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Abstract

The Voight reaction is for the transformation of@edaryo-hydroxy ketones into
correspondingi-amino ketones. Although discovered as early a$,1i88as not enjoyed wide
popularity in organic synthesis, as it is applieatal only secondary-hydroxy ketones. In terms
of extending the applications of the reaction, \@eenshown that the reaction takes placéeon
a-hydroxy ketones also, particularly when presentigid planar molecular frameworks like
phenanthrene, pyrene and acenaphthylene. Theaeatnot a simple substitution of the
hydroxy group with amines, but goes through imiorerfation followed by 1,2-C migration. The
reaction provides good opportunity for the syntbedioptically activer-amino ketones. We
have achieved facile synthesis of some chromatbgrally separable and optically actitert-a-
amino ketones by employirf§y(-) or R-(+)-a-methylbenzylamines in the Voight amination.
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1. Introduction

The Voight reaction, first reported in 1886, isaand mediated condensationeshydroxy
ketonesl with primary2 (or secondary) amines to formramino ketone$§ (Scheme 1}.Voight
demonstrated phosphorus pentoxide mediated conamamsaaction of benzoin and primary
amines to form correspondimgamino ketones. Apart from phosphorus pentoxide réaction
also worked well in the presence of strong protidsilike hydrochloric acfdor trifluoroacetic
acid® (Scheme 1). Lutz and co-workers probed the meshaof the reaction in detail and
showed that the reaction is not a simple substitutif the secondary hydroxyl grouplinbut
goes through a rearrangement (SchenfeAtcording to the proposed mechanism, initially
generated imine3 tautomerize to enal and finally to keton&. Indeed, the reaction of benzoin
derivative having electron donating OMe groups @) @osition of the aryl rings was slower
compared to that of simple benzoin owing to loveactivity of the carbonyl group for the
formation of imine intermediate. Lutz has cleatiyp®n that tertiary-hydroxy ketone$ e.g.a-
methyl andu-phenyl benzoins, do not undergo the Voight reactiicheme 2§2In such cases,
tautomerization in the intermediatas not possible. In the review article on the \tigeaction
Wang stated "In the absence of sugbroton, the reaction becomes the direct replaceénfahe
hydroxyl group by the amino group, which proceedt$ difficulty, as supported by the failure
of the reaction between amines anthethyl andx-phenyl benzoins*® Although,a-amino
ketones are important synthetic intermediates\Vibight amination reaction did not enjoy wide

popularity in organic synthesis as it is restridi@decondaryg-hydroxy ketones. However, we



have now discovered that the Voight amination daks place on tertiary-hydroxy ketones,

when the functional group is present on phenantneyrene or acenaphthylene motif.
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Scheme 2. The Voight reaction on tertianyhydroxy ketones.

While exploring synthesis of polyaryl pyrroleésye attempted to prepare the imifeefrom
10-allyl-10-hydroxyphenanthren-9(#(}-one6a and benzylamin@a on way to pyrrole
appended phenanthreh@ (Scheme 3). Surprisingly, however, the reactiomdceted under
standard conditions for imine generafigmovidedo-amino ketonéa along with minor amount
of oxazole9. Vatele and co-workers reported two-step synthafsisrtiarya-amino ketones
from aliphatic tertiaryu-hydroxy ketone$.The tertiaryo-hydroxy imines generated in the first-
step were heated to 160-17Dto force 1,2-migration of the alkyl group. Obsatign of Vatele
reinforced earlier findings of Lutz thathydroxy ketones are highly reluctant to undergo th
Voight reaction. Our observation thamino ketonéa was formed under relatively mild
conditions is in contrast to earlier observatiohkwdz and Vatele. We report herein results from
this study for the preparation of several terti@gmino ketones located on phenanthrene,

pyrene and acenaphthylene platform. We demongtrateéhe Voight reaction can be used for



the synthesis of chiral secondary amino ketonesnygloying optical active primary amines.

Furthermore, we report on the accrued mechanistaild of this enigmatic reaction.
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Scheme 3. Formation of the Voight produ8ta and oxazol® in the attempted synthesis of

pyrrole appended phenanthreite

2. Results and discussion
2.1. TheVoight reaction on symmetrical tertiary a-hydroxy ketones

The Barbier reaction of 9,10-phenanthrenequinortle allyl bromide in the presence of
indium metal provided 10-allyl-10-hydroxyphenantim@1CH)-one6a.® The formic acid
mediated condensation t&rt-a-hydroxy ketoneésa with benzylamine?a in methanol reflux
furnisheda-amino ketonéa in 82% yield along with minor amount of oxaz@l€Table 1, entry
1). Formic acid and methanol medium appears thédest combination for the transformation
since other solvents like dimethylformamide (DMHRirg 2) or toluene (entry 3) lowered the
yield of 8a. Similarly, alternate strong acids like trifluoczgic acid (entry 4) go-
toluenesulfonic acid monohydrate (PTSA, entry 8 mbt favour the reaction. Benzoic acid in
methanol medium (entry 6) or toluene medium (ei@jrglid not improve the yield af-amino

ketone8a.

Table 1. Optimization of reaction conditions for conversiof a-hydroxy ketone tax-amino

ketone.
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Entry Protic acid Solvent Yield ef-amino ketone Yield of oxazole
8a 9

1 HCOOH MeOH 82% 2%
2 HCOOH DMF 29% 5%
3 HCOOH Toluene 18% 10%
4 CKRCOOH Toluene 21% 25%
5 4-CH,CgH4SO;H.HO Toluene 10% 45%
6 GHsCOOH MeOH 26% -
7 CsHsCOOH Toluene 10% 6%

The generality of the transformationteft-a-hyroxy ketonesa into tert-a-amino ketone
8a by condensation with benzylamifa was ascertained by varying the ami@asc and the
alkyl group on the C(10) carbon bearing hydroxyugrof phenanthrengb-d. The Voight
amination reactions worked well in each case t@idetert-a-amino ketone8a-f in 56-88%
yield (Table 2). The reactions with benzylamitae(Table 2, entries 1, 4-6) or butylamiie
(entry 2) were conducted in methanol and formidadiowever, the reaction with anilirze
required organic solvent soluljetoluenesulfonic acid monohydrate (PTSA) as thd aatalyst

and higher boiling toluene as the solvent (entryT8e transformation did not work when



secondary amines like diethylamine, piperidinewrgidine was employed. Thert-a-amino
ketonesBa-f were characterized by IR4 NMR, **C NMR, DEPT-135 NMR and HRMS
spectra. In addition, the structuresBofand8f were unambiguously confirmed by X-ray single

crystal structure analysis (Figures 2 and 3).



Table 2. Transformation ofert-a-hydroxy ketones present on phenanthrene rbatd to

correspondingert-a-amino ketone8a-f.

Entry o-Hydroxy ketone Amine a-Amino ketone
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Next, we conducted the Voight reactiontert-a-hydroxy ketones present on pyrene motif
11 with three primary amine2a-c and the results are gathered in Table 3. 5-Allyl-5
hydroxypyren-4(51)-one11, generated by the Barbier reaction on pyrene-ibbeliwas
subjected to the Voight reaction with benzylamagTable 3, entry 1), butylamirzb (entry 2),
aniline2c (entry 3) to furnish correspondimtgrt-a-amino ketone4?a-c in good yield. While the
first two reactions worked in the presence of faraid in methanol reflux, the last reaction
required PTSA in toluene reflux. Interestinglygeneral, the Voight reaction was sloweroen
hydroxy ketone functionality present on pyrene fnatimpared ta-hydroxy ketone on
phenanthrene motif.

Our final effort on generalization was directed &ods the Voight reaction dart-o-
hydroxy ketone functional group present on acertgjéme frameworid3 (see Table 3). The
Voight reaction ofL3 with three primary amines namely benzylan®aebutylamine2b and
aniline 2c worked with facility to provide corresponditgyt-a-amino ketoneg4a-c in good
yield. Similar to the reactions on phenanthrene @mnene first two examples (entries 4 and 5,
Table 3) in this series worked in the presencewohic acid in methanol under reflux and last
one worked only when heated in toluene reflux emphesence of PTSA (entry 6). The rate of the
reaction ofa-hydroxy ketone on acenaphthyletfewas perceptibly faster than thatoehydroxy
ketone on pyren&l and comparable to that efhydroxy ketone on phenanthrefee We made
several attempts to synthesize 1-hydroxy-1-allylaphthalenone to evaluate if the Voight
reaction ofa-hydroxy ketone on naphthalene skeleton is fagileod. However, even after
repeated attempts, we could not succeed in thamgpn of 1-hydroxy-1-allyl-2-

naphthalenon&



Table 3. Transformation ofert-o-hydroxy ketones present on pyrene matifacenaphthylene

motif 13 to correspondintgert-a-amino ketone42a-c and14a-c.

Entry a-Hydroxyketone Amine a-Aminoketone
(o) OH BnHN 0
1. ' BnNH2
1 2a 12a (28 h, 72%)
(o) OH BuHN 0
2. ' BuNH, Q
1 2b 12b (24 h, 76%)
(o) OH PhHN 0]
1 2c 12¢ (24 h, 80%)
o) OH BnHN 1)
[ L
. 0 e O
13 2a 14a (22 h, 86%)
1) OH BuHN 0
— =

O BUNH2

13 2b 14b (18 h, 88%)

PhHHN o
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13 2c 14c (24 h, 78%)
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2.2. Mechanism of the Voight reaction

Generation ofert-a-amino ketones, 12 or 14 from condensation of corresponditegt-o-
hydroxy ketone$, 11 or 13 and primary amine® could be through the Voight pathway, that is,
through initial formation of the imine followed Hy2-migration of the allyl group. Alternatively,
since the protonated hydroxy group is tertiary,2yéo and a good leaving group, substitution
through {1 pathway is a clear possibility. To probe the na@idm, we synthesizadrt-o-
hydroxy ketoned5 and16 (Figure 1) from corresponding acenaphthylene-igpes! and allyl
bromidevia indium mediated Barbier reaction. The regiochemist allylation at C(2) was,
according to anticipated electronic characteristighe carbonyl group influenced pgra-
positioned substituents namely OMeliland NQin 16. The regiochemistry of allylated
productsl5 and16 were confirmed by analysis 4fl, *C NMR, DEPT-135 and 2-D NMR
(HSQC, HMBC and COSY) spectral data and finallysingle crystal X- ray structure analysis

(Figures 4 and 5).

NO,
16

Figure 1. Structure otert-a-hydroxy ketoned5 and16.

The Voight reaction dfert-a-hydroxy ketonel5 with benzylamine€a conducted in
methanol reflux in the presence of formic acid fsinedtert-a-amino ketoné7a exclusively
(Table 4, entry 1). Structure @¥a and location of théert-amino and the allyl groups was

confirmed by*H, **C NMR, DEPT-135 and 2-D NMR (HSQC, HMBC and COSJ¢stral

10



analysis. As anticipated tfiel NMR spectrum ofi7a displayed downfield shifted doublet, now
located ab 8.36 ppm, for C(6)H compared to its pargbtwhere it was located at8.06 ppm.
From the isolation ot7a we deduced that the transformatioribfto 17a had indeed gone
through the Voight pathway, that is initial fornaatiof the imine followed by 1,2-carbon
migration. To confirm the Voight pathway, we sulgsttert-a-hydroxy ketonel6 to reaction

with benzylamine in methanol reflux in the preseat&rmic acid to realizd8 as the exclusive
product (entry 4). As anticipated tf¢ NMR spectrum o8 displayed upfield shifted doublet,
now located ad 8.63 ppm, for C(5)H compared to its parg@twvhere it was located at9.10
ppm. Since the carbonyl groupib is in thepara position to that of electron-donating methoxy
group, reactivity ofl5 was lower compared to that . To evaluate the electronic effect on the
benzylamine towards the outcome of the Voight ieactve conducted two reactions on the
tert-a-hydroxy ketonel5 with 4-chlorobenzylamin2d and 4-methoxybenzylamirge (entries 2
and 3). Although reaction witke was slower, both the reactions respectively predithe

Voight productsl7b-c exclusively.

11



Table 4. Results from the mechanistic probing of the Voiglaction ortert-a-hydroxy ketones

15 and16 with benzylamines.

Entry o-Hydroxy ketone Amine a-Amino ketone
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Based on the results accumulated, we propose aamisah as given in Scheme 4. In the
first step, assisted by protic acid, the primaryree reacts with the keto group iart-o-
hydroxy ketone to form the iminium i&1, which then undergoes 1,2-carbon migration

(rearrangement) to foriiza. It is interesting to note that 1,2-allyl or prog@ migration appear

12



to be more facile compared to propyl migration (seeies 1,4 and 5, Table 2) which could
reflect their migratory aptitude. Finally, it isqb@ent to note that the Voight reaction did not
take place when it was conducted on 2-hydroxy-1pRehylpent-4-en-1-one (Ar = Ph! R

allyl, Scheme 2) with benzylamirga, n-butyl amine2b or aniline2c in the presence of formic
acid in methanol reflux or PTSA in toluene reflhis result indicates that the imine and both

the aromatic rings should be planar likeinfor the Voight reaction to take place.

