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NH Ph
1.05 equiv
d ph)J\ph N)\Ph 1.2 equiv KOtBu N:<Ph
XWCOOR 1.05 equiv EtzN XWCOOR 0-0.1 equiv Nal Ph
COOR  neat, r.t.-60 T, 4-119 h COOR THF, A, 2-3h COOR

X =Cl, Br COOR

Novel B-aminocyclobutanecarboxylic acid derivatives weregpared via a sequential solvent-
free aza-Michael addition of benzophenone imineosr3-halopropylidenemalonates and
base-induced ring closure. These highly substitaieiobutanedicarboxylic acid derivatives
were subjected to a reactivity study which demeanstt the tendency of these donor-acceptor
substituted four-membered rings to be converte@ itteir corresponding ring-opened

products.

Introduction
The interest in cyclid-amino acids has increased significantly in thet pesaded?**°
which is due to the ability g@3-amino acids to improve the metabolic stabilityBgbeptides in

which they are incorporatéd. Moreover, B-peptides represent an important class of
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foldamers®® as they can adopt various secondary structurdading helices, sheets and
turns/ %1112 More specifically, B-peptides that contain or consist of-
aminocyclobutanecarboxylic aci@-ACBC 1) monomers show secondary structures both in
solution and in the solid state. The first cycl@md-containing dipeptide, which was
synthesised by the group of Ortufio starting fromB-ACBC 1la, shows a hairpin-like
conformation in the solid state, whileces-cyclobutane-containin§-tetrapeptide and hexa-
and octamers dfans-3-ACBC 1b fold into 14- and 12-helical conformations reswtifrom

the formation of inter- and intramolecular hydrogeonds'*'**> Moreover, ap-peptide
composed of fourcis-B-ACBC 1la residues has shown molecular self-assembly to form
nanosized fibrils and gel§ andtrans trans- andtrans,cis-bis(cyclobutaneR-dipeptides show

a tendency to assemble into nanoscale fibt&s.

Another reason for the enhanced interest in cadimc{3-amino acids is the biological
activity of some of these constrained compoundg, @s-2-aminocyclopentanecarboxylic
acid 2 (cispentacin) which has shown antifungal actigainst variou€andida strains>°
The in vitro antifungal activity of f-aminocyclobutanecarboxylic acid and 3- or 4-
methylene-ACBC again&€andida strains is dramatically lowét:?*

Nevertheless, in recent years a lot of attentisbeen devoted to the synthesis of this four-

membered-amino acidl and its derivatives.

COOH COOH OOoH
< m e
NH, ‘NH,
cis-B-ACBC trans-B-ACBC Cispentacin
la 1b 2

The most common way to synthesipeACBC derivatives used a [2+2] cycloaddition
22,23,24,25,26 : .
steps? As such, the group of Aitken recently developadwe to synthesize the four

enantiomers of-aminocyclobutanecarboxylic acid each in enantiomerically pure foA?®
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In  previous research, dialkyl 2-bromoethylidenemates and dialkyl 3-
chloropropylidenemalonates proved to be suitablestsates for the Michael Induced Ring
Closure (MIRC) reaction towards a range of funaimed cyclopropanes and some
cyclobutane$?3°*132B-Aminocyclobutanedicarboxylic acid derivatives argoorly studied
class of donor-acceptor (DA) substituted cyclobaesanvhich are prone to ring opening
reactions’>3* Therefore, in this work, the use of 3-halopropgtiemalonate derivatives as
substrates for the synthesis of nBvaminocyclobutanedicarboxylic acid derivativaa an

aza-MIRC reaction was investigated.

