,J = 7.8, 1.5, 0.5 Hz), 7.42 (1H, dd,= 7.8, 1.6 Hz), 7.35
CaHiN,NaO; (MNa') Requires: 347.1366 (1.6 ppm error) (1H, ddd,J = 7.7, 7.7, 1.6 Hz), 7.30-7.15 (5H, m), 5.04 (1H,
197212 ; ' ' " ddd, 12.6, 9.7, 1.9 Hz), 3.03 (1H, ddi= 15.4, 12.6, 9.7 Hz),
6,6-Dimethyl-5a,6-dihydro-12H-indolo[2,1- 2.93 (1H, ddd)J = 12.6, 12.6, 2.8 Hz), 2.86 (1H, ddil= 15.4,

b][1,3]benzothiazin-12-one5f). Synthesised using the general 2.8, 1.9 Hz), 1.91 (3H, s§c (100 MHz, CDC}) 163.6, 135.8,
DIA procedure from iminele (38.8 mg, 0.267 mmol), acigm 135.4, 134.8, 132.1, 130.9, 129.4, 128.2, 128.7,3,2127.1,
(49.4 mg, 0.321 mmol), DIPEA (86yi., 0.494 mmol) and T3P 126.2, 126.1, 65.9, 37.3, 29.7, 28.5; HRMS (BESFound:
(255 mg, 0.401 mmol) in toluene (1.5 mL) at 90 ¥ 20 h. 304.0766; GH;sNNaOS (MN4&) Requires: 304.0767 (0.3
Purification by column chromatography (19:1 pettlyl ppm error).

. oy
?fﬁta;i)trﬁfg{ﬁaaéfjt:t:)ov'moa‘:”gf"sno']filrf;?c';f?géé’feg/f’)’fg;g 3-Methyl-1,2-diphenyl-2,3-dihydroquinazolin-4(LH)eon

5af). Synthesised using the general DIA procedure fronmémi
1572, 1457, 1369, 1310, 1269, 1143, 1078, 400 MHz, (. .
CDCL) 8.35 (1H, ddd] = 8.1, 1.0, 0.6 Hz), 8.2-238& ddl = 1i (24.6 pL, 0.200 mmol), acid2o (51.2 mg, 0.240 mmol),

B DIPEA (64.5uL, 0.370 mmol) and T3P (191 mg, 0.300 mmol) in
ggl-}z? $'§4H(Zl)|’_| 7dffjffj 7718 §4A|:I’1ml)’ljjl!s(il;'&nj’;')&ll';g toluene (2.0 mL) at 90 °C for 20 h. Purification bglumn
(3;H ) '1 ;15 (3H ,S)‘Sc (’106 MHz CSDCJ;) 162 1 14(’) > ,13.8 5 chromatography (4:1 petrol:ethyl acetate) afforfiaflas a white

solid (43.0 mg, 68%). m.p. 220-223 °G; ®R57 (ethyl acetate);
135.1, 132.1, 130.4, 130.4, 128.3, 127.8, 126.4,6,2121.8, Viay (thin film)/icm™ 1625, 1581, 1471, 1373, 1279, 1238,
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1207; &4 (400 MHz, CDC}) 8.02 (1H, dd,J = 7.9, 1.2 Hz),
7.37-7.24 (8H, m), 7.19-7.13 (3H, m), 6.96 (1H, diid, 7.9,
7.9, 1.1 Hz), 6.85 (1H, dd] = 8.2, 1.1 Hz), 5.96 (1H, s), 3.18
(3H, s); 8¢ (100 MHz, CDC}) 162.8, 146.1, 143.9, 139.3,
133.0, 129.8, 128.9, 128.8, 128.6, 126.5, 124.8,3,2121.3,
120.5, 118.8, 80.0, 34.3; HRMS (EBI Found: 315.1493;
C,1H1gN,O (MH™) Requires: 315.1492 (0.5 ppm error).

5-(1,3-Dimethoxy-1,3-dioxopropan-2-yl)-1,3-benzodiex®
carboxylic acid 2g). Sodium hydride (60 % in mineral oil, 419
mg, 10.5 mmol) was added portionwise to a rapidiyesti cold
suspension (0 °C) of 5-bromobenzo[1,3]dioxole-doaylic
acid 9 (1.00 g, 4.37 mmol), cuprous bromide (62.6 mg, 0.43
mmol) and dimethyl malonate (17.3 mL). After the iéidd of
the sodium hydride had been completed, the mixttae stirred
for 10 min at r.t and then for 20 h at 70 °C. Thespension,
which had turned to a solid mass, was dissolved iren&0
mL), washed with ether (3 x 80 mL) and then acidifigth 10%
HCI. The acidic aqueous layer, was extracted withledhgtate
(3 x 100 mL), and the organic extracts were driedrdigSQ
and concentrated in vacuo Purification by column
chromatography (5:1- pure ethyl acetate) afforde2y as a
colourless solid (1.01 g, 74%); B.1 (1:1 petrol:ethyl acetate);
m.p. 88-93 °Cimax (thin film)/cm™ 2912, 2877, 1704, 1688,
1456, 1431, 1216, 1137, 1039, 1048g;(400 MHz, CDC}) 6.95
(1H, d, J = 8.2 Hz), 6.88 (1H, d, J = 8.2 Hz), 6.11 (8K, 5.53
(1H, s), 3.76 (6H, s)¥¢ (100 MHz, CDC}) 169.2, 149.7, 148.5,
127.1, 123.9, 111.9, 107.3, 102.5, 100.0, 54.20;5BIRMS
(ESI+): Found: 319.0424; @,,NaQ, (MNa") Requires:
319.0424 (0.2 ppm error).