BnNH, - H Y
Ho (C 9 HO_ Q NHBn HO_HO NH,Bn

0 s | =
CO = o e

OMe OMe OMe
15 19 20

. _

Q = H—/(—D\' ( NHBn

. NHBn 1 2-Carbon — g
migration

OO Voight pathway O

OMe OMe
17a - 21 -

Scheme 4. Mechanism for the formation of 2-allyl-2-(benayigo)-6-methoxyacenaphthylen-

1(2H)-onel7a from 2-allyl-2-hydroxy-6-methoxyacenaphthylen-#Hj2one 15.

The plausible mechanism for the formation of oxagdrom tert-a-hydroxy ketoneba is
given in Scheme 5. Similar to an earlier casefitsestep is the formation of the iminium ion
22. Subsequent loss of propene via [3,3]-sigmatrepitt leads to the intermedia28. An

electrocyclic rearrangement initiated by the alusiva of the benzylic hydrogen by the carbonyl

13



and concomitant restoration of aromatic charadténephenanthrene ring leads2th
Formation of dihydrooxazole ring through intra-nliar nucleophilic atatck of the oxygen on
the electrophilic carbon of the iminium ion24 leads td25. Finally, dehydrogenatioby aerial

oxidation furnishes oxazol®

) H
H-N7 (o
* 2
CH30H=CH2 O O
23 —

-

£+ /AN
N“ o . H-N">o-H H-N~ OH
o i~
9 25 24 -

Scheme 5. Mechanism for the formation of oxaz@®@drom tert-a-hydroxy ketonesa.
2.3. TheVoight reaction of tert-a-hydroxy ketones with chiral amines

The Voight reaction provides unique opportunityttoe synthesis of chiral secondary
amino ketones by employing commercially availalpgaally active primary amines |lik&-(-)-
a-methylbenzylamin@f andR-(+)-a-methylbenzylaming. Chirala-amino ketones are sought-
after molecule for their use in stereo selectiugydynthesis? The reaction 013 with S(-)-o-
methylbenzylamin@f in methanol reflux in the presence of formic gmidvided two
diastereomer&6a and26b in 1:1 ratio (Scheme 6) which were easily sepdrhiecolumn

chromatography and the isomers were charactenmigpendently. The structure of {865

14



isomer26b was unambiguously assigned on the basis of simgtat X-ray structure analysis
(Figure 6). We attempted selective reductive rerhoi/the ethylbenzene moiety #6b by
hydrogenolysis using Pd/C (10%) or Pd(@8)(20%) to check proof-of-the-principle of
synthesis ofi-amino ketones. Unfortunately, in both the instaneee isolated only the double
bond reduced produtt.Next, we carried out the Voight reaction1@with R-(+)-a-
methylbenzylamin@f and the reaction provided the two optically acantipode®6¢ (R,S) and
26d (RR) in 1:1 ratio (Scheme 6). As to be anticipatedtifier enantiomeric pairs, the NMR
spectra oR6a and26¢c matched perfectly. Similarly, the NMR spectra26b matched witt26d.
We note that in th&H NMR spectra, the chemical shift of methine prood@éb and26d
appeared at 3.61 ppm, which is in deshielded zone comparetigachemical shift value of
3.37 ppm for this proton iB6a and26c¢.

NH,

©/SLCH3

2f S
HCOOH (1 equiv) N O - 0

MeOH, reflux :/ B — g
30 h, 86%, (1:1)

BT
R CHs
13

29
HCOOH (1 equiv)
MeOH, reflux
30 h, 88%, (1:1)

Scheme 6. The Voight reaction dkrt-a-hydroxy ketone present on acenaphthylene matif

with chiral amine2f-g to correspondingert-a-amino ketoneg6a-d.

15



In continuation, we conducted the reactionest-a-hydroxy ketone present on
phenanthrene motfia with S-(-)-a-methylbenzylamin@f and the reaction provided two
chromatographically separable diastereor@@essand27b in 32:68 ratio (entry 1, Table 5). The
isomers were separated and characterized indepndeme ratio of the isomers was calculated
on the basis of integration of relevant signalfHrNMR spectra of the reaction mixture. The
structure of the isomers was assigned on compaasti and**C chemical shifts of relevant
hydrogen and carbon atoms with thos@&# and26b. Similarly, the reaction dda with R-(+)-
a-methylbenzylamin@g provided optical antipode&c and27d in 32:68 ratio (entry 2). Since
the final 1,2-C migration step is kinetically cavited, we believe that stereochemistry of the
imine intermediate dictates final stereochemicatomne favouring one of the two diasteromers.

Finally, we conducted the Voight reaction wil{-)-a-methylbenzylamin@f ontert-a-
hydroxy ketonell present on pyrene motif and the reaction providedmatographically
separable diastereomé® and28b in 42:58 ratio (entry 3, Table 5). The reactioribfwith R-
(+)-a-methylbenzylaming under the similar reaction conditions provideddpécal antipodes
28c and28d in 42:58 ratio (entry 4). Each isomer was sepdratel characterized
independently. Structures of the isomers were asgdign comparison of the spectra with those

derived from acenaphthylene or phenanthrene.

16



Table 5. Transformation ofert-a-hydroxy ketones present on phenanthrene réatipyrene

motif 11 to correspondingert-a-amino ketone&7a-d and28a-d.

Entry a-Hydroxy ketone Amine o~-Amino ketones Time Yield Ratio

(h) (%)

0o OH

- GO

6a

32 81 32:68

32 80 32:68

36 72 42:58

@) OH

36 72 42:58

3. Conclusion

17



We have extended scope of the Voight aminatiothersynthesis of severart-o-
amino ketones present on phenanthrene, pyrenecandghthylene motif. We have shown that
the acid mediated condensation of primary amarelert-a-hydroxy ketones present on rigid
planar molecular frameworks takes place readilyravide correspondintgrt-a-amino ketones.
The reaction goes through imine formation folloviydl,2-C migration. It works best with
HCOOH in methanol reflux or PTSA in toluene reflibhe reaction has been applied for
synthesis of optically activiert-a-amino ketones by employirf§y(-) or R-(+)-a-
methylbenzylamines.
4. Experimental section
4.1. General
All reactions and chromatographic separations wesgitored by thin layer chromatography
(TLC). Glass plates coated with silica gel GF-25bwsed for TLC. Column chromatography
was carried on neutral alumina (60-120 mesh, SRAmitals) or silica gel (100-200 mesh,
AVRA synthesis private limited) using increasinggentage of ethyl acetate in hexanes.
Melting points were uncorrected and were determursadg open-ended capillary tubes on
VEEGO VMP-DS instrument. IR spectra were recorde&Br pellets on a Nicolet-6700
spectrometer'H NMR spectra (400 MHz)-*C NMR (100MHz) and DEPT-135 spectra were
recorded for (CDGlor CDCE + CCl, 1:1) solutions on Bruker-Avance 400 MHz spectrtene
with TMS as internal standartH-NMR data are reported as follows: chemical smifultiplicity
(s = singlet, d = doublet, t = triplet, m = mulgpldd = doublet of the doublet, dt = doublet & th
triplet, td = triplet of the doublet and br s = adosinglet), coupling constar) @nd
integrations). Coupling constahwalues are given in Hz. TAE& NMR spectra were recorded

with broadbandH decoupling. The DEPT-135 NMR spectra were reabfde each sample to

18



support assigned structure. High resolution masstspwere recorded on a Water Q-TOF micro
mass spectrometer using electron spray ionizatiodemThe X- ray diffraction measurements
were carried out at 298 K on Oxford CrysAlis CCleadetector system equipped with a
graphite monochromator and a Maxfine-focus sealed tub& € 0.71073 A). Phenanthrene-
9,10-dione, pyrene, acenaphthylene-1,2-dione, foanid (98-100%), PTSA and benzylamines
were procured from commercial sources and usedcasived. Pyrene-4,5-diolfeand tertiaryo-
hydroxy ketone$a, 6¢c, 6d, 5, 7 and 2-hydroxy-1,2-diphenylpent-4-en-1-one wergagared
according to literature procedtute.

4.2. General procedurefor synthesisof a-amino ketones: a-Hydroxy ketone (1 equiv) was
taken in a 25 mL two neck round bottom flask argsdived in dry methanol or dry toluene. To
the resulting solution amine (4 equiv) and forngaaor p-toluenesulfonic acid monohydrate (1
equiv) was added under a nitrogen atmosphere arat sbom temperature for 10 min. Then, the
reaction mixture was refluxed under vigorous stgriAfter completion of the reaction (absence
of a-hydroxy ketone by TLC) reaction mixture was codiedoom temperature. Methanol or
toluene was evaporated under reduced pressurdamdude product was extracted using
dichloromethane (30 mL). The organic layer was wdshith 0.IN NaOH (2 x 20 mL), 0.0N

HCI (2 x 20 mL), brine solution (2 x 20 mL) and thdried over anhydrous sodium sulfate.
Then the concentrated crude product was purifieddiymn chromatography using neutral
alumina (60-120 mesh SRL chemicals) and increamingunt of ethyl acetate in hexanes (100%

hexane to 98% hexane) as eluent.

19



@) OH

G0

6b
4.2.1. 10-Hydr oxy-10-pr opylphenanthren-9(10H)-one (6b): 10-Allyl-10-hydroxyphenanthren-
9(10H)-one (200.1 mg, 0.80 mmol) was taken in a hydragemdissolved in methanol (5 mL)
and then 10% Pd/C (8.6 mg, 0.08 mmol) was added ré&action was done at 70 psi for 24 h.
After completion of starting material in the reactimixture, filter the Pd/C through celite and
concentrated the mother liquor to afford 10-hydraRypropylphenanthren-9(H)-one6b
(191.6 mg) as semi solid in 95% yield, R98% Hexane/EtOAc) 0.6; IR (KBr, cth3489,
3067, 2960, 2934, 2872, 1691, 1600, 1479, 1450,1B834, 1246, 1199, 1162, 1108, 1072,
1012, 962, 916, 758, 734, 6261 NMR (400 MHz, CDC} + CCl; 1:1) 7.90 (t,J = 8.0 Hz,
2H), 7.79-7.75 (m, 1H), 7.73-7.70 (m, 1H), 7.63 (et 7.2, 1.6 Hz, 1H), 7.40-7.31 (m, 3H),
4.07 (s, 1H), 1.78-1.60 (m, 2H), 1.34-1.14 (m, 2H)3 (t,J = 7.4 Hz, 3H)*C NMR (100
MHz, CDCk + CCl;; 1:1)5 204.0 (C=0), 141.2 (C), 137.7 (C), 135.0 (CH), .D2ACH), 129.05
(C), 128.7 (C), 128.4 (CH), 128.0 (CH), 127.3 (CH)F.3 (CH), 124.1 (CH), 123.2 (CH), 79.9
(C), 46.9 (CH), 17.3 (CH), 14.0 (CH) ppm; HRMS (ESI) calcd for sH;60-Na (M + Na)

275.1048, found 275.1053.

8a

4.2.2. 10-Allyl-10-(benzylamino)phenanthren-9(10H)-one (8a): Following the general

procedure, the reaction of 10-allyl-10-hydroxyph&haen-9(1®)-one (200.2 mg, 0.80 mmol),

20



benzylamine (172.3 mg, 3.2 mmol), formic af3%.8 mg, 0.80 mmol) and methanol (5 mL)
afforded 10-allyl-10-(benzylamino)phenanthren-H}-@ne8a (222.5 mg) as light yellow

semi solid in 82% yield, R98% Hexane/EtOAc) 0.7; IR (KBr, ch 3351, 3066, 3028, 2924,
2854, 1680, 1600, 1452, 1278, 1219, 1158, 1110, 38R 921, 758, 732, 699, 648 NMR
(400 MHz, CDC} + CCl; 1:1)$ 8.10 (dd,J = 7.8, 1.3 Hz, 1H), 8.06-7.98 (m, 3H), 7.71-7.64 (
1H), 7.48-7.34 (m, 5H), 7.29 &= 7.4 Hz, 2H), 7.22 (d] = 7.2 Hz, 1H), 5.47-5.36 (m, 1H),
4.89-4.83 (m, 2H), 3.44 (d,= 12.2 Hz, 1H), 3.29 (d} = 12.2 Hz, 1H), 2.53-2.44 (m, 2H), 2.10
(br s, 1H) ppm;*C NMR (100 MHz, CDQ + CCl; 1:1)8 202.4 (C=0), 140.9 (C), 139.9 (C),
137.5 (C), 134.8 (CH), 131.3 (CH), 131.2 (C), 13T}, 129.6 (CH), 128.5 (CH), 128.43 (CH),
128.41 (CH), 128.0 (CH), 127.6 (CH), 127.1 (CH)3B(CH), 123.2 (CH) , 119.8 (GH 69.3
(C), 49.6 (CH), 48.8 (CH) ppm; HRMS (ESI) calcd for £H,,NO (M + H) 340.1701, found
340.1700.

n—C4I;|9
NH o

8b

4.2.3. 10-Allyl-10-(butylamino)phenanthren-9(10H)-one (8b): Following the general
procedure, the reaction of 10-allyl-10-hydroxyphaheaen-9(1®)-one (200.1 mg, 0.80 mmol),
butylamine (234.1 mg, 3.2 mmol), formic a¢@6.9 mg, 0.80 mmol) and methanol (5 mL)
afforded 10-allyl-10-(butylamino)phenanthren-9)@ne8b (209.9 mg) as light yellow semi
solid in 86% yield, R(98% Hexane/EtOAc) 0.7; IR (KBr, 3476, 3071, 2957, 2926, 2859,
1678, 1642, 1601, 1475, 1451, 1279, 1223, 11437,1994, 920, 760, 733, 6354 NMR (400
MHz, CDCk + CCl;; 1:1)5 8.06 (ddJ = 7.8, 1.2 Hz, 1H), 8.01-7.93 (m, 2H), 7.89 (dd; 7.6,
1.4 Hz, 1H), 7.64 (td) = 8.1, 1.5 Hz, 1H), 7.43-7.33 (m, 3H), 5.44-5.88 (H), 4.90-4.81 (m,
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2H), 2.43 (dd,) = 7.4, 3.6 Hz, 2H), 2.35 (br s, 1H), 2.29-2.22 (), 2.13-2.06 (m, 1H), 1.49-
1.40 (m, 2H), 1.35-1.26 (m, 2H), 0.86 Jt= 7.3 Hz, 3H) ppm**C NMR (100 MHz, CDQ +
CCly; 1:1)8 202.7 (C=0), 140.2 (C), 137.4 (C), 134.7 (CH), BTH), 130.9 (C), 130.0 (C),
129.4 (CH), 128.5 (CH), 128.3 (CH), 127.8 (CH), BCH), 123.6 (CH), 123.1 (CH), 119.6
(CHy), 69.1 (C), 49.6 (Ch), 44.3 (CH), 33.1 (CH), 20.6 (CH), 14.3 (CH) ppm; HRMS (ESI)

calcd for G;H24NO (M + H) 306.1858, found 306.1858.

