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Abstract

An efficient one-pot synthesis of functionalizedaathntylaziridines by aza-Michael initiated

ring closure (aza-MIRC) reaction of 1-aminoadamaataith a-halogenated Michael acceptors

is described. The reaction goes through an azaddichntermediate that undergoes an
intramolecular nucleophilic substitution. Expectediigh pressure exerts a beneficial influence
in the case of sterically hindered reagents.
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Introduction

Nitrogen-bearing heterocycles are structural fragiwéound in a large variety of natural
products and drugs, explaining why they are reghesdeprivileged pharmacophores. Aziridines
are no exception and possess pronounced biologici#ities such as antibacterial, anti-
inflammatory and cytostatic properties have beedesnced for structures exhibiting this pattern.
These three-membered aza-heterocyclic systemdsar&raown to undergo relatively facile ring
opening, a reaction that can pave new routes towardplex polyfunctional natural and
biologically active compounds?

On the other hand the adamantyl moiety, and iniquéar the 1l-aminoadamantane
(amantadine), is found in several modern dfugsssessing anti-vifaland anti-diabetic
properties, generally mediated by their channetity activities> Those are also used for
treating neurodegenerative diseases such as Alehsimnd Parkinson's diseas&herefore,
one can expect that the fragment-based combinafiadamantane and aziridine moieties would

provide derivatives exhibiting new biological adiies.
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Figure 1. Some 1l-aminoadamantane and aziridine-derivedtiveacompounds.

The potential displayed by these pharmacophoremmiex us to explore new routes
toward compounds bearing both the aminoadamanty/laairidine moieties. To the best of our
knowledge, only one approach to such derivativesten reported bjohnston and co-authors
who showed that the addition of electron-rich azigeluding adamantyl azide to methyl vinyl
ketone gives acetyl aziridines in good yield undgatively mild condition§. One of the most
convenient and general ways toward aziridine daviea is the domino-reaction of primary
amines as 1,1-binucleophiles with activated oletinataining a good leaving group at the
position. In this case, an aza-Michael reaction takes plazemediately followed by a

cyclization triggered by an intramolecular nucledipfsubstitution (Scheme 1).

Scheme 1. Domino-assembly of the aziridine core
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However, such a strategy does not seem to be ajpgpwhen it comes to
adamantylamine that can be regarded as an excalhyitlky nucleophile. Herein, we describe
the synthesis of adamantylaziridine derivativesetdasn the addition of 1-aminoadamantane

onto various halogen-bearing Michael acceptors.



Resultsand discussion

The simplest access to the target compounds cbugdite a tandem sequence involving a
conjugate nucleophilic addition of aminoadamantiiewed by an intramolecular substitution
of a halogen leaving group. However, reaction gy cumbersome nucleophile with Michael
acceptors bearing substituents in thand/or3 positions could appear mostly unrealistic since
the aza-Michael reaction is known to be hamperesuaj substitution patterid? We thus first
examined the reaction of 1-aminoadamantane witkraéwion-halogenated Michael acceptors,
supposed to be more responsive partners.

Indeed, the activated alkents c containing a terminal double bond react readilghvi-
aminoadamantane to give the expected addets (Table 1, entries 1-3). The nature of the
activating group does not affect the selectivity afficiency of the addition process: in all cases
the reaction proceeds at room temperature andtisaauhe formation of the 1,4-adducts in high

yields.
Table 1. Conjugate addition of 1-aminoadamantane to Micheeeptors
2 1 2
R R R
MeOH EWG
Rl J\/EWG + AdNH, —_— AdNH></
la-f 2a-d
Entry Michael acceptor Conditions Product,
R! R? EWG (Yield, %)
1 la H H COMe rt, 17 h 2a (79)
2 1b H H CN rt, 17 h 2b (82)
3 1c H H SOPh rt, 17 h 2c (92)
4 1d Me H COMe rfx, 17 h 0
5 1d Me H COMe rt, 10 kbar, 17 h 2d (28)
6 le Me Me CQOMe rt, 10 kbar, 24 h trac&s
7 1f Ph H C(O)Me rt, 10 kbar, 24 h 0

3 |solated yield” Starting estete was recovered only.