Dimethyl 8,9-dimethoxy-14-0x0-11,12-dihydro-6aH-
[1,3]dioxolo[4,5-h]isoquino  [2,1-b]  isoquinoline-6(14H)-
dicarboxylate %ai). To a solution of imineld (484 mg, 2.53
mmol), and aci®q (900 mg, 3.04 mmol) in chloroform (25 mL)
was added sequentially DIPEA (0.815 mL, 4.68 mmot) &3P
(2.42 g, 3.80 mmol, 50% solution in THF). The réisgl solution
was stirred for 20 min at r.t. before BE6.10 mL, 5.10 mmol,
1.0 M solution in DCM) was added. The resulting dolutwas
stirred at r.t. for 20 h before it was poured iné. &g. NaHCQ
(100 mL). The aqueous layer was extracted with DCM (30
mL), dried over MgSQ concentratedn vacuoand purified by
column chromatography (1:3% 1:2 petrol:ethyl acetate) to
afford 5ai as a yellow solid (819 mg, 69%); R5 (ethyl acetate);
m.p. 152-156 °Cyvmay (thin film)/cm'1 2908, 1707, 1626,
1588, 1494, 1440, 1412, 1103, 1029, 71);(400 MHz,
CDCl) 6.91 (1H, dJ = 8.1 Hz), 6.81 (1H, s), 6.69 (1H, s), 6.54
(1H, d,J = 8.1 Hz), 6.22 (1H, d) = 1.3 Hz), 6.10 (1H, d, 1.3
Hz), 5.58 (1H, s), 4.85-4.78 (1H, m), 3.88 (3H, s)733H, s),
3.80 (3H, s), 3.51 (3H, s), 2.92-2.87 (2H, m), 2.6841H,
m); 3¢ (100 MHz, CDC}) 170.1, 167.0, 162.0, 149.0, 148.3,
148.2, 147.1, 131.6, 130.3, 123.1, 120.1, 112.2,1,1110.9,
110.7, 102.7, 65.9, 61.2, 55.9, 55.7, 53.0, 5293328.9;
HRMS (ESI): Found: 470.1454; GH,,NO, (MH™) Requires:
470.1446 (-1.7 ppm error).

(3-cis-2,3-Dimethoxy-8-0x0-9,10-(methylenedioxy)13-
(hydroxymethyl) tetrahydro protoberberind0f. To a round
bottom flask containing diesté&ai (106.5 mg, 0.227 mmol) in
THF (0.7 mL), lithium hydroxide monohydrade (28.,n9.681
mmol) in water (0.7 mL) was added at r.t. The reactitxture
was stirred for 16 h at 90 °C. The solution was didutvith water
(10 mL), washed with DCM (10 mL) and then acidified hwit
10% aq. HCI. The acidic aqueous layer was then exawith
ethyl acetate (3 x 20 mL), and the organic extraese dried
over MgSQ and concentrateith vacuo The crude reaction
mixture was then added to a solution of LiAlIKBO0.7 mg,
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0.808 mmol) in THF (10 mL) and heated at 70 °C 2oh,
before it was cooled to 0 °C and quenched by thpieetial
addition of water (0.031 mL), 15 % ag. NaOH (0.08L) and
water (0.092 mL). The resulting solids were removyl
filtration and washed with EtOAc. The solids wereen
collected and refluxed in EtOAc for 2 h and filtdra second
time. The combined filtrates were dried with MgS@nd
evaporated. Purification by column chromatography etrol:
ethyl acetate> EtOAc) afforded10 as a yellow solid; (35.7
mg, 43 %); R0O.6 (ethyl acetate); mp: 145-147 °C (literature
193-195 °C)}*® vpax (thin film)/cm™* 3261, 2924, 1609, 15186,
1462, 1360, 1257, 1232, 11209, 1138, 1034400 MHz,
CDCl,) 6.78 (2H, s), 6.64 (1H, br s), 6.61 (1H, br s),160H, d,
J =15 Hz), 5.95 (1H, d] = 1.5 Hz), 4.14 (1H, d] = 15.2 Hz),
4.00 (1H, br s), 3.88 (3H, s), 3.66 (3H, s), 3.75 (d&],J = 10.4,
2.0 Hz), 3.58-3.54 (1H, m), 3.53 (1H,Xds 15.2 Hz), 3.19-3.15
(3H, m), 2.68-2.56 (2H, m)jc (100 MHz, CDC}) 147.8,
147.8, 145.5, 143.1, 131.0, 127.9, 126.3, 120.9,2,1111.5,
108.4, 107.4, 101.2, 66.0, 63.4, 56.1, 55.9, 53102, 43.9,
29.0; HRMS (ES)): Found: 370.1632; GH,,NO; (MH")
Requires: 370.1649 (4.4 ppm error); Obtained datadcord
with those reported in the literatul®.