>

NH o
-0

8c
4.2.4. 10-Allyl-10-(phenylamino)phenanthren-9(10H)-one (8c): Following the general
procedure, the reaction of 10-allyl-10-hydroxyph&haen-9(1®)-one (199.9 mg, 0.80 mmol),
aniline (296.1 mg, 3.2 mmolp;toluenesulfonic acid monohydratE52.0 mg, 0.80 mmol), 4 A
molecular sieves and toluene (5 mL) afforded 19H4I0-(phenylamino)phenanthren-9¢@p3
one3c (228.6 mg) as light yellow color solid in 88% yield,{R98% Hexane/EtOAc) 0.6; mp
121-122°C; IR (KBr, cm™) 3389, 3064, 3022, 2926, 2855, 1690, 1602, 1502811450, 1432,
1313, 1289, 1256, 1222, 1159, 1024, 993, 923, 7534, 691;*H NMR (400 MHz, CDC{ +
CCls; 1:1)$ 8.13-8.03 (m, 3H), 7.75-7.70 (m, 2H), 7.48-7.36 Pi), 7.33 (tdJ = 7.7, 1.0 Hz,
1H), 6.93 (tJ = 8.1 Hz, 2H), 6.58 (1] = 7.3 Hz, 1H), 6.18 (d] = 7.8 Hz, 2H), 5.63-5.50 (m,
1H), 5.21-5.10 (m, 2H), 4.68 (s, 1H), 2.65-2.52 i) ppm;**C NMR (100 MHz, CDQ +
CClg; 1:1)5 199.6 (C=0), 145.3 (C), 140.6 (C), 137.1 (C), 83€H), 131.1 (CH), 130.0 (C),

129.82 (C), 129.75 (CH), 128.9 (CH), 128.5 (CH)BBCH), 128.1 (CH), 127.6 (CH), 124.4
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(CH), 123.3 (CH), 121.2 (CH), 118.3 (CH), 115.8 (CBB.7 (C), 48.5 (Ck) ppm; HRMS (ESI)

calcd for GsH190NONa (M + Na) 348.1364, found 348.1365.

Figure 2. ORTEP diagram of 10-allyl-10-(phenylamino)pheaen-9(1t)-one8c (CCDC
1025149) with crystallographic numbering.

Crystal data for 8c. Empirical formula, GsH1sNO; Formula weight, 325.39; Crystal color,
habit: light yellow color, rectangular block; Crgssystem, orthorhombic; Crystal dimensions,
0.4 x 0.2 x 0.05 mr Lattice parameters, a = 15.2385(6) A, b = 23.078VA, ¢ = 9.9974(6) A;
a = 90.00,8 = 90.00,y = 90.00; V = 3516.1(3) A Space group P2-1; Z = 8:¢= 1.229

glent; Fooo= 1376;AM(Mo Ko) = 0.7107 A; R (+26,) = 0.0674, wR= 0.1738. Detailed X-ray
crystallographic data is available from the Camigi€rystallographic Data Centre, 12 Union

Road, Cambridge CB2 1EZ, UK (for compowddCCDC # 1025149).
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8d
4.2.5. 10-(Benzylamino)-10-pr opylphenanthren-9(10H)-one (8d): Following the general
procedure, the reaction of 10-hydroxy-10-propyl@mhren-9(16l)-one (199.8 mg, 0.80
mmol), benzylamine (340.8 mg, 3.2 mmol), formicdg@6.6 mg, 0.80 mmol) and methanol (5
mL) afforded 10-(benzylamino)-10-propylphenanth8hoH)-one8d (151.4 mg) as light
yellow semi solid in 56% yield, /898% Hexane/EtOAc) 0.7; IR (KBr, ch3385, 3063, 3030,
2959, 2930, 2811, 2734, 1702, 1600, 1491, 14537,1B%03, 1166, 1026, 916, 828, 742, 695;
'H NMR (400 MHz, CDC} + CCl;; 1:1)$ 8.14 (dd,J = 7.8, 1.2 Hz, 1H), 8.09-8.01 (m, 3H),
7.71 (td,J = 8.1, 1.5 Hz, 1H), 7.47-7.35 (m, 5H), 7.33-7.88 2H), 7.24 (dJ = 7.2 Hz, 1H),
3.41 (d,J=12.1 Hz, 1H), 3.26 (d = 12.1 Hz, 1H), 1.83 (br s, 1H), 1.77-1.69 (m, 2H)0-
0.97 (m, 2H), 0.66 () = 7.3 Hz, 3H) ppm*°C NMR (100 MHz, CDGJ + CCl; 1:1)& 204.0
(C=0), 141.0 (C), 140.1 (C), 137.5 (C), 135.0 (CH31.1 (C), 130.0 (C), 129.5 (CH), 128.5
(CH), 128.40 (CH), 128.37 (CH), 127.8 (CH), 127CH(, 127.0 (CH), 123.7 (CH), 123.3 (CH),
69.3 (C), 48.9 (Ch), 48.1 (CH), 16.9 (CH), 14.2 (CH) ppm; HRMS (ESI) calcd for £H2sNO

(M + H) 342.1858, found 342.1858.
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4.2.6. 10-(Benzylamino)-10-(pr op-2-yn-1-yl)phenanthren-9(10H)-one (8¢): Following the
general procedure, the reaction of 10-hydroxy-Iof2-yn-1-yl)phenanthren-9(H)-one

(200.1 mg, 0.80 mmol), benzylamine (345.0 mg, 3r2af), formic acid(37.0 mg, 0.80 mmol)
and methanol (5 mL) afforded 10-(benzylamino)-1@fp2-yn-1-yl)phenanthren-9(H)-one8e
(212.0 mg) as light yellow semi solid in 75% vyield,; 8% Hexane/EtOAc) 0.7; IR (KBr, cm
1) 3292, 3065, 2911, 2855, 3028, 1684, 1601, 1468111275, 1217, 1109, 939, 795, 758, 731,
702;*H NMR (400 MHz, CDC} + CCl; 1:1)$ 8.14 (d,J = 7.2 Hz, 1H), 8.08-8.00 (m, 3H), 7.69
(t, J= 7.6 Hz, 1H), 7.49-7.40 (m, 3H), 7.38 (& 7.3 Hz, 2H), 7.30 (1] = 7.4 Hz, 2H), 7.23 (d,
J=9.6 Hz, 1H), 3.46 (d] = 12.2 Hz, 1H), 3.31 (dl = 12.2 Hz, 1H), 2.84 (br s, 1H), 2.65 (dd,

= 16.5, 2.6 Hz, 2H), 1.88 ({@,= 2.5 Hz, 1H) ppm**C NMR (100 MHz, CDCJ + CCl;; 1:1)$
200.7 (C=0), 140.6 (C), 138.6 (C), 137.4 (C), 13&8), 131.4 (C), 129.8 (C), 129.7 (CH),
128.5 (CH), 128.4 (CH), 128.2 (CH), 127.8 (CH), 12(TH), 124.0 (CH), 123.2 (CH), 77.9
(CH), 73.0 (C), 67.7 (C), 48.8 (GH 34.9 (CH) ppm; HRMS (ESI) calcd for &HooNO (M +

H) 338.1545, found 338.1545.

4.2.7. 10-Benzyl-10-(benzylamino)phenanthren-9(10H)-one (8f): Following the general
procedure, the reaction of 10-benzyl-10-hydroxyamehren-9(181)-one (200.2 mg, 0.66
mmol), benzylamine (285.6 mg, 2.6 mmol), formicdg@1.4 mg, 0.66 mmol) and methanol (5
mL) afforded 10-benzyl-10-(benzylamino)phenanth®éhoH)-one8f (168.6 mg) aa solid in
65% yield, R (98% Hexane/EtOAc) 0.7; mp 48-40; IR (KBr, cnmi?) 3320, 3061, 3028, 1670,
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1601, 1495, 1451, 1277, 1123, 1028, 941, 764, 72®;,"H NMR (400 MHz, CDC} + CCl;
1:1)$ 8.02 (t,J = 7.7 Hz, 2H), 7.88 (d] = 7.7 Hz, 1H), 7.81 (d] = 8.0 Hz, 1H), 7.53 (1= 7.6
Hz, 1H), 7.45-7.33 (m, 5H), 7.28 &= 7.4 Hz, 2H), 7.23-7.17 (m, 1H), 7.00-6.88 (m)36158
(d,J = 7.6 Hz, 2H), 3.39 (d] = 12.3 Hz, 1H), 3.30 (d} = 12.3 Hz, 1H), 3.01 (s, 2H), 2.63 (br s,
1H) ppm;*3C NMR (100 MHz, CDQ + CCl; 1:1)8 202.3(C=0), 141.0 (C), 139.3 (C), 137.3
(C), 134.6 (CH), 134.4 (C), 131.7 (C), 130.4 (CH)9.4 (CH), 128.6 (CH), 128.5 (CH), 128.4
(CH), 128.2 (CH), 128.0 (CH), 127.6 (CH), 127.4 (Ci27.0 (CH), 126.9 (CH), 123.6 (CH),
123.0 (CH), 70.5 (C), 52.3 (Gl 48.8 (CH) ppm; HRMS (ESI) calcd for £gH24NO (M + H)

390.1858, found 390.1858.

Figure 3. ORTEP diagram of 10-benzyl-10-(benzylamino)phémam-9(1@H)-one8f (CCDC

1025150) with crystallographic numbering.
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Crystal datafor 8f: Empirical formula, GgH23NO; Formula weight, 389.47; Crystal color,
habit: colorless, plate; Crystal system, triclif@rystal dimensions, 0.45 x 025 x 0.20 fnm
Lattice parameters, a = 8.4602(8) A, b = 10.668p,& = 12.1284(12)A¢ = 80.86(8) =
76.81(9),y = 88.58(8); V = 1052.22(18)ASpace group P-1; Z = 2;:Rq= 1.229 g/en Fyoo=
412;(Mo Ka) = 0.7107 A; R ¢20,) = 0.0619, wRR= 0.1478. Detailed X-ray crystallographic
data is available from the Cambridge Crystallograprata Centre, 12 Union Road, Cambridge

CB2 1EZ, UK (for compoun@f CCDC # 1025150).