Unlike methyl acrylatela, the homologous methyl crotonatel, bearing an internal
double bond, does not react with 1-aminoadamantader classical conditions and the starting
materials were recovered after reflux in methamwl X7 hours. High pressure (>10 kbar) is
known to overcome the lack of reactivity of stellicdindered substrates, particularly for this
addition reactiont®*! Expectedly, the hyperbaric (10 kbar) reaction wirmadamantane with
methyl crotonateld proceeds at room temperature and gives adgtljdaowever in a low 28%

yield (Table 1, entry 5). This result remains womtbiting since it provides a particularly bulky
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secondary amine surrounded by quaternary and riersabstituents. Unfortunately, the
incorporation of a second methyl group at fReosition (methyl senecioatie) or the presence
of a terminal aromatic substituent (benzylideneawetf) prevents the amine addition, even
under high pressure (Table 1, entries 6, 7).

We further pursued this study resorting to halogemhalectron-deficient alkenés In
this case, the presence of a chloro or a bromo aitonthe a-position increases the
electrophilicity of thep-sp> carbon atom and is, therefore, expected to faker donjugate
addition. Moreover, these halides behave as goadrlg groups and are thus anticipated to
favor the intramolecular nucleophilic substitution.

Initial experiments were run at atmospheric pressuWe observed that 1-
aminoadamantane, similarly to other primary aminadds efficiently to the halogenated
activated terminal double bond 8a-c. Thus, the alkenes bearing methoxycarbo8g),(acetyl
(3c), or cyano group3p) gave the target aziridinés-c in high yields, however the presence of
additional base was required {Ht Table 2, entries 1-3). The reaction proceeddyeassprotic
solvents at room temperature. In contrast to satestBa-c, the reaction of bromosulford
with the amine stops at the aza-Michael adduable 2, entry 4), and all attempts to perform
the ring-closure reaction in a separate step faild¢dis case.

To our delight, methyb-chlorocrotonatee gives the expected aziridided in good yield
under classical conditions, similarly to unsubséitlacrylates (Table 2, entry 5). The use of
bromine, that has a much weaker electron withdrgwiifiect and a higher steric hindrance than
chlorine, results in a substantial decrease oftiggc 1-aminoadamantane does not add to
methyl a-bromocrotonat&f under the conditions used for terminal alkenebl@, entry 7). It
was shown earlier that the hyperbaric synthesiszifidinecarboxylates is easily carried out
from p,p-disubstituted bromoacrylates provided that thenasiiare sufficiently basic and their
nitrogen atom is sterically availabl®Comparably, the treatment of mettaybromocrotonat&f
with adamantylamine under 6 kbar forms aziridbee (Table 2, entry 6), as a single syn-
diastereomervde infra). The moderate yield (44%) of aziridinecarboxylatehis case can be
explained by the occurrence of the competitive Bkehael addition of methanol (used as
solvent), giving adduc6a in 32% yield (Scheme 2). Attempts to avoid thidesreaction by
replacing methanol (or ethanol) by non-nucleophdicohols (isopropanol otert-butanol)
remained unsuccessful due to the low solubilityhefinitial amine in these solvents. Pleasingly,
the 3-bromo-4-phenylbut-3-ene-2-08g, absolutely inactive toward amirfe under classical
conditions, gives, under high pressure, aziridbee (39% vyield, again as a single syn-

diastereomer) along with 12% of oxa-add6ict(Table 2, entries 8, 9; Scheme 2). NMR spectra
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of the crude mixtures suggest théadb are formed as an almost equimolar mixture of

diasteromers.

Table 2. Aziridination of Michael acceptors with 1-amin@awantane

RZ

R! R

AdNH, Et;N EWG
le\(EWG AdNHX( =We ?‘ R\
|
X X Et,N - HX Ad
3a-h 4 5a-e
Entry Michael R* R* X EWG Conditiong’ Product
acceptor (yield,%)"
1 3a H H Cl COMe  MeOH, EtN, rt 5a (67)
2 3b H H Cl CN EtOH, EfN, rt 5b (58)
3 3c H H Br C(O)Me MeOH, BN, rt 5¢ (82)
4 3d H H Br SQPh EtOH, EiN, rt 4 (81)
5 3e Me H Cl COMe  MeOH, EtN, rt 5d (67)
6 3f Me H Br CQOMe MeOH, E&N, rt, 6 kbar 5d (44) + 6a (32)
7 3f Me H Br COMe EtOH, EtN, rt no reaction
8 39 Ph H Br C(O)Me  MeOH, rt, 10 kbar 5e (39) + 6b (12)
9 39 Ph H Br C(O)Me MeOH, BN, rfx no reaction
10 3h Me Me Br CQEt  EtOH, rt, 10 kbaf 7 (38)