Results and discussion

Commercially available 3-halopropanol® were transformed into the corresponding
aldehydest using pyridinium chlorochromate (PCC) as oxidizagent® Subsequently, the
Knoevenagel condensation of aldehydewith malonateba-b and malononitrilesc in the
presence of titanium(IV) chloride and pyridine gietl 3-halopropylidenemalonatés-d and

-malononitrile6e in 35-63% yield® (Scheme 1)

Scheme 1
EWG
1 equiv
EWG
5a EWG = COOMe
0 5b EWG = COOEt
2 equiv PCC 5¢ EWG =CN EWG
CH,Cl, 2 equiv TiCly
rt.,18h 4 equiv pyridine EWG
3aX=Br 4a X = Br (98%) THR.rt, 21h 6a EWG = COOMe, X = Br (58%)
3b X=Cl 4b X = Cl (93%) 6b EWG = COOMe, X = CI (63%)

6c EWG = COOE, X = Br (56%)
6d EWG = COOEt, X = Cl (63%)
6e EWG = CN, X = Cl (35%)

Although the MIRC reaction of dimethyl (3-chlora22dimethylpropylidene)malonatéb

with various nucleophiles (e.g. methoxide, cyanata tert-butylthiolate) yielded newg-
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substituted cyclobutanedicarboxylatéstreatment of malonatéb with different nitrogen
nucleophiles in order to obtain nov@lACBC derivatives was initially not successful. It
appeared that primary and secondary amines couldenased as nucleophiles in this MIRC
reaction. The Michael addition of benzylamine, agals to isopropylamin&, across
dimethyl 2-(3-chloro-2,2-dimethylpropylidene)maloaéb was followed by a retro-Mannich
type reaction that led to the formation Iéf(3-chloro-2,2-dimethylpropylidene)benzylamine
and dimethyl malonatBa. Also the attempt to use a secondary amime pyrrolidine, as a
nucleophile in the aza-MIRC reaction, was not sssftd. In this case, a substitution of the
leaving group by the nucleophile was mainly obsegrwehich was in analogy with the
outcome of the reaction of dialkyl 2-bromoethyligeralonates and secondary amitfes.
Subsequently, sodium azide was evaluated as nitnogeleophile. Sodium azide is a suitable
nucleophile in the synthesis Pfaminocyclopropanecarboxylic acifi-ACC) derivatives via
the MIRC reaction starting from 2-bromoethylidenémnates®>*® However, when dimethyl
2-(3-chloro-2,2-dimethylpropylidene)malonabh was treated with sodium azide under
different reaction conditions in which the solvéhteOH, DMF, DMSO, acetongBuOH),
temperature (r.t&x) and time were varied, no smooth conversion ofstaeting product to the
target cyclobutane derivative or Michael adductiddie observed.

Benzophenone imine has proven to be a suitableeophkile in the MIRC reaction starting
from dialkyl 2-bromoalkylidenemalonates leading to dialkyl 2-
(diphenylmethylideneamino)cyclopropane-1,1-dicagates?® Therefore, the reactivity of
this  nitrogen nucleophile in the MIRC reaction toda dialkyl 2-
(diphenylmethylideneamino)cyclobutane-1,1-dicardates was investigated. To our
satisfaction, whertert-butanol was used as solvent, instead of more ophlec MeOH
which gave rise to side reactions, and in the pesef triethylamine as a base, the Michael

addition of benzophenone imine across malomhtevas observed, but the intramolecular
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substitution of the leaving group &position which would lead to ring closure did matur.
Thus, acyclicB-amino estei7b was isolated in 57% yield after recrystallizativom EtO
(Table 1, Entry 1). The use of the solvent mixttaBuOH/ELO in a ratio of 4/1 increased the
yield of the Michael addition of benzophenone imawoss alkylidenemalonaéb to 67%
and shortened the reaction time (Table 1, EntryfB& low solubility of adductb in EtO led