NH O

12a

4.2.8. 5-Allyl-5-(benzylamino)pyren-4(5H)-one (12a): Following the general procedure, the
reaction of 5-allyl-5-hydroxypyren-4£9-one (100.3 mg, 0.37 mmol), benzylamine (157.8 mg,
1.47 mmol), formic aciq17.2 mg, 0.37 mmol) and methanol (3 mL) affordeal|$l-5-
(benzylamino)pyren-43)-onel2a (96.4 mg) as yellow color semi solid in 72% yielB;

(98% Hexane/EtOAc) 0.7; IR (KBr, ¢ 3328, 3056, 2958, 2924, 2853, 1677, 1618, 1583,
1494, 1454, 1431, 1341, 1261, 1174, 1117, 1032, 922, 837, 724, 700H NMR (400 MHz,
CDCl; + CCl; 1:1)5 8.40 (d,J = 7.4 Hz, 1H), 8.26 (d] = 7.4 Hz, 1H), 8.13 (d] = 7.9 Hz, 1H),
7.89-7.79 (m, 2H), 7.78-7.69 (m, 3H), 7.37Jd& 7.4 Hz, 2H), 7.28 (] = 7.5 Hz, 2H), 7.23-
7.17 (m, 1H), 5.45-5.32 (m, 1H), 4.84-4.78 (m, 2Bi%9 (d,J = 12.3 Hz, 1H), 3.40 (d} = 12.2
Hz, 1H), 2.64-2.54 (m, 2H) ppm°C NMR (100 MHz, CDG + CCl; 1:1)$ 202.9 (C=0), 140.8

(C), 139.7 (C), 134.1 (CH), 132.1 (C), 131.4 (12 (CH), 130.0 (C), 129.0 (C), 128.5 (CH),
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128.4 (CH), 128.2 (CH), 128.0 (CH), 127.2 (CH), IP{CH), 127.0 (CH), 126.2 (CH), 126.0
(CH), 119.8 (CH), 70.1 (C), 50.2 (Ch), 48.9 (CH) ppm; HRMS (ESI) calcd for £gH,,NO (M

+ H) 364.1701, found 364.1701.

n-C4Hg

4.2.9. 5-Allyl-5-(butylamino)pyren-4(5H)-one (12b): Following the general procedure, the
reaction of 5-allyl-5-hydroxypyren-4£§-one (100.3 mg, 0.37 mmob;butyl amine (107.3 mg,
1.47 mmol), formic aciq17.4 mg, 0.37 mmol) and methanol (3 mL) affordeal|§l-5-
(benzylamino)pyren-43)-onel2b (92.2 mg) as yellow color semi solid in 76% yield; R
(98% Hexane/EtOAc) 0.7; IR (KBr, ci 3428, 3062, 2958, 2927, 2858, 1675, 1620, 1342,
1260, 1173, 1118, 992, 924, 838, 743;NMR (400 MHz, CDCJ) 6 8.37 (ddJ = 7.4, 1.0 Hz,
1H), 8.14 (d,]J = 7.9 Hz, 2H), 7.87-7.81 (m, 2H), 7.80-7.70 (m)35139-5.28 (m, 1H), 4.88-
4.76 (m, 2H), 2.61-2.51 (m, 2H), 2.36-2.20 (m, 2HB6 (br s, 1H), 1.53-1.43 (m, 2H), 1.35-
1.24 (m, 2H), 0.85 () = 7.3 Hz, 3H) ppm*3C NMR (100 MHz, CDG) § 203.5 (C=0), 134.2
(CH), 132.0 (C), 131.4 (C), 131.2 (CH), 129.9 (1¥8.9 (C), 128.1 (CH), 128.0 (CH), 127.1
(CH), 127.0 (CH), 126.3 (CH), 126.2 (CH), 125.9 (CH25.8 (C), 119.6 (CH), 70.0 (C), 50.2
(CHy), 44.6 (CH), 33.0 (CH), 20.5 (CH), 14.1 (CH) ppm; HRMS (ESI) calcd for £gH,4NO

(M + H) 330.1858, found 330.1858.

28



NH o

12¢

4.2.10. 5-Allyl-5-(phenylamino)pyren-4(5H)-one (12c): Following the general procedure, the
reaction of 5-allyl-5-hydroxypyren-4£5-one (100.1 mg, 0.37 mmol), aniline (136.7 mg,71.4
mmol), p-toluenesulfonic acighonohydrat€69.8 mg, 0.37 mmol), 4 A molecular sieves and
toluene (3 mL) afforded 5-allyl-5-(phenylamino)pgré(5H)-onel12c (109.3 mg) as semi solid
in 80% yield, R (98% Hexane/EtOAc) 0.6; IR (KBr, cth3398, 3052, 2957, 2927, 2855, 1686,
1603, 1499, 1341, 1314, 1292, 1260, 1120, 1073),1988, 923, 839, 728, 6924 NMR (400
MHz, CDCk + CCl;; 1:1)5 8.39 (ddJ = 7.4, 1.1 Hz, 1H), 8.21 (d,= 8.0 Hz, 1H), 7.96 (d] =
7.5 Hz, 1H), 7.91-7.85 (m, 3H), 7.75dt= 7.7 Hz, 1H), 7.63 (] = 7.7 Hz, 1H), 6.87 (1= 7.9
Hz, 2H), 6.55 (tJ = 7.3 Hz, 1H), 6.26-6.19 (m, 2H), 5.59-5.46 (M)15114-5.06 (M, 2H), 4.89
(s, 1H), 2.71-2.57 (m, 2H) ppntC NMR (100 MHz, CDCJ + CCl; 1:1)$ 200.2 (C=0), 145.3
(C), 140.4 (C), 134.2 (CH), 132.6 (C), 131.6 (G30D (CH), 129.6 (C), 129.0 (CH), 128.8 (C),
128.3 (CH), 128.1 (CH), 127.3 (CH), 127.1 (CH), B@H), 126.5 (CH), 125.3 (CH), 124.8
(C), 121.2 (CH), 118.3 (CH), 115.7 (CH), 67.4 (C), 48.9 (§pm; HRMS (ESI) calcd for

C2sH19NONa (M + Na) 372.1364, found 372.13609.

29



4.2.11. 2-Allyl-2-(benzylamino)acenaphthylen-1(2H)-one (14a): Following the general
procedure, the reaction of 2-allyl-2-hydroxyacerthplen-1(H)-one (100.2 mg, 0.45 mmol),
benzylamine (190.9 mg, 1.78 mmol), formic a@@.6 mg, 0.45 mmol) and methanol (3 mL)
afforded 2-allyl-2-(benzylamino)acenaphthylenHjznel4a (120.4 mg) as light yellow semi
solid in 86% yield, R(98% Hexane/EtOAc) 0.7; IR (KBr, ch 3396, 3064, 2960, 2930, 2869,
1719, 1641, 1600, 1493, 1458, 1433, 1369, 1344412101, 1122, 1094, 1071, 1008, 988, 922,
838, 783, 748, 700, 661 NMR (400 MHz, CDC} + CCl; 1:1)5 8.11 (d,J = 8.0 Hz, 1H),
7.94 (d,J = 7.0 Hz, 1H), 7.88-7.82 (m, 1H), 7.75-7.65 (m)3AH24-7.13 (m, 5H), 5.61-5.49 (m,
1H), 5.02-4.87 (m, 2H), 3.42 (d= 12.3 Hz, 1H), 3.22 (d = 12.3 Hz, 1H), 2.75-2.67 (m, 1H),
2.62-2.54 (m, 1H), 2.29 (br s, 1H) ppMC NMR (100 MHz, CDGJ + CCl; 1:1)§ 209.2
(C=0), 141.9 (C), 140.3 (C), 139.9 (C), 132.4 (£32.0 (CH), 131.8 (CH), 130.9 (C), 128.8
(CH), 128.4 (CH), 128.31 (CH), 128.29 (CH), 127CH{, 124.9 (CH), 121.12 (CH), 121.05
(CH), 119.5 (CH), 70.8 (C), 48.6 (Ch), 43.4 (CH) ppm; HRMS (ESI) calcd for SH,gNO (M
+ H) 314.1545, found 314.1545.
n-C4HgHN o
L
¢

14b
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4.2.12. 2-Allyl-2-(butylamino)acenaphthylen-1(2H)-one (14b): Following the general
procedure, the reaction of 2-allyl-2-hydroxyaceraplen-1(H)-one (100.3 mg, 0.45 mmol),
butylamine (130.3 mg, 1.78 mmol) and formic a@@.4 mg, 0.45 mmol) and methanol (3 mL)
afforded 2-allyl-2-(butylamino)acenaphthylen-H)2one14b (109.9 mg) as light yellow semi
solid in 88% yield, R(98% Hexane/EtOAc) 0.7; IR (KBr, ch3317, 3057, 2957, 2928, 2865,
1723, 1640, 1623, 1603, 1492, 1462, 1432, 13673,1B316, 1293, 1260, 1215, 1191, 1145,
1105, 1055, 1003, 920, 836, 783, 740, 656NMR (400 MHz, CDC} + CCl; 1:1) 8.10 (d,J

= 8.1 Hz, 1H), 7.90 (d] = 7.0 Hz, 1H), 7.84 (dl = 8.2 Hz, 1H), 7.74-7.64 (m, 2H), 7.60 (t;
6.9 Hz, 1H), 5.62-5.43 (m, 1H), 4.99 (tk 16.9 Hz, 1H), 4.88 (d = 10.1 Hz, 1H), 2.69-2.64
(m, 1H), 2.58-2.52 (m, 1H), 2.27-2.21 (m, 1H), 2(b4s, 1H), 2.07-2.01 (m, 1H), 1.37-1.27 (m,
2H), 1.23-1.14 (m, 2H), 0.77 @,= 7.3 Hz, 3H) ppm:3C NMR (100 MHz, CDGJ + CCl; 1:1)
209.6 (C=0), 141.8 (C), 140.2 (C), 132.3 (C), 13C8l), 131.8 (CH), 130.8 (C), 128.7 (CH),
128.1 (CH), 124.7 (CH), 120.9 (CH), 120.8 (CH), BL&H), 70.6 (C), 43.8 (Ch), 43.4 (CH),
32.8 (CH), 20.2 (CH), 14.0 (CH) ppm; HRMS (ESI) calcd for 8H2,NO (M + H) 280.1701,

found 280.1701.

4.2.13. 2-Allyl-2-(phenylamino)acenaphthylen-1(2H)-one (14c): Following the general
procedure, the reaction of 2-allyl-2-hydroxyaceraplen-1(H)-one (100.3 mg, 0.45 mmol),
aniline (166.1 mg, 1.78 mmop;toluenesulfonic acid monohydra@4.9 mg, 0.45 mmol), 4 A

molecular sieves and toluene (3 mL) afforded 2l&iyphenylamino)acenaphthylen-Hzone
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14c (104.4 mg) as light yellow color semi solid in 78% yield; ®8% Hexane/EtOAc) 0.6; IR
(KBr, cm™) 3388, 3054, 2924, 2853, 1725, 1602, 1500, 1443311366, 1342, 1315, 1259,
1213, 1188, 1085, 992, 924, 832, 783, 749, 842IMR (400 MHz, CDC} + CCl; 1:1)6 8.17
(d,J = 8.1 Hz, 1H), 7.97 (d] = 6.9 Hz, 1H), 7.87 (d] = 8.3 Hz, 1H), 7.78 (t] = 7.6 Hz, 1H),
7.62 (dd,J = 7.6 Hz, 1H), 7.53 (d = 6.8 Hz, 1H), 6.78 (] = 8.0 Hz, 2H), 6.51 (] = 7.3 Hz,
1H), 6.02 (d,J = 8.5 Hz, 2H), 5.82-5.72 (m, 1H), 5.25-5.14 (m,)2#57 (s, 1H), 2.72-2.65 (m,
1H), 2.64-2.57 (m, 1H) ppnt’C NMR (100 MHz, CDCJ + CCl;; 1:1)$ 206.4 (C=0), 145.2
(C), 140.4 (C), 140.1 (C), 132.4 (CH), 131.5 (CHj1.2 (C), 129.1 (CH), 128.8 (CH), 128.5
(CH), 125.2 (CH), 122.0 (CH), 121.1 (g}120.7 (CH), 118.9 (CH), 114.6 (CH), 67.9 (C),&5
(CH,) ppm; HRMS (ESI) calcd for £H:sNONa (M +Na) 322.1208, found 322.1208.

HO 0]

15
4.2.14. 2-Allyl-2-hydr oxy-6-methoxyacenaphthylen-1(2H)-one (15): A mixture of 5-
methoxyacenaphthylene-1,2-dione (501.3 mg, 2.35 Ijp@ityl bromide (442.3 mg, 3.65
mmol), indium metal (284.3 mg, 2.47 mmol) and sadiodide (547.3 mg, 3.65 mmol) in
dimethylformamide (10 mL) was stirred at room tenapere until the reaction completed (by
TLC, 48 h). The reaction mixture was quenched WighmL of 1N HCI and the organic layer
was extracted using dichloromethane (50 mL). Tiyauwic layer was washed with water (2 x 50
mL), brine solution (2 x 50 mL) and then dried oaehydrous sodium sulfate. The concentrated
crude product was purified by column chromatograps$ing silica (100-200 mesh) and
hexane:ethyl acetate 8:2 as eluent to afford 2-alyydroxy-6-methoxyacenaphthylen-Hp

onel5 (372.1 mg) as a crystalline white solid in 62% gjd® (98% Hexane/EtOAc) 0.4; mp
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148-149°C; IR (KBr, cni') 3375, 2935, 1690, 1593, 1497, 1452, 1427, 1333511292, 1253,
1177, 1158, 1082, 1050, 1007, 970, 933, 903, 828, B75, 743, 680H NMR (400 MHz,
CDCly) § 8.06 (ddJ = 8.1, 1.1 Hz, 1H), 7.92 (d,= 7.9 Hz, 1H), 7.65-7.56 (m, 2H), 7.02 (=
7.9 Hz, 1H), 5.73-5.60 (m, 1H), 5.09-4.97 (m, 24109 (s, 3H), 3.27 (br s, 1H), 2.85-2.76 (m,
1H), 2.68-2.59 (m, 1H}C NMR (100 MHz, CDGJ) § 203.6 (C=0), 160.8 (C), 142.9 (C),
138.7 (C), 131.4 (CH), 127.7 (CH), 124.5 (CH), 22&), 122.3 (C), 121.6 (CH), 121.0 (CH),
120.0 (CH), 107.0 (CH), 80.2 (C), 56.3 (GH 43.0 (CH). HRMS (ESI) calcd for GH140sNa

(M + Na) 277.0841, found 277.0848.