2 The reaction time is 17 Ajsolated yield® The reaction time is 24 h.

Scheme 2. Competitive oxa-Michael reaction

OMe
12 EWG 10 kbar
R /\( + MeOH ———— > ) EWG
Br
Br
3f.g 6a,b

6: Rt = Me, EWG = CO,Me (a);
Rl = Ph, EWG = C(O)Me (b)

Finally, we carried out the reaction @fg-disubstituted bromoacrylat8h with 1-
aminoadamantane. To avoid the transesterificationgss ethanol was used as solvent. But the
only isolated product turned out to be endaf88% vyield). Its formation can be easily explained
by an initial double bond migration and subsequeetustitution of the allylic bromine (Scheme
3). Similar transformations proceeding in the pneseof strong bases are well kno%©One can
speculate that the increase of acidity of the medhylic protons under high pressure triggers

the double bond migration under the influence @raadntylamine.



Scheme 3. Reaction of 2-bromo-3-methyl butenodtewith 1-aminoadamantane

AdNH
)\(COZEt 2 J\(COZEt )J\(COZEt

Br Br NHAd
3h 7

The'H NMR spectra of aziridineSa-e exhibit the sharp, well-resolved, signals of three
membered ring. Thus, tHd constants of all aziridine protons could be meawyith accuracy.
Completed with 2D (NOESY) NMR spectra 6b-c, these data allowed us to determine
unambiguously the relative configuration betweentqms 2 and 3. Th& for cis-aziridine ring
protons reach 6.2-6.6 Hz while these values arevkno be in the 2.6-2.8 Hz range foans-
2,3-protons? On these bases, the 2j3- configuration was assigned to aziridingd,e.
Moreover, we have measured the direct coupling teats J(CH) for both methine and
methylene aziridine groups running 2D HSQC expenitsie Indeed, these values display
pronounced stereospecific dependence on the nitrtigee pair arrangemefit. Typically, the
difference between thgd (CH) values for the CHmoiety reaches 13-15 Hz: th&(CH) values
for the cis- andtrans-protons belonging to the methylene group of amada are 179.7 and
165.4 Hz, respectively. This result comes to fgliypport our conclusions on the stereochemistry

of the aziridine$ (Figure 2).

NOE

U(CH) =1779Hz H ®)
J(C,H) =165.4 Hz H QI\al H _(CH) =167.3 Hz
NOE l‘ NOE

Figure 2. Key NOE interactions and coupling constants tampoundsc



This stereospecificity suggests that the protonataf the aza-Michael enolate
intermediate occurs in an intermolecular fashione Welieve that the ammonium resulting
directly from the addition is deprotonated by thethylamine in the medium and that the
resulting EANH" acts in turn as the protonating agent for thearolThese preliminary steps are
then followed by a rotation putting the leaving gpanti to the amino appendage, allowing the
final formation of aziridines5 by an intramolecular &2 that accounts for the observed
stereoselectivity (Scheme 4).

Scheme 4. Stereoselective formation of the aziridises

o
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Finally, aziridines, by contrast to other cycliciaes, usually exhibit a barrier to nitrogen
inversion. Thereforea priori the target aziridines can exist as a mixture af imvertomers? In
this case, the large low-resolved signals of botlreitomers in solution at room temperature
should be observed in bothl and**C NMR spectra. Only sharp signals were observeithén
NMR spectra of adamantylaziridinégs suggesting the absence of this inversion due ¢o th
presence of the bulky-substituent, acting as a conformational anchor.

In conclusion, we have shown that the aza-Miclzaklition, under both classical and
hyperbaric conditions, followed by intramolecularcteophilic substitution, allows an efficient
and facile access to adamantylaziridines in onp #tem adamantylamine and standard
halogenated Michael acceptors. The reaction preceédoom temperature, without catalyst,
leading to the expected heterocycles in good vyieltie high-pressure activation reveals itself,
once more here, as a precious tool to overcomadberse effect of bulkiness in the aza-Michael

addition.