to a better conversion of the starting prodébt disfavoring the reverse retro-Michael
reaction. 3-Bromoalkylidenemalonaia was treated with benzophenone imine under similar
reaction conditions to obtain pufg-amino ester7a in 56% vyield (Table 1, Entry 3).
Unfortunately, the Michael addition of benzophenonie leading to dimethyl malonat@a
and7b proved to be poorly reproducible under these d¢andi. Furthermore, the addition of
benzophenone imine across diethyl alkylidenemaémét-d appeared to be even more
problematic, which is probably due to the steriednance caused by the presence of the two
geminal ethyl esters on the double bond. When yiet2-(3-chloro-2,2-
dimethylpropylidene)malonatd was treated with 3 equiv of benzophenone iming; 66%
conversion of the starting product to the corresiranf-amino estei7d could be observed
after six days of reaction (Table 1, Entry 4). lddiéion, the presence of an excess of
benzophenone imine in the crude reaction mixturdamaolation of the Michael addued
very difficult to virtually impossible.

Therefore, other conditions for the Michael additiof benzophenone imine across 3-halo
alkylidenemalonate$ had to be explored. Neither altering the solvéBuQH/THF 4/1,
Et,O, THF, CHCI,, CH;CN) did lead to better results, nor did the usetber bases (NaH,
KOtBu) or addition of a Lewis acid (MgBr The reaction was also conducted under
microwave irradiation and in a pressure vial, bgaia no good conversion of substrafe®

the corresponding acyclfiamino esterg was observed.
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After many attempts, it was found that the Michaédtlition of benzophenone imine across
alkylidenemalonate$, using EfN as a base, could be achieved in the absencesolfivant
(neat conditions). Treatment of alkylidenemalonda®,d with 1.05 equiv benzophenone
imine in the presence of triethylamine at 60 °C4e48 hours led to a full conversion to the
corresponding Michael adduct®a,b,d, which were isolated in 67-79% vyield after
recrystallization from EO (Table 1, Entry 5-7). The reaction of diethyl kromo-2,2-
dimethylpropylidene)malonat&c and benzophenone imine, however, gave rise to the
formation of an alternative product, more speciicadiethyl 2-[2,2-dimethyl-3-
(diphenylmethylideneamino)propylidene]malon@be(Table 1, Entry 8). The steric hindrance
caused by the presence of the two geminal ethgresiampered the Michael addition of the
nucleophile across the activated double bond, mm@mbination with the presence of a good
leaving group (in this case bromide), a direct subgn of the leaving group by the
nucleophile was more favorable. Detailed spectnosctollow-up of the reactions showed
that this substitution reaction did not occur whaalonates6a, 6b and 6d were used as
substrates. The reaction of malonéteand benzophenone imine proceeded more selective
towards the Michael addu@t at room temperature but in this case, a longetticatime

was required (Table 1, Entry 9).
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Table1l Michael addition of benzophenoneimine acr oss alkylidenemalonates 6

NH Ph
1.05 equiv)]\ )\
COOR 1,05 equiv BN | o lh
AN .05 equiv Ety
X/><\( X/><\(COOR + ph N/><\(COOR
COOR (See table) COOR COOR

6a (X = Br, R = Me) 7a (X =Br, R =Me) 8a (R = Me)

6b (X = Cl, R = Me) 7b (X = Cl, R = Me) 8b (R = Et)

6c (X = Br, R = Et) 7c (X = Br, R = Et)

6d (X=CI, R=Et) 7d (X=CI,R=Et)
Entry Substrate Reaction conditions Compound (Yfeld
1 6b tBUOH,A, 72 h 7b (57%)
2 6b tBUOH/ELO 4/1,A, 55 h 7b (67%)
3 6a tBUOH/ESO 4/1,A, 24 h 7a (56%)
4 6d tBUOH/ELO 4/1,A, 6 & 7d (-)°
5 6a neat, 60 °C, 4 h 7a (79%)
6 6b neat, 60 °C, 24 h 7b (78%)
7 6d neat, 60 °C, 48 h 7d (67%)
8 6c neat, 60 °C, 20 h 8b (38%)
9 6c neat, r.t., 11% 7c (76%)

%1solated yield after recrystallization from,O
P Reaction was carried out wi3 equiv benzophenone imine and 3 equsN

©66% conversion after 6 de¢, compounc7d was not isolate

The use of 2-(3-chloro-2,2-dimethylpropylidene)nmadoitrile 6e as substrate for the Michael
addition of benzophenone imine under similar nesction conditions, resulted in an
intractable mixture of reaction products in whible torresponding Michael adduct could not
be detected.