Figure4. ORTEP diagram of 2-allyl-2-hydroxy-6-methoxyacehtoylen-1(2)-onel5 (CCDC
1025204) with crystallographic numbering.

Crystal data for 15: Empirical formula, GsH1403; Formula weight, 254.27; Crystal color, habit:
colorless, rectangular block; Crystal system,itric|] Crystal dimensions, 0.45 x 025 x 0.20
mm?, Lattice parameters, a = 7.7585(6) A, b = 8.73b8(6c = 10.7059(8) Ap = 88.453(6)f =
77.494(6)y = 66.859(7); V = 649.97(8) ASpace group P-1; Z = 2..Rq= 1.299 g/cr Fogo=

268;1(Mo Ka) = 0.7107 A; R (+26,) = 0.0499, wR= 0.1171. Detailed X-ray crystallographic
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data is available from the Cambridge Crystallograprata Centre, 12 Union Road, Cambridge
CB2 1EZ, UK (for compound5 CCDC # 1025204).

Q OH

NO,
16

4.2.15. 2-Allyl-2-hydr oxy-5-nitr oacenaphthylen-1(2H)-one (16): A mixture of 5-
nitroacenaphthylene-1,2-dione (200.6 mg, 0.74 mpnatlyl bromide (139.3 mg, 1.15 mmol),
indium metal (89.2 mg, 0.77 mmol) and sodium ioditié2.8 mg, 1.15 mmol) in
dimethylformamide (5 mL) was stirred at 8D for 4 h. Then the reaction mixture was cooled to
room temperature followed by removal of solventr(gihylformamide) under reduced pressure.
Then the reaction mixture was extracted using didmethane (30 mL). The organic layer was
washed with water (2 x 30 mL), brine solution (3&mL) and then dried over anhydrous
sodium sulfate. The concentrated crude productpuagied by column chromatography using
silica (100-200 mesh) and hexane:ethyl acetata8#8luent to afford 2-allyl-2-hydroxy-5-
nitroacenaphthylen-1f2-one16 (130.7 mg) as a light yellow solid in 55% yield, (88%
Hexane/EtOAc) 0.5; mp 46-4T; IR (KBr, cmit) 3445,1733, 1623, 1523, 1492, 1429, 1336,
1257, 1199, 1172, 1081, 999, 927, 782, 669NMR (400 MHz, CDC} + CCl;; 1:1)$ 9.10 (d,
J=8.8 Hz, 1H), 8.68 (d] = 8.0 Hz, 1H), 8.10 (d] = 6.8 Hz, 1H), 8.04 (§ = 7.8 Hz, 1H), 7.76
(d,J = 7.8 Hz, 1H), 5.70-5.50 (m, 1H), 5.12-5.02 (m) 28156 (s, 1H), 2.88-2.78 (m, 1H), 2.73-
2.60 (m, 1H) ppm*3C NMR (100 MHz, CDGJ + CCl; 1:1) 203.0 (C=0), 147.3 (C), 143.8 (C),
141.8 (C), 132.4 (CH), 131.1 (C), 130.3 (CH), 13(CR), 127.9 (CH), 124.0 (CH), 123.7 (C),
121.5 (CH), 120.1 (CH), 79.1 (C), 43.2 (GHppm; HRMS (ESI) calcd for £gH1:NOsNa (M +

Na) 292.0586, found 292.0586.
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Figure5. ORTEP diagram of 2-allyl-2-hydroxy-5-nitroacentipten-1(2H)-one16 (CCDC #
1052055) with crystallographic numbering.

Crystal data for 16: Empirical formula, GsH11NO,4; Formula weight, 269.25; Crystal color,
habit: colorless, rectangular block; Crystal systamlinic; Crystal dimensions, 0.45 x 0.30 x
0.20 mn; Lattice parameters, 8.0055(17) A, b = 8.6417@&,7) = 10.3601(19) Ag =
71.724(17) = 78.571(18)y = 66.82(2); V = 623.3(2) A Space group P-1; Z = 2, .R4=
1.435 glcm, Fygo= 280;A(Mo Ka) = 0.7107 A; R (+207) = 0.0820, wR= 0.2778. Detailed X-
ray crystallographic data is available from the Geadyge Crystallographic Data Centre, 12

Union Road, Cambridge CB2 1EZ, UK (for compou®dCCDC # 1052055).
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4.2.16. 2-Allyl-2-(benzylamino)-5-methoxyacenaphthylen-1(2H)-one (17a): Following the
general procedure, the reaction of 2-allyl-2-hygréxmethoxyacenaphthylen-H2-one (100.3
mg, 0.39 mmol), benzylamine (168.6 mg, 1.57 mnfobmic acid(18.2 mg, 0.39 mmol) and
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methanol (3 mL) afforded 2-allyl-2-(benzylaminoytethoxyacenaphthylen-1Q-onel7a

(94.8 mg) as light yellow semi solid in 70% vyield,:R98% Hexane/EtOAc) 0.6; IR (KBr, ¢t
3303, 3030, 2855, 1718, 1673, 1602, 1499, 14557,14284, 1238, 1152, 1078, 1024, 921, 823,
777, 698H NMR (400 MHz, CDC} + CCl; 1:1) 8.36 (dd,J = 8.2, 0.7 Hz, 1H), 7.92 (di,=
7.0, 0.7 Hz, 1H), 7.69 (td,= 7.6, 1.1 Hz,, 1H), 7.57 (d,= 7.6 Hz, 1H), 7.25-7.14 (m, 5H), 6.95
(d,J = 7.7 Hz, 1H), 5.62-5.49 (m, 1H), 5.02-4.93 (dd; 18.0, 1.4 Hz, 1H), 4.91-4.84 (diiz
10.1, 0.8 Hz, 1H), 4.05 (s, 3H), 3.37 ¢k 12.3 Hz, 1H), 3.21 (d = 12.3 Hz, 1H), 2.73-2.65
(m, 1H), 2.59-2.51 (m, 1H), 2.07 (br s, 1H) ppi€ NMR (100 MHz, CDGJ + CCL; 1:1)

209.9 (C=0), 154.7 (C), 143.2 (C), 140.4 (C), 13ZH), 131.9 (C), 131.1 (C), 128.4 (CH),
128.3 (CH), 127.8 (CH), 127.3 (CH), 127.1 (CH), B2&), 121.7 (CH), 121.6 (CH), 119.3
(CHy), 106.2 (CH), 70.5 (C), 55.8 (GH 48.5 (CH), 43.5 (CH) ppm; HRMS (ESI) calcd for

Ca3H22NO, (M + H) 344.1651, found 344.1658.

0

OMe
17b

4.2.17. 2-Allyl-2-((4-chlor obenzyl)amino)-5-methoxyacenaphthylen-1(2H)-one (17b):
Following the general procedure, the reaction aflid-2-hydroxy-6-methoxyacenaphthylen-
1(2H)-one (100.3 mg, 0.39 mmol), 4-chlorobenzylamir@2(2 mg, 1.57 mmol), formic acid
(18.3 mg, 0.39 mmol) and methanol (3 mL) affordealI@l-2-((4-chlorobenzyl)amino)-5-
methoxyacenaphthylen-1(2H)-ot@b (98.2 mg) as light yellow semi solid in 66% yield,:R
(98% Hexane/EtOAc) 0.6; IR (KBr, ¢ 3306, 3032, 2853, 1718, 1602, 1456, 1429, 1238,
1152, 1024, 923, 821, 77H NMR (400 MHz, CDC} + CCl; 1:1) 8.36 (dd,J = 8.2, 0.7 Hz,
1H), 7.92 (dd,J = 7.0, 0.7 Hz, 1H), 7.70 (td,= 7.6, 1.2 Hz, 1H), 7.52 (d,= 7.6 Hz, 1H), 7.17
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(d,J = 8.5 Hz, 2H), 7.09 (d] = 8.5 Hz, 2H), 6.94 (d] = 7.7 Hz, 1H), 5.62-5.50 (m, 1H), 4.98
(dd,J=17.0, 1.5 Hz, 1H), 4.89 (di,= 10.1, 0.9 Hz, 1H), 4.05 (s, 3H), 3.36 Jd&; 12.7 Hz, 1H),
3.17 (d,J = 12.6 Hz, 1H), 2.72-2.64 (m, 1H), 2.58-2.50 (H),11.83 ( br s, 1H) ppnt*C NMR
(100 MHz, CDC} + CCl;; 1:1)5 209.7 (C=0), 154.8 (C), 143.2 (C), 139.0 (C), 83%), 132.0
(CH), 131.8 (C), 130.9 (C), 129.7 (CH), 128.5 (CH)7.8 (CH), 127.4 (CH), 123.5 (C), 121.8
(CH), 121.7 (CH), 119.5 (CH), 106.1 (CH), 70.4 (69,8 (CH), 47.8 (CH), 43.5 (CH) ppm;

HRMS (ESI) calcd for €H2;CINO, (M + H) 378.1261, found 378.1260.
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4.2.18. 2-Allyl-2-((4-methoxybenzyl)amino)-5-methoxyacenaphthylen-1(2H)-one (17c):
Following the general procedure, the reaction aflid-2-hydroxy-6-methoxyacenaphthylen-
1(2H)-one (100.3 mg, 0.39 mmol), 4-methoxy benzylaniis.8 mg, 1.57 mmol), formic acid
(18.5 mg, 0.39 mmol) and methanol (3 mL) affordealI2l-2-((4-methoxybenzyl)amino)-5-
methoxyacenaphthylen-1{Q-onel7c (105.9 mg) as light yellow semi solid in 72% yield,:R
(98% Hexane/EtOAc) 0.5; IR (KBr, chh 3282, 3072, 3031, 2963, 2932, 2835, 1719, 1611,
1512, 1464, 1425, 1240, 1153, 1024, 922, 822, *H&IMR (400 MHz, CDC{ + CCl;; 1:1)$
8.36 (dd,J = 8.2, 0.6 Hz, 1H), 7.91 (dd,= 7.0, 0.6 Hz, 1H), 7.69 (td,= 7.7, 1.1 Hz, 1H), 7.56
(d,J=7.6 Hz, 1H), 7.08 (ddl = 6.8, 1.9 Hz, 2H), 6.96 (d,= 7.7 Hz, 1H), 6.74 (d] = 8.6 Hz,
2H), 5.61-5.49 (m, 1H), 4.97 (dd= 17.0, 1.4 Hz, 1H), 4.86 (di,= 9.6, 1.0 Hz, 1H), 4.06 (s,
3H), 3.75 (s, 3H), 3.30 (d,= 12.1 Hz, 1H), 3.15 (d = 12.0 Hz, 1H), 2.72-2.65 (m, 1H), 2.58-

2.50 (m, 1H), 2.03 (br s, 1H) ppriC NMR (100 MHz, CDG + CCl; 1:1) 209.9 (C=0), 158.8
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(C), 154.7 (C), 143.2 (C), 132.6 (C), 132.1 (CH2D (C), 131.3 (C), 129.5 (CH), 127.7 (CH),
127.3 (CH), 123.5 (CH), 121.7 (CH), 121.6 (CH), BI&H,), 113.8 (CH), 106.2 (CH), 70.5
(C), 55.8 (CH), 55.3 (CH), 47.9 (CH), 43.5 (CH) ppm; HRMS (ESI) calcd for £H»sNO3; (M

+ H) 374.1756, found 374.1759.