Experimental

General remarks. *H, **C, and®™N NMR spectra were recorded on a Bruker AVANCE 400
MHz (at 400, 100, and 40 MHz, respectively) andk@uAVANCE 300 MHz (at 300 and 75
MHz, respectively) spectrometers for solution in@§ Chemical shiftsd) in ppm are reported
using residual chloroform (7.24 fdH and 77.2 for*C) as internal reference. The coupling
constants J) are given in Hertz. The concerted application ‘8E'H 2D homonuclear
experiments COSY and NOESY as well *a5'°C 2D heteronuclear experiments HSQC and
HMBC were used for the distinction of the carboml gmoton resonances in all cases. The IR
spectra were measured with Bruker Vertex 70 FT-iRl @ortable Varian 3100 diamond
ATR/FT-IR instruments. The GC/MS analyses wereqrered on a Hewlett-Packard HP 5971A
instrument (El, 70 eV). The silica gel used forsHachromatography was 230-400 Mesh. All
reagents were of reagent grade and were used hsulistilled prior to use. All the solvents
were dried according to standard procedures arstliredistilled prior to use. Haloderivatives
3a,b are commercial. 3-Bromobut-3-ene-2-o8e was prepared as reported previodgly.

Bromovinyl phenyl sulfon&d was prepared according to the known procedfure.

General procedurefor thereaction of Michael acceptors (1a-c) with adamantylamine

The mixture of 1-aminoadamantane (151 mg, 1 mmud) Michael acceptorlé-c) (2 mmol) in
solvent (2 mL) was stirred at room temperature férh. The crude product was purified by
column chromatography (Silica gel, chloroform/meiha9/1 (for2a,c); and 95/5 (for2b)). The
following compounds were prepared according to phicedure.

Methyl 3-(adamantan-1-ylamino)propionate 2a. Yellow oil (187 mg, 79%fH NMR (CDCl,

300 MHz):6 1.25 (br.s, 1H, NH), 1.48-1.60 (m, 12H, Ad), 1385 (m, 3H, Ad), 2.42 () =

6.0 Hz, 2H, CHCO), 2.80 (tJ = 6.0 Hz, 2H, CHN), 3.61 (s, 3H, Ch); *C NMR (CDCE, 75

MHz): 6 29.6, 36.8, 42.7, 50.4 (Ad), 35.7 (gED), 36.0 (CHN), 51.5 (CH), 173.4 (C=0). IR
(cm™): v 1738 (C=0), 3317 (NH). HRMS (ESI, m/z) calcd fors8sNO, 237.1729; found
237.1728.

3-(Adamantan-1-ylamino)propionitrile 2b. White solid (168 mg, 82%). m.p. = 48 °C. L't 48
°C.’H NMR (CDCk, 400 MHz):6 1.00 (br.s, 1H, NH), 1.50-1.70 (m, 12H, Ad), 2(@t.s, 3H,
Ad), 2.40 (t,J = 6.8 Hz, 2H, CHCN), 2.83 (t,J = 6.8 Hz, 2H, CkN); *C NMR (CDCE, 100
MHz): § 20.3 (CHCN), 29.5, 36.6, 42.8, 50.7 (Ad), 36.8 (¥, 119.0 (CN). IR (cil): v 2247
(CN), 3310 (NH). MS (EIz (relative intensity): m/z (%): 204 (17,") 164 (50), 147 (69),
135 (62), 106 (100), 79 (21). Calcd forsB20N2: C 76.42; H 9.87; N 13.71. Found: C 76.46; H
9.87; N 13.81.



Adamantan-1-yl-(2-benzenesulfonylethyl)amine 2c. Colorless oil (294 mg, 92%fH NMR
(CDCls, 400 MHz):6 1.36 (br.s, 1H, NH), 1.50-1.68 (m, 12H, Ad), 1285 (m, 3H, Ad), 2.87-
3.00 (m, 2H, CHN), 3.12-3.37 (m, 2H, C}$0O,), 7.42-7.50 (m, 2H, Ar), 7.60-7.68 (m, 1H, Ar),
7.85-7.95 (m, 2H, Ar)**C NMR (CDCE, 100 MHz):6 29.6, 36.7, 42.6, 50.8 (Ad), 34.6 (M),
57.6 (CHSO,), 128.1, 129.4, 133.8, 139.6 (Ph). IR {(Bmv 1143, 1307 (S€), 3317 (NH). MS
(El) m/z (relative intensity): m/z (%): 319 (6, ) 263 (24), 262 (100), 177 (67), 135 (57), 120
(82), 93 (46), 77 (74). Calcd for;£,5sNO,S: C 67.68; H 7.89; N 4.38; S 10.04. Found: C 67.44
H 7.90; N 4.31, S 9.78.