Nevertheless, in this manner, a very simple, practand more sustainable method for the
Michael addition of benzophenone imine across alkylemalonate6a-d, without the use of
hazardous and volatile solvents, was developethdrvery recent literature, other examples

of solvent free aza-Michael additions across umagtd substrates have been repotté@*!
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In order to synthesize the tardg&taminocyclobutanecarboxylic acid derivativés and 9b,
the acyclicB-amino ester3a-d were treated with a base to enable ring closureatiment of
2-[3-bromo-2,2-dimethyl-1-(diphenylmethylideneamjppyllmalonatesa and 7c with 1.2
equiv of KQBu in THF for three hours at reflux temperature oafed [3-

aminocyclobutanecarboxylic acid derivativ@s and9b in good to excellent yield (Scheme

2).

Scheme 2
h

P
N)\Ph o

1.2 equiv KOtBuU N=(
Br/><\(COOR Ph
THF, A, 3h COOR

COOR

COOR
7aR = Me 9a R = Me (94%)
7c R=Et 9b R = Et (75%)

The cyclization of  dimethyl 2-[3-chloro-2,2-dimetHi+(diphenylmethylidene-
amino)propyl]malonate’b to the corresponding cyclobuta®a was less straightforward.
When KQBu in tert-butanol under reflux or KHMDS or LIHMDS in THF abom
temperature were used as basic conditions, thézayion of malonaté&’b to cylobutaneda
was sluggish (0-66% conversion) and suffered fraompuetitive retro-Michael addition
giving rise to alkylidenemalonatb (up to 50%). The presence of chloride as leaviroyy
and the sterically impeding geminal methyl groupsvpnt a smooth cyclobutanation of
diester7b. Fortunately, the addition of a catalytical amowftNal to achieve amn situ
exchange of chloride by iodide, to the reactiormaiionates’b and7d with KOtBu in THF
under reflux conditions, led to the desired clegtlization to3-ACBC derivatives9a and9b

which were isolated in 52-62% yield (Scheme 3).
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Scheme 3
h

P
Py Ph
N~ "Ph 1.2 equiv KOtBu N=<

C|/><\(COOR 0.1 equiv Nal Ph
COOR

COOR THF, A, 2 h

COOR
7b (R = Me) 9a (R = Me, 62%)
7d (R = Et) 9b (R = Et, 52%)

In an attempt to synthesize the functionalized ayatanes9a and 9b in one step via the
Michael Induced Ring Closure (MIRC) reaction, mates 6a-d were treated with
benzophenone imine in DMF at 55-65 °C in the presasf K;CO; as a mild base (Scheme
4). Under these conditions, the addition of benemyime imine to the activated substrates was
followed by an intramolecular substitution of tleaving group and cyclobutan@s,b could

be isolated, albeit in rather low yields after gestallization from MeOH.

Scheme 4
~NH

1.1 equiv )J\ on

Ph Ph N=<
XWCOOR 11-2 equiv K2C03 oh
COOR DMF, 55-65 TC, 66-89 h COOR

COOR

6a-d 9a (R = Me) 35% from 6a

9a (R = Me) 36% from 6b
9b (R = Et) 38% from 6¢
9b (R = Et) 28% from 6d

Upon reaction of malononitrilée in DMF at different temperatures, a different teaty
towards benzophenone imine compared to malon&@asl was observed and a
tetrahydropyridine was isolated. Detailed inforraatabout this reaction and on the thermal
stability of functionalised cyclobutane8a-b in DMF can be found in the Supporting
Information (Section 1 and 2).