L
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NO,
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4.2.19. 2-Allyl-2-(benzylamino)-6-nitr o acenaphthylen-1(2H)-one (18): Following the general
procedure, the reaction of 2-allyl-2-hydroxy-5-aiicenaphthylen-1f-one (100.2 mg, 0.37
mmol), benzylamine (159.9 mg, 1.49 mmol), formiagd 7.6 mg, 0.37 mmol) and methanol (3
mL) afforded 2-allyl-2-(benzylamino)-6-nitro aceimdipylen-1(2H)-one18 (106.7 mg) as light
yellow semi solid in 88% vyield, {898% Hexane/EtOAc) 0.6; IR (KBr, ch 3325, 3078, 2925,
1729, 1663, 1625, 1528, 1458, 1428, 1334, 1258 1111, 1023, 924, 857, 801, 786, 749,
699;*H NMR (400 MHz, CDC} + CCl;; 1:1)6 8.63 (dd,J = 8.7, 0.6 Hz, 1H), 8.56 (d,= 7.7
Hz, 1H), 7.92-7.86 (m, 2H), 7.76 (@z= 6.8 Hz, 1H), 7.16-7.10 (m, 3H), 7.08-7.05 (m)2H
5.47-5.34 (m, 1H), 4.92 (dd,= 17.0, 1.2 Hz, 1H), 4.84 (di,= 9.9, 0.8 Hz, 1H), 3.35 (d,=
12.3 Hz, 1H), 3.15 (d] = 12.3 Hz, 1H), 2.71-2.63 (m, 1H), 2.59-2.51 (H),11.50 (br s, 1H)
ppm;**C NMR (100 MHz, CDGJ + CCl; 1:1) 207.8 (C=0), 147.6 (C), 142.8 (C), 140.6,(C)
139.7 (C), 137.0 (CH), 132.7 (CH), 131.0 (CH), B26CH), 128.3 (CH), 127.4 (CH), 126.9
(CH), 123.7 (C), 122.7 (CH), 120.5 (6}119.6 (CH), 71.0 (C), 48.7 (GH 43.6 (CH) ppm;

HRMS (ESI) calcd for @H1gN,0s (M + H) 359.1396, found 359.1393.
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4.2.20. (R)-2-Allyl-2-(((S)-1-phenylethyl)amino)acenaphthylen-1(2H)-one (26a) and (S)-2-

26b

allyl-2-(((S)-1-phenylethyl)amino)acenaphthylen-1(2H)-one (26b): Following the general
procedure, the reaction of 2-allyl-2-hydroxyacertaglen-1(2H)-one (200.3 mg, 0.89 mmol}
(-)-a-methylbenzylamine (433.3 mg, 3.56 mmol) and foragm (41.2 mg, 0.89 mmol) and
methanol (5 mL) afforded two chromatographicallpa®mble diastereomem)(2-allyl-2-(((S)-
1-phenylethyl)amino)acenaphthylen-#Hj2one26a (125.2 mg) as a yellow liquid an8)¢2-
allyl-2-(((9-1-phenylethyl)amino)acenaphthylen-H(2one26b (125.6 mg) as a yellow solid in
1:1 ratio in 86% yield26a: R; (98% Hexane/EtOAc) 0.7u]p>*= -39° (¢ = 1, methanol); IR
(KBr, cm™) 3324, 3066, 2924, 2858, 1720, 1610, 1539, 15061,11368, 1293, 1126, 1001,
1000, 921, 839, 781, 7021 NMR (400 MHz, CDC} + CCl;; 1:1)8 8.03 (d,J = 8.1 Hz, 1H),
7.91 (d,J = 6.8 Hz, 1H), 7.70 (] = 7.6 Hz, 1H), 7.61 (d] = 8.3 Hz, 1H), 7.21 (] = 7.6 Hz,

1H), 6.96 (d,J = 6.9 Hz, 1H), 6.94-6.89 (m, 3H), 6.77-6.74 (m)B56-5.44 (m, 1H), 4.98-4.85
(m, 2H), 3.36 (qJ = 6.6 Hz, 1H), 2.68-2.60 (m, 1H), 2.52-2.44 (m)1H20 (d,J = 6.6 Hz, 3H)
ppm; 3C NMR (100 MHz, CDGJ + CCl; 1:1) 210.1 (C=0), 146.9 (C), 141.7 (C), 139.1,(C)
132.6 (C), 132.0 (CH), 131.9 (CH), 130.6 (C), 12&8), 127.9 (CH), 127.7 (CH), 126.5 (CH),
126.4 (CH), 124.1 (CH), 122.5 (CH), 120.8 (CH), BL&H,), 70.6 (C), 54.9 (CH), 44.2 (GH
26.1 (CH) ppm; HRMS (ESI) calcd for £H2,NO (M + H) 328.1696, found 328.17126b: R¢

(98% Hexane/EtOAc) 0.5; mp 114-136; [¢]p*= -101° (c = 1, methanol); IR (KBr, ¢t
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3313, 3053, 2919, 2858, 1713, 1556, 1484, 14400 1B765, 1200, 1143, 1083, 1001, 927, 844,
793, 776, 705'H NMR (400 MHz, CDC} + CCl; 1:1)8 8.01 (dd,J = 8.0, 0.7 Hz, 1H), 7.85
(dd,J = 8.2, 0.6 Hz, 1H), 7.68 (8,= 7.6 Hz, 1H), 7.63 (dd] = 6.8, 0.7 Hz, 1H), 7.59-7.50 (m,
2H), 6.96-6.85 (m, 3H), 6.59-6.55 (m, 2H), 5.5445(¢h, 1H), 4.98-4.85 (m, 2H), 3.61 @=

6.6 Hz, 1H), 2.68-2.60 (m, 1H), 2.52-2.44 (m, 1HY6 (d,J = 6.8 Hz, 3H) ppm**C NMR (100
MHz, CDCk + CCl;; 1:1) 208.0 (C=0), 145.3 (C), 141.5 (C), 140.1,(T32.5 (C), 132.1 (CH),
131.3 (CH), 130.8 (C), 128.3 (CH), 128.0 (CH), B2(CH), 127.2 (CH), 127.0 (CH), 124.9
(CH), 121.4 (CH), 120.9 (CH), 119.6 (§H69.6 (C), 54.8 (CH), 44.3 (G} 24.9 (CH) ppm;

HRMS (ESI) calcd for gH,,NO (M + H) 328.1696, found 328.1714.

Figure 6. ORTEP diagram of3)-2-allyl-2-(((S-1-phenylethyl)amino)acenaphthylen-Hone
26b (CCDC # 1052103) with crystallographic numbering.

Crystal data for 26b: Empirical formula, GsH21NO; Formula weight, 327.41; Crystal color,
habit: colorless, rectangular block; Crystal systerthorhombic; Crystal dimensions, 0.38 x
0.16 x 0.12 mrf Lattice parameters, a = 8.8201(4) A, b = 14.1888( c = 14.6717(10) Aq =
90.00,3 = 90.00,y = 90.00; V = 1833.49(18) ASpace group P2-1; Z = 4.f4= 1.186 g/cm
Fooo= 696;A(Mo Ka) = 0.7107 A; R (+25,) = 0.0445, wR= 0.1040. Detailed X-ray
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crystallographic data is available from the Camipi€rystallographic Data Centre, 12 Union

Road, Cambridge CB2 1EZ, UK (for compowzgb CCDC # 1052103).

and
4.2.21. (5)-2-Allyl-2-(((R)-1-phenylethyl)amino)acenaphthylen-1(2H)-one (26¢) and (R)-2-
allyl-2-(((R)-1-phenylethyl)amino)acenaphthylen-1(2H)-one (26d): Following the general
procedure, the reaction of 2-allyl-2-hydroxyacertaplen-1(2)-one (200.5 mg, 0.89 mmoR-
(+)-a-methylbenzylamine (432.3 mg, 3.56 mmol) and foraga (40.3 mg, 0.89 mmol) and
methanol (5 mL) afforded two chromatographicallpa®mble diastereomer§){2-allyl-2-(((R)-
1-phenylethyl)amino)acenaphthylen-#E2one26¢ (127.9 mg) as a yellow liquid anB)¢2-
allyl-2-(((R)-1-phenylethyl)amino)acenaphthylen-H)2one26d (127.7 mg) as a yellow solid in
1:1 ratio in 88% yield26c: Ri (98% Hexane/EtOAc) 0.7¢p**= +39° (c = 1, methanol); The IR
and NMR spectral data matched waa. 26d: R; (98% Hexane/EtOAc) 0.5¢]p%*= +101° (c =

1, methanol); The IR and NMR spectral data mateiigial 26b.
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4.2.22. (R)-10-Allyl-10-(((S)-1-phenylethyl)amino)phenanthr en-9(10H)-one (27a) and (S)-
10-allyl-10-(((S)-1-phenylethyl)amino)phenanthr en-9(10H)-one (27b): Following the general
procedure, the reaction of 10-allyl-10-hydroxyphaheaen-9(1®)-one (200.1 mg, 0.79 mmol),
S(-)-a-methylbenzylamine (384.5 mg, 3.16 mmol) and foraga (36.5 mg, 0.79 mmol) and
methanol (5 mL) afforded two chromatographicallpa@ble diastereomerR)¢10-allyl-10-
(((9-1-phenylethyl)amino)phenanthren-9H)Bone27a (73.3 mg) and)-10-allyl-10-((§)-1-
phenylethyl)amino)phenanthren-9@)Pone27b (153.6 mg) as yellow liquids in 32:68 ratio in
81% yield,27a: R (98% Hexane/EtOAc) 0.7¢]p**= +3° (c = 1, methanol); IR (KBr, ch)
3346, 3070, 2924, 2852, 1683, 1609, 1449, 12716,10®1, 912, 754, 696 NMR (400
MHz, CDCL) 6 8.16 (dd,J = 7.8, 1.2 Hz, 1H), 8.02 (d,= 8.1 Hz, 1H), 7.90 (ddl = 8.0, 0.7 Hz,
1H), 7.71-7.66 (m, 1H), 7.47-7.40 (m, 2H), 7.2267(t, 1H), 7.12-7.05 (m, 3H), 7.04-7.00 (m,
2H), 6.99-6.94 (m, 1H), 5.36-5.24 (m, 1H), 4.8694(, 2H), 3.42 (¢ = 6.7 Hz, 1H), 2.52 (d,
J=7.4 Hz, 2H), 1.23 (d] = 6.7 Hz, 3H) ppm**C NMR (100 MHz, CDG) 204.3 (C=0), 146.8
(C), 139.0 (C), 137.6 (C), 134.9 (CH), 131.2 (CH30.2 (CH), 129.8 (C), 128.4 (CH), 128.2
(CH), 127.9 (CH), 127.5 (CH), 127.4 (CH), 126.9 (CH6.3 (CH), 123.2 (CH), 122.9 (CH),
119.4 (CH), 68.6 (C), 55.5 (CH), 50.4 (GM 25.5 (CH) ppm; HRMS (ESI) calcd for
CasH24NO (M + H) 354.1852, found 354.18587b: R (98% Hexane/EtOAc) 0.5¢]p*2 = -104°
(c = 1, methanol); IR (KB, cif) 3337, 3069, 2958, 2924, 2859, 1680, 1628, 1558611448,
1282, 1008, 924, 760, 70'H NMR (400 MHz, CDC} + CCl;; 1:1)5 8.04-7.94 (m, 3H), 7.75
(dd,J = 7.8, 1.4 Hz, 1H), 7.59-7.54 (m, 1H), 7.51-7.46 (H), 7.45-7.39 (m, 1H), 7.28-7.23
(m, 1H), 6.96-6.89 (m, 3H), 6.83-6.79 (m, 2H), 5208 (M, 1H), 4.75-4.65 (m, 2H), 3.68 (4,
= 6.8 Hz, 1H), 2.58-2.51 (m, 2H), 1.15 (t& 6.8 Hz, 3H) ppm*3C NMR (100 MHz, CDGJ +

CCly; 1:1) 201.7 (C=0), 145.2 (C), 140.8 (C), 136.9, (€34.3 (CH), 131.2 (CH), 131.0 (CH),
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129.6 (CH), 129.5 (C), 129.0 (CH), 127.89 (CH), BB7(CH), 127.8 (CH), 127.7 (CH), 127.5
(CH), 127.0 (CH), 123.2 (C), 122.7 (C), 119.4 ({5,+66.0 (C), 54.6 (CH), 51.5 (G} 23.8

(CH3) ppm; HRMS (ESI) calcd for £H24NO (M + H) 354.1852, found 354.1863.

4.2.23. (9)-10-Allyl-10-(((R)-1-phenylethyl)amino)phenanthren-9(10H)-one (27¢) and (R)-
10-allyl-10-(((R)-1-phenylethyl)amino)phenanthren-9(10H)-one (27d): Following the general
procedure, the reaction of 10-allyl-10-hydroxyph&haen-9(1®)-one (200.5 mg, 0.79 mmol),
R-(+)-a-methylbenzylamine (386.2 mg, 3.16 mmol) and forag (36.2 mg, 0.79 mmol) and
methanol (5 mL) afforded two chromatographicallpa®mble diastereomerS){10-allyl-10-
(((R)-1-phenylethyl)amino)phenanthren-9H)Bone27c (72.5 mg) andR)-10-allyl-10-((R)-1-
phenylethyl)amino)phenanthren-9@Bone27d (152.0 mg) as yellow liquids in 32:68 ratio in
80% vyield,27c: Rs (98% Hexane/EtOAc) 0.7u]p?*= -3° (c = 1, methanol); The IR and NMR
spectral data matched wiffa; 27d: R; (98% Hexane/EtOAc) 0.50]p%*= +104° (c = 1,