Methyl 3-(adamantan-1-ylamino)butanoate 2d: The mixture of aminoadamantane (151 mg, 1
mmol), and methyl crotonate (200 mg, 2 mmol) inmaebl (1.0 mL) was placed in a Teflon
reaction vessel and pressurized to 10 kbar at teomperature for 17 h. After that, the pressure
was released and the mixture was concentiat@dcuo. The crude produ@d was purified by
column chromatography (Silica gel, eluent Etheglo@less oil (70 mg, 28%JH NMR (CDCk,
300 MHz):6 0.97 (br.s, 1H, NH), 1.08 (d,= 6.4 Hz, 3H, CHC), 1.50-1.63 (m, 12H, Ad), 1.98-
2.03 (m, 3H, Ad), 2.26 (ddl = 15.1, 6.1 Hz, 1H, CH), 2.36 (dd,J = 15.1, 6.4 Hz, 1H, C}),
3.24-3.35 (m, 1H, CH), 3.63 (s, 3H, @H"*C NMR (CDCk, 75 MHz):5 25.0 (CH), 29.8, 36.8,
43.2, 51.2 (Ad), 43.2 (Chl, 45.3 (CH), 51.5 (CED), 173.0 (C=0). IR (cif): v 1732 (C=0),
3319 (NH). HRMS (ESI, m/z) calcd fori§H26NO, 252.1964; found 252.1962.

General procedurefor the synthesis of aziridines (5a-f) and aza-adduct 4:

Under classical conditions. The mixture of 1-aminoadamantane (151 mg, 1 mnidighael
acceptor 8a-€) (2 mmol), and triethylamine (111 mg, 1.1 mmol}ie corresponding solvent (2
mL) was stirred at room temperature for 17 h. Tthenmixture was concentratédvacuo. The
crude product was purified by column chromatografByica gel, chloroform/methanol 98/2
(for 4); 9/1 (for5a), 95/5 (forbc), ether (forsd); or Al,Os, chloroform (for5b)). The following

compounds were prepared according to this procedure

Methyl (1-adamantan-1-yl)aziridine-2-carboxylate 5a. Light yellow oil (158 mg, 67%)™H
NMR (CDCh, 400 MHz):6 1.40-1.60 (m, 12H, Ad), 1.86 (dd,= 2.8, 1.3 Hz, 1H, C}), 1.92
(dd,J = 6.3, 1.3 Hz, 1H, C}), 1.97-2.05 (m, 3H, Ad), 2.39 (dd,= 6.3, 2.8 Hz, 1H, CH), 3.65
(s, 3H, CH); 1*C NMR (CDCE, 100 MHz):6 26.2 (CH), 28.9 (CH), 29.4, 36.6, 40.0, 53.5 (Ad),
52.2 (CH), 172.5 (C=0)>N NMR (CDCk, 40 MHz):6 -332.4. IR (cri1): v 1732 (C=0). MS
(El) mvz (relative intensity): m/z (%): 235 (7, 136 (12), 135 (100), 107 (15), 93 (23), 79
(28), 41 (21). Calcd for GH21NO,: C 71.46; H 8.99; N 5.95. Found: C 71.49; H 8194.97.



(1-Adamantan-1-yl)-aziridine-2-carbonitrile 5b. White solid (119 mg, 58%), m.p. 48-49 °C.
'H NMR (CDCk, 400 MHz):5 1.40-1.69 (m, 12H, Ad), 1.95-2.05 (m, 2H, §H2.02-2.10 (m,
3H, Ad), 2.24-2.29 (m, 1H, CH}*C NMR (CDCk, 100 MHz):8 15.5 (CH), 26.4 (CH), 29.4,
36.5, 39.8, 53.8 (Ad), 119.9 (CN). IR (&nv 2245 (CN). MS (El)z (relative intensity): m/z
(%): 319 (6, M), 263 (24), 262 (100), 177 (67), 135 (57), 120)(8B (46), 77 (74). Calcd for
CisHigNo: C 77.18; H 8.97; N 13.85. Found: C 76.86; H 8193;3.83.