(3-cis-2,3-Dimethoxy-8-0x0-9,10-(methylenedioxy)13-
(methanesulfoxymethyl) tetrahydro protoberberine
Methanesulfonyl chloride (23.8L, 0.308 mmol) was added
to a solution of alcohollO (35.5 mg, 0.096) in pyridine (1
mL). The reaction mixture was stirred at r.t. fob h and then
guenched with water (10 mL). The mixture was exedavith
Et,O (3 x 20 mlL). The organic extract was dried and
evaporated. Purification by column chromatograpiy (> 1:1
hexene:ethyl acetates EtOACc) afforded thditle compoundas
a yellow oil (25.5 mg, 68 %); .9 (ethyl acetateax (thin
film)/cm™ 2936, 1517, 1462, 1353, 1334, 1172, 1142, 1041,
955, 730;6, (400 MHz, CDC}) 6.84 (1H, d,J = 8.0 Hz), 6.75
(1H, s), 6.73 (1H, dJ = 8.0 Hz), 6.61 (1H, s), 6.00 (1H, d~
1.4 Hz), 5.97 (1H, dJ = 1.4 Hz), 4.22-4.08 (3H, m), 3.92-3.86
(2H, m), 3.90 (3H, s), 3.88 (3H, s), 3.56-3.52 (2H, 31} 1-3.00
(2H, m), 2.63-2.55 (1H, m), 2.62 (3H, 8); (100 MHz, CDC})
147.8, 147.4, 145.3, 142.9, 132.9, 128.1, 126.%11423.1,
111.4, 108.5, 106.7, 101.4, 72.4, 61.5, 56.2, 56302, 51.2,
43.7, 36.8, 29.2; HRMS (ESt Found: 448.1427,
C,,H,6NO;S (MH") Requires: 448.1424 (1.3 ppm error);

(x)-Cavidine (8) To a solution of (xkis-2,3-dimethoxy-8-
0x0-9,10-(methylenedioxy)13-(methanesulfoxymethyl)
tetrahydro protoberberine (22.4 mg, 0.058 mmol®%% EtOH
(3.5 mL) was added NaBH(32.8 mg, 0.867 mmol). The
resulting mixture was heated at reflux (80 °C) 20l and then
poured into HO (15 mL). The aqueous phase was extracted
with CH,Cl, (3 x 20 mL). The organic extracts were dried
(MgSQO,) and evaporated to yield the crude product.
Purification by column chromatography (5:1 hexatig/le
acetate) afforded cavidiras a white solid (13.6 mg, 67 %);
Rf 0.4 (1:1 hexane:ethyl acetate); mp: 180-184 °Cerditure
188-189 °C)vmay (thin film)/cm™ 2909, 2757, 1514, 1457,
1333, 1356, 1254, 1228, 1042, 72;(400 MHz, CDC}) 6.72
(1H, d,J = 8.0 Hz), 6.68 (1H, s), 6.67 (1H, 3= 8.0 Hz), 6.61
(1H, s), 5.97 (1H, dJ = 1.5 Hz), 5.93 (1H, dJ = 1.5 Hz), 4.09
(1H, d,J = 15.3 Hz), 3.88 (3H, s), 3.88 (3H, s), 3.73 (1H,9.
3.50 (1H, dJ = 15.3 Hz), 3.28-3.22 (1H, m), 3.16-3.07 (2H, m),
2.63-2.57 (2H, m), 0.94 (3H, d, = 6.9 Hz);5c (100 MHz,
CDCl,) 147.6, 147.1, 144.6, 143.0, 135.9, 128.3, 12823,.2,
116.8, 111.1, 108.5, 106.7, 101.0, 63.1, 56.1, 55383, 51.2,
38.5, 29.3, 18.4; HRMS (ESI Found: 354.1683; GH,,NO,
(MH") Requires: 354.1700 (4.3 ppm error); Obtained data
accord with those reported in the literatditd: '
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