methanol); the IR and NMR spectral data matched 2vb.
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4.2.24. (R)-5-Allyl-5-(((S)-1-phenylethyl)amino)pyr en-4(5H)-one (28a) and (S)-5-allyl-5-
(((9)-1-phenylethyl)amino)pyr en-4(5H)-one (28b): Following the general procedure, the
reaction of 5-allyl-5-hydroxypyren-4£5-one (200.1 mg, 0.73 mmol;(-)-a-
methylbenzylamine (357.2 mg, 2.92 mmol) and foratd (33.2 mg, 0.73 mmol) and methanol
(5 mL) afforded two chromatographically separabésttreomersR)-5-allyl-5-(((S)-1-
phenylethyl)amino)pyren-4£)-one28a (83.3 mg) andS)-5-allyl-5-(((S)-1-
phenylethyl)amino)pyren-4£H)-one28b (115.3 mg) as yellow liquids in 42:58 ratio in 72%
yield, 28a: R; (98% Hexane/EtOAc) 0.7¢]p?*= -29° (c = 1, methanol); IR (KBr, ch 3332,
3056, 2923, 2858, 1675, 1539, 1491, 1455, 12707111726, 1069, 993, 923, 838, 758, 715;
NMR (400 MHz, CDC} + CCl; 1:1)6 8.43 (ddJ = 7.5, 1.3 Hz, 1H), 8.14 (dd,= 7.9, 1.3 Hz,
1H), 7.78-7.72 (m, 3H), 7.65 (dt= 7.9, 1.1 Hz, 2H), 7.29 (d,= 7.7 Hz, 1H), 7.02-6.97 (m,
3H), 6.95-6.90 (m, 2H), 5.30-5.18 (M, 1H), 4.8284(f, 2H), 3.48 (q) = 6.7 Hz, 1H), 2.62 (d,
J=7.2 Hz, 2H), 1.24 (d] = 6.7 Hz, 3H) ppm**C NMR (100 MHz, CDQ + CCl;; 1:1) 204.5
(C=0), 146.9 (C), 138.7 (C), 134.2 (CH), 131.7 (131.5 (C), 131.3 (CH),130.1 (C), 129.0 (C),
128.4 (CH), 128.1 (CH), 127.9 (CH), 127.3 (CH), IR{CH), 126.9 (CH), 126.8 (CH), 126.3
(CH), 126.0 (C), 125.9 (CH), 119.5 (G}69.5 (C), 55.7 (CH), 51.2 (G} 25.7 (CH) ppm;
HRMS (ESI) calcd for gH,4,NO (M + H) 378.1852, found 378.18588b: R (98%
Hexane/EtOAc) 0.5:]p?*= -144° (c = 1, methanol); IR (KBr, ch 3321, 3057, 2961, 2921,
2857, 1674, 1611, 1522, 1483, 1448, 1268, 11761,11374, 923, 836, 758, 713 NMR (400
MHz, CDCk + CClg; 1:1)5 8.23 (ddJ = 7.4, 1.2 Hz, 1H), 8.01 (d,= 7.6 Hz, 2H), 7.87 (dd] =
7.9, 1.2 Hz, 1H), 7.82-7.76 (m, 2H), 7.72 J& 8.9 Hz, 1H), 7.55 (] = 7.6 Hz, 1H), 6.80-6.71
(m, 3H), 6.66-6.61 (m, 2H), 5.12-5.00 (m, 1H), 4(&RJ = 17.0, 1.0 Hz, 1H), 4.67 (td,= 10.1,

1.0 Hz, 1H), 3.72 (q] = 6.8 Hz, 1H), 2.73-2.60 (m, 2H), 1.15 (&= 6.8 Hz, 3H) ppm**C
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NMR (100 MHz, CDC} + CClg; 1:1) 202.4 (C=0), 145.0 (C), 140.2 (C), 133.5 JCt81.8 (C),
131.16 (CH), 131.15 (C), 129.7 (C),128.4 (C), 12T8), 127.71 (CH), 127.65 (CH), 127.3
(CH), 127.1 (CH), 126.8 (CH), 126.5 (CH), 126.3 (CiH26.0 (CH), 125.7 (CH), 119.3 (GH
66.8 (C), 54.6 (CH), 52.2 (G} 23.8 (CH) ppm; HRMS (ESI) calcd for £H,4NO (M + H)

378.1852, found 378.1865.

4.2.25. (5)-5-Allyl-5-(((R)-1-phenylethyl)amino)pyr en-4(5H)-one (28c) and (R)-5-allyl-5-
(((R)-1-phenylethyl)amino)pyren-4(5H)-one (28d): Following the general procedure, the
reaction of 5-allyl-5-hydroxypyren-4£5-one (200.3 mg, 0.73 mmoR-(+)-a-
methylbenzylamine (356.8 mg, 2.92 mmol) and foratd (32.9 mg, 0.73 mmol) and methanol
(5 mL) afforded two chromatographically separabésttreomerss)-5-allyl-5-(((R)-1-
phenylethyl)amino)pyren-4£H)-one28c (83.6 mg) andR)-5-allyl-5-(((R)-1-
phenylethyl)amino)pyren-4£H)-one28d (124.9 mg) as yellow liquids in 32:68 ratio in 72%
yield. 28c: Ry (98% Hexane/EtOAc) 0.7u]p?%2= +29° (c = 1, methanol); The IR and NMR
spectral data matched wif8a. 28d: R; (98% Hexane/EtOAc) 0.5¢]p**= +144° (c = 1,
methanol); The IR and NMR spectral data matchet 28b.
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HRMS spectrum of 5-allyl-5-(butylamino)pyren-4pone (2b).
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HRMS spectrum of 2-allyl-2-(butylamino)acenaphtmyte(2H)-one (4b).
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HRMS spectrum of 2-allyl-2-(phenylamino)acenaphgiyl (H)-one (4c).
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HRMS spectrum of 2-allyl-2-hydroxy-6-methoxyacentptten-1(H)-one (5).
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HSQC spectrum of 2-allyl-2-hydroxy-6-methoxyacertagten-1(H)-one (5).

S31




o 4Lk ] s e . " L ppm
20
- 40
4 ] Eﬂ
- 80
100
Ay o 120
am [
52 = 140
# %ﬁ 160
XX
| 180
22
, - t5 200
g B 7 i) 5 4 3 2 1 0 ppm

HMBC spectrum of 2-allyl-2-hydroxy-6-methoxyacentphen-1(H)-one (5).
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'H NMR (400 MHz, CDC} + CCl,; 1:1) spectrum of 2-allyl-2-hydroxy-5-nitroacenépyien-
1(2H)-one (6).

2 MO TR gER e cala o
i ] g = P e e = | v 4
B A HEESN SRR srfe =
I R e i
1'2‘»02
210 Fam 150 18 170 b 150 11 130 120 1mne 100 =1 no o a4l a0 4an 10 Fal 13 a -10
L [P

13C NMR (100 MHz, CDGJ + CCl;; 1:1) spectrum of 2-allyl-2-hydroxy-5-nitroacenspylen-
1(2H)-one (L6).
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DEPT-135 NMR (100 MHz, CDGH CCly; 1:1) spectrum of 2-allyl-2-hydroxy-5-
nitroacenaphthylen-1(2)-one (6).
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HRMS spectrum of 2-allyl-2-hydroxy-5-nitroacenapfémn-1(2H)-one (6).
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*C NMR (100 MHz, CDQ + CCl;; 1:1) spectrum of 2-allyl-2-(benzylamino)-5-
methoxyacenaphthylen-1Q-one (7a).
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DEPT-135 NMR (100 MHz, CD@H CCl; 1:1) spectrum of 2-allyl-2-(benzylamino)-5-
methoxyacenaphthylen-1Q-one (7a).
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HRMS spectrum of 2-allyl-2-(benzylamino)-5-methoggaaphthylen-1(a)-one (7a).
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HSQC spectrum of 2-allyl-2-(benzylamino)-5-methosgmaaphthylen-1(2)-one (7a).
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HMBC spectrum of 2-allyl-2-(benzylamino)-5-methoxgaaphthylen-1(2)-one (7a).
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DEPT-135 NMR (100 MHz, CDG@H CCl; 1:1) spectrum of 2-allyl-2-((4-chlorobenzyl)am)no
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HRMS spectrum of 2-allyl-2-((4-chlorobenzyl)amin®ymethoxyacenaphthylen-12-one
(17b).
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13C NMR (100 MHz, CDGJ + CCl;; 1:1) spectrum of 2-allyl-2-((4-methoxybenzyl)amyjb-
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DEPT-135 NMR (100 MHz, CDGH CCl; 1:1) spectrum of 2-allyl-2-((4-

methoxybenzyl)amino)-5-methoxyacenaphthylenH){@ne (7c).
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HRMS spectrum of 2-allyl-2-((4-methoxybenzyl)amis®)nethoxyacenaphthylen-H2-one
(17c).
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DEPT-135 NMR (100 MHz, CDG@H CCl; 1:1) spectrum of 2-allyl-2-(benzylamino)-6-nitro
acenaphthylen-1g)-one (8).
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HRMS spectrum of 2-allyl-2-(benzylamino)-6-nitroema@aphthylen-1(2)-one (8).

S46




000—

Bl
A4

6v'C
162\
09¢1
29¢

Gee
e’
o8y
9
9%y
9
8y
9
o6y
b6y
86y
o6
056,
%557
bL9
a9
o9
169
169
269
%93
99
a_m\
61l ﬁ
1L
121
ez
5l
09
2wl
89
694
0rl
wl
161
w1
2078
y0°8

=0'¢

FLOL -

ot

Fo0't

Bre|

kol -

=961
6T

oy [

=0l

ol [

A0}
#4960

=660 [

T
0.0

T
0.5

T T
1.5 1.0

T
2.0

T T T
4.0 3.5 3.0

T
4.5

T
6.0

T
6.5

r
[10.0

2.5

5.0

5.5

7.0

7.5

8.0

"H NMR (400 MHz, CDC} + CCl; 1:1) spectrum ofR)-2-allyl-2-(((S)-1-

phenylethyl)amino)acenaphthylen-HRone @6a).

T T
9.0 8.5

T
9.5

60'9¢—

vy —

RYe—

Y90L
8L
ovLL
oyl

0v'96—

66l
180Ck
sveel
1424
Le9Cl
1§9Ch
vL LT
E.R_N
9C'8Ch
y90¢El
Liel
00°zel
yszel
cheel
S9'lyl
yoorl

6001C—

o

T T T T T T T T
170 160 150 140 130 120 110 100

T
180

3C NMR (100 MHz, CDGJ + CCl; 1:1) spectrum off)-2-allyl-2-(((S)-1-
phenylethyl)amino)acenaphthylen-HRone @6a).

T
200

T
210

T
10

T
20

T
30

T
40

T
50

T
60

T
70

T
80

T
90

S47



R OMmLNRD© oS
SBIBNH®SI I DD < = =3
AN H OIS~ ©C O NS D x N <
O M ANN NN NN NN < el =}
D B B B B B I B B ] (e} s o~
——— G ——— \ |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o
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HRMS spectrum ofRf)-2-allyl-2-(((S-1-phenylethyl)amino)acenaphthylen-#H)j2one @6a).
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x10 6 |+ Scan (0.524 min) VS-111-321(A).d

1.1
1.054
14 354.1859
0.95
0.9
0.85 S
08 ' NH o
0.751 — )
0.7 0
OO
0.6
0.554
0.5
0.45
0.4 4
0.35
0.3
0.25+
0.2
0.15
0.1

0.05 143.0014 l J 284.3312
o | Az Ll | PO A T N O L L St i S 449‘?600

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

233.0961
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SampleType Sample IRM Calibration Status Success
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HRMS spectrum ofR)-5-allyl-5-(((S-1-phenylethyl)amino)pyren-4£5-one @8a).
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HRMS spectrum of)-5-allyl-5-(((9-1-phenylethyl)amino)pyren-4£H-one @8b).
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Appendix |
Attempted synthesis of 1-hydroxy-1-allyl-2-naphtkabne by following Barton's protocol

According to the honorable referee suggestion, vemtwhrough the paper of late
Professor Barton and coworkers which appeardglihSoc Chim Fr1988, 681-687. The paper
is in French language and we got it translated siyngiweb-based resources. The authors
reported the synthesis of 1-hydroxy-1-allyl-2-ndgatnone from 1-allyl-2-naphthol by using
disodium peroxymolybdate an-chloroperbenzoic acid, but never isolated it imeptorm. In
both the instances, the authors mentioned thatdiely-1-allyl-2-naphthalenone is unstable.
Therefore they converted it into 4-nitrobenzoicdaester. In the oxidation with mCPBA the
researchers found three products out of which @uddcbe 1-hydroxy-1-allyl-2-naphthalenone.
Formation of 1-hydroxy-1-allyl-2-naphthalenone vaesiuced by comparing NMR spectrum of
the crude product with that of its ester with 4gafldenzoic acid. When we attempted the
conversion of 1-allyl-2-hydroxynaphthalene to 1-topd/-1-allyl-2-naphthalenone by employing
MCPBA we isolated epoxide, 1-(oxiran-2-ylmethyl)htqalen-2-ol as the only product (Scheme
1). Following this failure, we attempted oxidatiof 1-hydroxy-1-allyl-2-naphthalenone with
phenyla*-iodanediyl diacetate (bis(acetoxy)iodobenzene, BAThe reaction provided 1-allyl-
2-ox0-1,2-dihydronaphthalen-1-yl acetate (SchemeHgrolysis of the acetate did not yield
desired 1-hydroxy-1-allyl-2-naphthalenone. Next,twed the Voight reaction on 1-allyl-2-oxo-
1,2-dihydronaphthalen-1-yl acetate with benzyl amiformic acid, assuming that formic acid
would hydrolyze acetate into requirgdrt-alcohol and the product would undergo Voight
rearrangement. Unfortunately, this reaction did wotk; under room temperature, the starting
acetate remained more or less unchanged even2dftar At 60°C, the reaction provided an
inseparable mixture. Similarly attemptedsitu hydrolysis and the Voight reaction on 1-allyl-2-
o0xo-1,2-dihydronaphthalen-1-yl acetate with aniliaed p-toluenesulfonic acid also did not

work.