1-(1-Adamantan-1-yl-aziridin-2-yl)ethanone 5¢.2 White solid (180 mg, 82%), m.p. 48-49 °C.
'H NMR (CDCk, 400 MHz):6 1.45-1.56 (m, 9H, Ad), 1.57-1.67 (m, 3H, Ad), 1@H,J = 2.7,
1.3 Hz, CH, CH), 1.96-2.00 (m, 1H, C}), 1.99 (s, 3H, Ch), 2.00-2.07 (m, 3H, Ad), 2.41 (dd,

= 6.7, 2.7 Hz, 1H, CH)**C NMR (CDC}, 100 MHz):5 24.8 (CH), 26.9 (CH), 29.5, 36.8, 40.3,
53.4 (Ad), 36.7 (CH), 209.4 (C=0O)°N NMR (CDCk, 40 MHz): 6 -320.2. IR (crit): v 1700
(C=0). MS (El)nVz (relative intensity): m/z (%): 219 (4, 178 (16), 135 (100), 93 (10), 79
(31), 67 (14), 41 (22). Calcd for;£H21NO: C 76.67; H 9.65; N 6.39. Found: C 76.31; H 9186
6.24.

Methyl (1-adamantan-1-yl)-3-methylaziridine-2-carboxylate 5d. Colorless oil (167 mg,
67%)."H NMR (CDCk, 300 MHz):6 1.18 (d,J = 5.5 Hz, 3H, CHCH), 1.37-1.70 (m, 13H, Ad),
1.97-2.10 (m, 3H, Ad), 2.18-2.26 (m, 1H, CHgH2.47 (d,J = 6.6 Hz, 1H, CHC=0), 3.68 (s,
3H, CH0); *C NMR (CDCk, 75 MHz): 0 14.5 (CHC), 29.4, 38.8, 40.1, 53.5 (Ad), 32.7
(CHCHg), 34.3 (CHC=0), 52.0 (C¥D) 171.5 (C=0). IR (cf): v 1748 (C=0). HRMS (ESI,
m/z) calcd for GsH24NO, 250.1807; found 250.1806.
Adamantan-1-yl-(2-benzenesulfonyl-2-bromoethyl)amine 4: Yellow oil (324 mg, 81%)!H
NMR (CDCk, 400 MHz):6 1.30 (br. s, 1H, NH); 1.50-1.69 (m, 12H, Ad); 2.@8.s, 3H, Ad);
3.10 (dd,J = 13.3, 8.4 Hz, 1H, C§); 3.50 (ddJ = 13.3, 4.4 Hz, 1H, C}); 4.80 (ddJ=8.4, 4.4
Hz, 1H, CH); 7.54-7.58 (m, 2H,¢8s); 7.65-7.70 (m, 1H, Hs); 7.92-7.95 (m, 2H, §s); °C
NMR (CDCk, 100 MHz):6 29.5, 36.5, 42.8, 50.9 (Ad); 42.4 (C-N); 66.7 (5-829.1, 129.9,
134.6, 135.9 (gHs). IR (cmi'): v 1150, 1310 (S€); 3325 (N-H). MS, (El)m/z (relative
intensity): m/z (%): 399 (1, K+ 1); 297(1, M - 1); 342 (18); 340 (18); 164 (100); 135 (95).
Calcd. for GgH24BrNO,S: C 54.27; H 6.07; N 3.52; S 8.05. Found: C 54H4.21; N 3.55; S
7.94.

Under high pressure: The mixture of 1-aminoadamantane (151 mg, 1 mnhighael acceptor
(3f-h) (2 mmol), and triethylamine (111 mg, 1.1 mmolswivent (2 mL) was placed in a Teflon
reaction vessel and pressurized to 10 kbar at teomperature for the corresponding time. After

that, the pressure was released and the mixturecarasentratedn vacuo. The crude product
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was purified by column chromatography (Silica gentane/ether, 9/1 (fdd, 6a, 7), 7/3 (for
5e, 6b), The following compounds were prepared accortintpis procedure.

1-(1-Adamantan-1-yl)-3-phenylaziridin-2-yl)ethanone 5e: Colorless oil (115 mg, 39%}H
NMR (CDCls, 300 MHz):6 1.50-1.70 (m, 12H, Ad), 1.56 (s, 3H, ©@H2.00-2.15 (m, 3H, Ad),
2.79 (d,J = 6.4 Hz, 1H, CHC(0)), 3.38 (d,= 6.4 Hz, 1H, CHPh), 7.15-7.27 (m, 3H, Ph), 7.34-
7.38 (m, 2H, Ph)**C NMR (CDCE, 75 MHz):6 28.3 (CH), 29.5, 36.8, 40.4, 53.4 (Ad), 40.6
(CHPh), 44.6 (CHC(O)), 127.4, 128.2, 128.3, 1368)( 208.6 (C=0). IR (cih): v 1699 (C=0).
HRMS (ESI, m/z) calcd for £gH6NO 296.2014; found 296.2010.