As second part of the reactivity study of the nofdehminocyclobutanecarboxylic acid
derivatives9, the reduction of the imino function using NaCNBIH the presence of acetic

acid was carried out. Through this reduction, thenat-acceptor substitute-ACBC
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derivativesll are formed. The latter small-membered rings anbkei3-ACBC 1, not stable
due to the presence of the two geminal esterfumstiwhich exhibit a strong electron-
withdrawing effect. Accordingly, cyclobutand4 openvia a push-pull mechanism towards

imines12, which in turn are reduced to né&amino ester&0 (70-90% yield) (Scheme 37.

Scheme5
:<Ph oh
N 2.5 equiv NaCNBH3
Ph 1.2 equiv HOAc )\ COOR
Ph N/><\(
COOR MeOH, r.t.,, 17 h H COOR
COOR T
9a-b 10a (R = Me) 70%
10b (R = Et) 90%
S
H _ —
by
Ph O
HN— PR™ N :
g Yy Ph —— COOR
COOR H
COOR COOR
11 12

The hydrolysis of the imino function of cyclobuta®e in order to evaluate the possibility to
form the correspondingramino acid eventually, led to the formation ofuarstable3-ACBC
derivative 15, which was again prone to ring openwig a push-pull mechanism due to the
presence of the donor-acceptor substituted cycémeuting. The crude reaction mixture,
which was not purified, contained aldehyd8 and benzophenoné&4 in a 1:1 ratio

(determined by analysis of thid NMR spectrum of the crude reaction mixture) (Suhes).

10
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Scheme 6
Ph
o}
N=( 2 N HCl (aq.) COOMe i
Ph H + Ph)J\Ph
COOMe CHyCl, r.t., 2h COOMe
COOMe 94%
9a 13 14
13/14 1/1
0
@
H3O -
Ph)J\Ph @
- ] H3O
" NH
o COOMe
- M — H
COOMe COOMe
COOMe
15 16

The presence of the two ester functions, whichvatgi the double bond of the starting
compoundsa-d, in order to enable the Michael addition of berfEwne imine, leads to
instability of the target cyclobutan8aunder reducing and hydrolytic conditions. Therefor
was attempted to eliminate one of the ester funstiby a decarboxylation reaction under
Krapcho conditions (utilizing NaCl or LiBr in DMSE40),*® but this was not successful.

As a final part of the reactivity study, severderipts were made to hydrolyze the ester
functions of cyclobutane8 in order to obtain the correspondiNgprotected cyclif3-amino
acids. Unfortunately, none of the reaction condgiahat were tested (the use of ag. NaOH,
NaOH in MeOH or LiOH.HO) led to the formation of the envisioned acidhé&tmethods to
transform these ney@-amino ester® into the correspondin@§-amino acids are currently
under investigation in our lab.

In conclusion, a novel method to synthesize highlistituted3-ACBC derivatives starting
from 3-halopropylidenemalonates was developedgusemzophenone imine in a solvent-free

aza-Michael addition followed by a base-inducedyrahosure. A reactivity study of these

11
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novel cyclobutanedicarboxylates demonstrated tlcessity of a suitable protecting group on

nitrogen to avoid ring opening of these small-merateings.

General methods

'H NMR spectra (300 MHz) ané’C NMR spectra (75 MHz) were recorded on a Jeol
Eclipse+ 300 NMR spectrometer. IR spectra werertimbon a Perkin Elmer Spectrum BX
FT-IR spectrometer. Mass spectra were recorded mnAgilent 1100 Series Mass

spectrometer using a direct inlet system (ES, 4000¢lting points were measured with a
Bichi B-540 apparatus. Elemental analyses were umegswith a Perkin-Elmer 2400

Elemental Analyzer.