/\
OH  Allyl bromide O m-Xylene, 210 °C OH mcpea mMCPBA (1 equiv) OH
OO K2COj, acetone OO J2hes% DCM, tt, 20 min, 58% OO O‘

reflux, 12 h, 91%

Scheme 1. Attempted synthesis of 1-hydroxy-1-a|IyI-2-napidﬁrnone by following Barton's
protocol.
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OH Phl( OAc
OO AcOH rt
3h, 78%

Scheme 2. Attempted alternate synthesis of 1-hydroxy-1ieé?hnaphthalenone.

Experimental Section
Synthesis of 1-(oxiran-2-ylmethyl)naphthalen-2-ol

| 0

m-chloroperbenzoic acid (1 equiv)

OH OH
OO DCM. rt, 20 min, 58% OO

Experimental procedure: 1-Allylnaphthalen-2-ol was prepared accordingjterature
procedure (Angewandte Chemie, International Edi@6i1, 50, 5834-5838). 1-
Allylnaphthalen-2-ol (100.2 mg, 0.54 mmol) was dised in dichloromethane (DCM) and then

m-chloroperbenzoic acid (92.8 mg, 0.54 mmol) waseddahder nitrogen atmosphere and stirred
at room temperature for 20 min, and then added BZMmL) to the reaction mixture and DCM
layer was washed with ONL sodium bicarbonate solution (20 mL), brain (20 rahyl then dried
over anhydrous sodium sulfate. Then the concenticatede product was purified by column
chromatography using silica gel (60-120 mesh SRdmgbals) using increasing amounts of ethyl
acetate (5 to 10%) in hexanes to afford 1-(oxiranr2ethyl)naphthalen-2-ol (62.9 mg) as a
liquid in 58% vyield; R (90% Hexane/EtOAc) 0.5; IR (KBr, ¢ 3395, 3061, 2927, 1630, 1589,
1517, 1460, 1379, 1249, 1158, 1046, 1010, 972, 800, 750;H NMR (400 MHz, CDC4 +

CClg 1:1)6 7.79 (d,J = 8.2 Hz, 1H), 7.66 (d] = 8.7 Hz, 1H), 7.55 (d] = 8.2 Hz, 1H), 7.49-

7.42 (m, 1H), 7.33-7.27 (m, 1H), 7.09 (ts 8.0 Hz, 1H), 5.14-5.05 (m, 1H), 3.94-3.87 (m).1H
3.85-3.78 (m, 1H), 3.56-3.48 (m, 1H), 3.29-3.22 {id); **C NMR (100 MHz, CDGJ + CCl;

1:1)6 156.8 (C), 131.0 (C), 129.5 (C), 129.3 (CH), 12&#8), 126.9 (CH), 123.2 (CH), 122.8
(CH), 118.3 (C), 112.1 (CH), 84.0 (CH), 65.3 (§80.4 (CH) ppm; HRMS (ESI) calcd for
Ci3H120,Na (M + Na) 223.0730, found 223.0721.
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Attempted alternate synthesis of 1-hydroxy-1-allyl-2-naphthalenone
Synthesis of 1-allyl-2-oxo-1,2-dihydronaphthalen-1-yl acetate

Phl(OAc),
AcOH, rt

OH
OO 3h, 78%

Experimental procedure: 1-Allylnaphthalen-2-ol (98.2 mg, 0.54 mmol) wassblved in acetic
acid and then pheny®iodanediyl diacetate PhI(OAQR16.9 mg, 0.65 mmol) was added to the

reaction mixture under nitrogen atmosphere anckestiat room temperature for 3 h, until the

starting material was disappeared. Afterthat acatid was evaporated under reduced pressure
and the crude product was subjected to column cltmgmaphy using silica gel (60-120 mesh
SRL chemicals) using increasing amounts of ethgtage (5 to 10%) in hexanes to yield 1-allyl-
2-ox0-1,2-dihydronaphthalen-1-yl acetate as adiq@D1.3 mg) in 78% yield; K90%
Hexane/EtOAc) 0.5; IR (KBr, cif) 2920, 1739, 1681, 1458, 1372, 1240, 1028, 835, 681;

'H NMR (400 MHz, CDC} + CCl; 1:1)6 7.42-7.36 (m, 3H), 7.33-7.30 (m, 2H), 6.21J¢ 9.9
Hz, 1H), 5.51-5.39 (m, 1H), 5.00-4.85 (m, 2H), 2789 (m, 2H), 2.11 (s, 3H}*C NMR (100
MHz, CDCk + CCl; 1:1)5 196.9 (C=0), 169.0 (C), 144.6 (CH), 142.3 (C), .B80), 130.2

(CH), 129.5 (CH), 129.4 (CH), 128.2 (CH), 125.5 (CH25.0 (CH), 120.3 (CH), 81.5 (C), 46.3
(CH,), 20.9 (CH) ppm; HRMS (ESI) calcd for £H1505 (M + H) 243.1016, found 243.1016.

Previously, Miller and co-worked(Org. Chem1978, 43, 4441-4446) reported
unsuccessful attempt in the hydrolysis of the deegeoup in 1-allyl-2-oxo-1,2-
dihydronaphthalen-1-yl acetate to correspondinghadt We tried to hydrolyze acetate group to
the corresponding alcohol by using alternate metlsodh as BCOs/MeOH, KOH/MeOH,
NaOMe/MeOH and CuGIMeOH, but we failed to get the required hydroxyoke. Then, we
tried Voight reaction on 1-allyl-2-oxo-1,2-dihydm@phthalen-1-yl acetate with benzylamine in
the presence of formic acid in methanol and witiiremin the presence gktoluenesulfonic

acid monohydrate in toluene. In both the cases;gaetion did not work.
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DEPT-135 NMR (100 MHz, CDG@H CCl,; 1:1) spectrum of 1-(oxiran-2-ylmethyl)naphthalen-
2-ol.

Sal £
mj"\‘r':r Name :s—m 3763 Position Instrument Name Q-TOF User Name QTOF-PU\admin
i vs—m_]?s,u . InjPosition ! - ‘ SampleType Sample IRM Calibration Status Success
Data L ACQ Method Pondicherry Universi Comment VS-HSP-200.0837 Acquired Time 24-08-2015 11:13:38
x10 3 [Cpd 1: C13 H12 O2: + FBF Spectrum (0.550-0.817 min) VS-1I-376N.d Subtract ]
1.554
1.5

1.454 223.0721
(M+Na)+

|

s f
|
l

o

224.0787
(M+Na)+
|

217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234

HRMS spectrum of 1-(oxiran-2-ylmethyl)naphthaleioi2-
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'H NMR (400 MHz, CDC} + CCl; 1:1) spectrum of 1-allyl-2-oxo-1,2-dihydronaphéma1-yl
acetate.
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3C NMR (100 MHz, CDQ + CCl;; 1:1) spectrum of 1-allyl-2-oxo-1,2-dihydronapHera1-yl
acetate.
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DEPT-135 NMR (100 MHz, CDG@H CCl; 1:1) spectrum of 1-allyl-2-oxo-1,2-

dihydronaphthalen-1-yl acetate.

Position
InjPosition

Sample Name
Inj Vol
Data Filename

VS*IH-]ﬁ
=1,

VS*IH—J‘.H

ACQ Method Pondicherry Universi Comment

Instrument Name
SampleType

Q-TOF
Sample
VS-HSP-242.0943

User Name
IRM Calibration Status
Acquired Time

QTOF-PU\admin
Sucress
24-08-2015 11:20:28

x10 2
8 ]
7.75
7.5

- 7.25
7
6.75
6.5
6.25
6

(M+H)+

5.75
5.5
5.25
5
4.75
4.5
4.25
a4
3.75
3.5
3.25
3
2.75
2.5
2.25
2
1.75
1.5+
1.25
1
0.75
0.5
0.25{ -

243.1016

Cpd 1: C15 H14 O3: + FBF Spectrum (0.486-1.020 min) VS-11-373.d Subtract

236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257

HRMS spectrum of 1-allyl-2-oxo-1,2-dihydronaphthafeyl acetate.
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Appendix 11

NH,

©/3LCH3

2f S
HCOOH (1 equiv) N O B O

MeOH, reflux :/ B — g
30 h, 86%, (1:1)

ST
R CH3
13

2g
HCOOH (1 equiv)
MeOH, reflux
30 h, 88%, (1:1)

Scheme 3. Voight reaction otert-o-hydroxy ketone present on acenaphthylene m8tifith

chiral aminegf-g to correspondingert-a-amino ketoneg6a-d.

The product as given in Scheme 3 is a mixture astdreomers. We separated the
diasteromeric mixture into optically active terfiar-amino ketones. Removal of the chiral
auxiliary (ethylbenzene moiety) will provide optilyaactive primary amino ketone. But, in
tertiary-a-amino ketones lik@6 there are multiple benzylic C-N bonds as wellagsléyl group,
all of which are prone for reduction / reductiveatage under hydrogenation with palladium
catalysts. Still, we attempted reductive removattbfyloenzene moiety selectively by
hydrogenolysis using Pd/C (10%) or Pd(@8)(20%). In both the instances, we isolated the
double bond reduced product (allyl to propyl) witheeductive cleavage ofmethylbenzyl
group. At higher pressures (300 psi) the reactrowiged an inseparable mixture.
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Synthesis of (9)-2-(((S)-1-phenylethyl)amino)-2-propylacenaphthylen-1(2H)-one

M S M S
e e
o | o
- g Pd(OH)z/C, H2, 70 psi g
= I

Experimental procedure: (9-2-allyl-2-(((S)-1-phenylethyl)amino)acenaphthylen-HR2one

(100.1 mg, 0.31 mmol) was taken in a hydrogenalissolved in methanol (5 mL) and then 20%
Pd(OH)/C (4.2 mg, 0.03 mmol) was added. The reactiondeae at 70 psi for 12 h. After
completion of starting material in the reaction tane, filter the Pd/C through celite and
concentrated the mother liquor. Then the cruddybwas subjected to column
chromatography using neutral alumina using hexareduent to affordgj-2-(((S-1-
phenylethyl)amino)-2-propylacenaphthylenij2one (78.2 mg) aa semi solid in 78% vyield,R
(98% Hexane/EtOAc) 0.7p]p*?= -85° (c = 1, methanol); IR (KBr, cfy 3443, 2955, 2928,
2865, 1721, 1603, 1457, 1377, 1263, 1072, 1026, B/, 700;H NMR (400 MHz, CDC} +
CClg; 1:1)6 8.02 (ddJ = 8.0, 0.8 Hz, 1H), 7.85 (d,= 8.0 Hz, 1H), 7.73-7.68 (m, 1H), 7.63 (d,
= 8.0 Hz, 1H), 7.59-7.52 (m, 2H), 6.95 (b5 7.2 Hz, 1H), 6.91-6.86 (m, 2H), 6.59 (ds 7.2

Hz, 2H), 3.61 (gJ = 6.6 Hz, 1H), 2.21 (s, 1H), 1.99-1.86 (m, 2H}51.(d,J = 6.6 Hz, 3H), 0.92-
0.71 (m, 2H), 0.71 (tJ) = 7.2 Hz, 3H) ppm*3*C NMR (100 MHz, CDJ + CCl;; 1:1) 209.3
(C=0), 145.5 (C), 141.8 (C), 140.5 (C), 132.8 (131.3 (CH), 130.6 (C), 128.4 (CH), 127.9
(CH), 127.8 (CH), 127.1 (CH), 126.8 (CH), 124.7 (C#H21.0 (CH), 120.6 (CH), 70.2 (C), 54.7
(CH), 42.5 (CH), 24.9 (CH), 17.2 (CH), 14.5 (CH) ppm; HRMS (ESI) calcd for £H24NO

(M + H) 330.1852, found 330.1854.
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'H NMR (400 MHz, CDC} + CCL; 1:1) spectrum of$-2-(((S-1-phenylethyl)amino)-2-
propylacenaphthylen-1kd-one.
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3¢ NMR (100 MHz, CDQ + CCl;; 1:1) spectrum of$)-2-(((9-1-phenylethyl)amino)-2-
propylacenaphthylen-1kD-one.
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DEPT-135 NMR (100 MHz, CDGH CCly; 1:1) spectrum of)-2-(((S)-1-phenylethyl)amino)-
2-propylacenaphthylen-1B-one.

Sample Name VS-111-389 Position Instrument Name Q-TOF User Name QTOF-PU\admin
Inj Vol b ¢ InjPosition SampleType Sample IRM Calibration Status Success
Data Filename VsS-I11-389.d ACQ Method Pondicherry Universi Comment VS-HSP-329.1780 Acquired Time 24-08-2015 11:23:46

x10 5 [Cpd 1: ©C23 H23 N O: + FBF Spectrum (0.481-0.514, 0.981-1.464 min) VS-111-389.d Subtract
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HRMS spectrum of)-2-(((S-1-phenylethyl)amino)-2-propylacenaphthylenHjzne.
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