Methyl 2-bromo-3-methoxybutanoate 6a: Dark brown oil (68 mg, 32%). (53:47) Mixture of
two diastereomerdajor isomer: *H NMR (CDCk, 300 MHz):6 1.26 (d,J = 6.2 Hz, 3H, CH),
3.34 (s, 3H, CHD), 3.60-3.75 (m, 1H, CHBr), 3.77 (s, 3H, €»C(0)), 4.32 (dJ = 6.5 Hz, 1H,
CH); °C NMR (CDCE, 75 MHz):6 16.4 (CH), 48.2 (CHBr), 53.0 (CED), 57.4 (CHC(0)),
77.3 (CHO), 168.8 (C=OMinor isomer: *H NMR (CDCk, 300 MHz):6 1.33 (d,J = 6.2 Hz,
3H, CHs), 3.10 (s, 3H, CkD), 3.60-3.75 (m, 1H, CHBr), 3.77 (s, 3H, €MC(0)), 4.18 (dJ =
8.3 Hz, 1H, CH );®*C NMR (CDCk, 75 MHz):d 16.7 (CH), 49.9 (CHBr), 53.1 (CkD), 57.5
(CHsC(0)), 77.5 (CHO), 169.5 (C=0). IR (¢t v 1743 (C=0). HRMS (ESI, m/z) calcd for
CeH11BrO3 211.9892; found 211.9898.

3-Bromo-4-methoxy-4-phenylbutan-2-one 6b: Pale yellow oil (31 mg, 12%). (51:49) Mixture
of two diastereomerddajor isomer: *H NMR (CDCk, 300 MHz):6 2.37 (s, 3H, CEC(0)), 3.18
(s, 3H, CHO), 4.43 (dJ = 7.6 Hz, 1H, CH), 4.55 (d, = 7.6 Hz, 1H, CHBr), 7.25-7.40 (m, 5H,
Ph); **C NMR (CDCE, 75 MHz): 6 28.6 (CHC(O)), 57.3 (CHO), 57.7 (CHBr), 84.1 (CHO),
128.1, 128.9, 129.1, 137.3 (Ph), 201.1 (C=Kdnor isomer: *H NMR (CDCk, 300 MHz): 5
2.15 (s, 3H, ChBIC(0O)), 3.26 (s, 3H, C§D), 4.23 (d,J = 9.5 Hz, 1H, CH), 4.52 (dl = 9.5 Hz,
1H, CHBr), 7.25-7.40 (m, 5H, PhY’C NMR (CDCk, 75 MHz): § 26.8 (CHC(O)), 54.4
(CH30), 57.6 (CHBr), 82.7 (CHO), 127.9, 128.7, 129.37.2 (Ph), 201.0 (C=0). IR (€h v
1720 (C=0). HRMS (ESI, m/z) calcd for {81,4BrO, 258.0106; found 258.0106.

Ethyl (1-adamantan-1-ylamino)-3-methylbut-3-enoate 7: Colorless oil (105 mg, 38%JH
NMR (CDCls, 300 MHz):6 1.26 (t,J = 7.2 Hz, 3H,_ CHCH,), 1.47-1.70 (m, 12H, Ad), 1.77 (s,
3H, CHs), 1.81 (s, 1H, NH), 2.00-2.05 (m, 3H, Ad), 3.90 181, CH), 4.17 (qJ) = 7.2 Hz, 2H,
CHy), 4.84-4.87 (m, 1H, Chf), 4.93-4.96 (m, 1H, Ck); *°C NMR (CDC}, 75 MHz):6 14.3
(CHsCHy), 20.0 (CHC), 29.8, 36.7, 43.1, 51.2 (Ad), 59.3 (CH), 61.H{Z 112.9 (CH=), 144.7
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(=C), 175.2 (C=0). IR (cf): v 1736 (C=0), 3327 (NH). HRMS (ESI, m/z) calcd for8,NO,
278.2120; found 278.2114.
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