Experimental section

Dialkyl 2-(3-halo-2,2-dimethylpropylidene)malonatésvere prepared following a literature
procedure3®

Dimethyl 2-(3-bromo-2,2-dimethylpropylideneimalonate 6a: Yield 58%. Clear oil.R: =
0.28 (petroleum ether/EtOAc 6/TH NMR (CDCk, 300 MHz):5 1.26 (6H, s); 3.37 (2H, s);
3.79 (3H, s); 3.84 (3H, s); 6.92 (1H, §C NMR (CDC}, 75 MHz):3 25.2; 38.4; 44.0; 52.5;
52.7; 127.3; 151.1; 164.3; 166.8. IR (ATR,'Q:):nvC:o = 1730;vc=c = 1646. MS (ES, pos.
mode):mVz (%): 279/81 (M+H, 100). HRMS (ESI) calcd for gH1sBrO4 279.0232 (M+H),
found 279.0223.

Diethyl 2-(3-bromo-2,2-dimethylpropylidene)malonate 6c: Yield 56%. Clear o0ilR; = 0.18
(petroleum ether/EtOAc 20/1)H NMR (CDCh, 300 MHz):5 1.27 (6H, s); 1.29 (3H, ] =
7.2 Hz); 1.34 (3H, t) = 7.2 Hz); 3.39 (2H, s); 4.24 (2H, §= 7.2 Hz); 4.31 (2H, g1 = 7.2
Hz); 6.88 (1H, s)*C NMR (CDCk, 75 MHz): 8 14.0; 14.1; 25.4; 38.4; 44.1; 61.6; 61.7;

128.1; 150.3; 163.9; 166.4. IR (ATR, @)nvc=o = 1726;vc=c = 1647. MS (ES, pos. mode):

12
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m'z (%) = 307/09 (M+H, 100). HRMS (ESI) calcd for GH19BrO4 307.0545 (M+H), found
307.0554.

Diethyl 2-(3-chloro-2,2-dimethylpropylidene)malonate 6d: Yield 63%. Clear oilR;= 0.20
(petroleum ether/EtOAc 10/13H NMR (CDCk, 300 MHz):d 1.24 (6H, s); 1.29 (3H, f] =
7.2 Hz); 1.35 (3H, tJ = 7.2 Hz); 3.48 (2H, s); 4.24 (2H, §= 7.2 Hz); 4.31 (2H, g1 = 7.2
Hz); 6.90 (1H, s)*C NMR (CDCk, 75 MHz): 8 14.0; 14.1; 24.5; 39.1; 54.4; 61.6; 61.7;
128.3; 150.1; 163.9; 166.5. IR (ATR, &NnVc-0 = 1726;Vc-c = 1647. MS (ES, pos. mode):
m'z (%): 263/65 (M+H, 100). HRMS (ESI) calcd for 8H;9CIO4 263.1050 (M+H), found
263.1044.

2-(3-Chloro-2,2-dimethylpropylidene)malononitrile 6e: Yield 35%. Clear oil.R = 0.19
(petroleum ether/EtOAc 9/13H NMR (CDCk, 300 MHz):5 1.46 (6H, s); 3.54 (2H, s); 7.29
(1H, s).2*C NMR (CDCE, 75 MHz):d 24.6; 41.8; 53.0; 89.6; 110.8; 112.6; 172.7. IRRA
cm™d): ven = 2236;vc-c = 1607. MS (ES, neg. modeivz (%): 194/96 (39), 185/87 (33), 149

(100).

Synthesis of dialkyl 2-[3-halo-2,2-dimethyl-1-(diphenylmethylideneamino)propyl]-
malonates 7. As a representative example, the synthesis of thiyhe2-[3-bromo-2,2-
dimethyl-1-(diphenylmethylideneamino)propyl]malomata is described here. In a flame-
dried flask, triethylamine (2 mmol, 1.05 equiv) wadded to a mixture of dimethyl 2-(3-
bromo-2,2-dimethylpropylidene)malondia (1.9 mmol, 1 equiv) and benzophenone imine (2
mmol, 1.05 equiv). This mixture was stirred at €0 dnder solvent-free conditions for four
hours. Subsequently, dry diethyl ether was addedsolution was filtered and the filtrate was
concentratedin vacuo. Pure dimethyl 2-[3-bromo-2,2-dimethyl-1-(diphemgthylidene-
amino)propyl]malonateéfa was obtained after recrystallization from dietlegher in 79%

yield.

13
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Dimethyl 2-[3-bromo-2,2-dimethyl-1-(diphenylmethylideneamino)propyl]malonate 7a:
Yield 79%. White crystals. Mp = 140.6-142.1 €l NMR (CDCk, 300 MHz):3 0.94 (3H,
s); 1.05 (3H, s); 3.30 (1H, d,= 9.9 Hz); 3.42 (1H, d] = 9.9 Hz); 3.52 (3H, s); 3.70 (3H, s);
4.02 (1H, dJ = 6.1 Hz); 4.36 (1H, d] = 6.1 Hz); 7.27-7.60 (10H, m)*C NMR (CDC, 75
MHz): & 22.1; 23.4; 40.7; 44.2; 52.4; 52.7; 53.9; 66.08.02 128.1; 128.6; 128.7; 130.3;
135.5; 139.6; 168.4; 168.6; 169.5. IR (ATR, Bmvc=o = 1732;vc-n = 1626. MS (ES, pos.
mode): m'z (%): 460/62 (M+H, 100). Anal. Calcd for &H.6BrNO;: C 60.01, H 5.69, N
3.04. Found: C 59.83, H 5.58, N 3.27.

Dimethyl 2-[3-chloro-2,2-dimethyl-1-(diphenylmethylideneamino)propyl]malonate 7b:
Yield 78%. White crystals. Mp = 127.3-128.4 & NMR (CDCk, 300 MHz):3 0.92 (3H,
s); 1.04 (3H, s); 3.35 (1H, d,= 11.0 Hz); 3.47 (1H, d] = 11.0 Hz); 3.53 (3H, s); 3.70 (3H,
s); 4.04 (1H, dJ = 6.1 Hz); 4.34 (1H, d] = 6.1 Hz); 7.28-7.60 (10H, m)*C NMR (CDCE,
75 MHz): 6 21.0; 22.3; 41.3; 52.4; 52.7; 53.3; 53.7; 65.98.02128.1; 128.6; 128.7; 130.3;
135.6; 139.7; 168.4; 168.6; 169IR (ATR, Cm'l): Vc=o = 1733;vc-n = 1657. MS (ES, pos.
mode):m/z (%): 416/18 (M+H, 100). Anal. Calcd for &H-6CINO,4: C 66.42, H 6.30, N 3.37.
Found: C 66.43, H 6.60, N 3.32.

Diethyl  2-[3-bromo-2,2-dimethyl-1-(diphenylmethylideneamino)propyl]malonate 7c:
Prepared at room temperature instead of 60 °CdYiéP6. White crystals. Mp = 96.9-97.4
°C.*H NMR (CDCk, 300 MHz):5 0.93 (3H, s); 1.04 (3H, f] = 7.2 Hz); 1.05 (3H, s); 1.23
(3H, t,J = 7.2 Hz); 3.31 (1H, dJ = 9.9 Hz); 3.43 (1H, d] = 10.5 Hz); 3.88-4.04 (2H, m);
3.98 (1H, dJ = 6.6 Hz); 4.16 (2H, q) = 7.2 Hz); 4.38 (1H, d] = 6.6 Hz); 7.26-7.60 (10H,
m). ¥c NMR (CDCh, 75 MHz):d 13.9; 14.0; 22.0; 23.4; 40.8; 44.3; 54.3; 61.466865.9;
127.9; 128.1; 128.6; 128.76; 128.82; 130.2; 1353®.7; 167.9; 168.2; 169.3. IR (ATR, tm
Y): Vezo = 1727;ve=n = 1626. MS (ES, pos. modelz (%): 488/90 (M+H, 100).Anal. Calcd

for CasH3oBrNO,4: C 61.48, H 6.19, N 2.87. Found: C 61.39, H 60@,.88.
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Diethyl  2-[3-chloro-2,2-dimethyl-1-(diphenylmethylideneamino)propyl]malonate  7d:
Yield 67%. White crystals. Mp = 83.9-84.1 & NMR (CDCk, 300 MHz):5 0.91 (3H, s):
1.04 (3H, tJ = 6.9 Hz); 1.04 (3H, s); 1.23 (3H,X~ 6.9 Hz); 3.36 (1H, d] = 11.1 Hz); 3.47
(1H, d,J = 11.0 Hz); 3.94 (2H, q] = 7.0 Hz); 3.99 (1H, d] = 6.0 Hz); 4.16 (2H, g] = 6.8
Hz); 4.36 (1H, d,J = 6.6 Hz); 7.26-7.59 (10H, m)°C NMR (CDCk, 75 MHz):3 13.9; 14.0;
21.0; 22.3; 41.4; 53.4; 54.2; 61.4; 61.6; 65.8;.92128.0; 128.6; 128.77; 128.85; 130.2;
135.6; 139.8; 168.0; 168.2; 169.3. IR (ATR, §mvc=o = 1723;vcon = 1627. MS (ES, pos.
mode):mVz (%): 444/46 (M+H, 100). Anal. Calcd for &H3CINO,: C 67.63, H 6.81, N 3.15.

Found: C 67.59, H 6.85, N 3.17.

Synthesis of diethyl 2-[2,2-dimethyl-3-(diphenylmethylideneamino)propylidene]-
malonate 8b. In a flame-dried flask, triethylamine (1.7 mmol03.equiv) was added to a
mixture of diethyl 2-(3-bromo-2,2-dimethylpropylide)malonatéc (1.6 mmol, 1 equiv) and
benzophenone imine (1.7 mmol, 1.05 equiv). Theti@aenixture was stirred at 60 °C under
solvent-free conditions for 20 hours. Subsequeilly,diethyl ether was added, the solution
was filtered and the solvent was removed vacuo. Pure diethyl 2-[2,2-dimethyl-3-
(diphenylmethylideneamino)propylidene]lmalone@b was obtained after recrystallization
from diethyl ether in a yield of 38%.

Diethyl 2-[2,2-dimethyl-3-(diphenylmethylideneamino)propylidenelmalonate 8b: Yield
38%. White crystals. M{5.6-77.0 °C*H NMR (CDCk, 300 MHz):5 1.18 (6H, s); 1.28 (3H,
t,J=7.2 Hz); 1.31 (3H, t) = 7.2 Hz); 3.31 (2H, s); 4.22 (2H, &= 7.2 Hz); 4.24 (2H, q] =
7.2 Hz); 7.07 (1H, s); 7.11-7.15 (2H, m); 7.29-7(6BI, m); 7.61-7.65 (2H, m}*C NMR (75
MHz, CDCL): 6 14.0; 14.1; 24.7; 39.4; 61.26; 61.35; 64.2; 126217.8; 128.0128.4; 128.5;

128.6; 130.0136.8; 139.8; 153.7; 164.5; 167.0; 168.7. IR (ATR}"): vc-o = 1725;vc=c =
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1646, vc=n = 1626.). MS (ES, pos. mode): m/s (%): 408 (M+H100). Anal. Calcd for

CosH29NO4: C 73.68, H 7.17, N 3.44. Found: C 73.28, H 7N B.41.

Synthesis of dialkyl 3,3-dimethyl-2-(diphenylmethylideneamino)cyclobutane-1,1-
dicarboxylates 9. As a representative example, the synthesis of ttiyhe,3-dimethyl-2-
(diphenylmethylideneamino)cyclobutane-1,1-dicarbdate/9a is described. To a solution of
dimethyl 2-[3-bromo-2,2-dimethyl-1-(diphenylmettddineamino)propyl]malonat&a (0.9
mmol, 1 equiv)n dry THF (10 mL), 1.2 equiv KBu (1.08 mmol) was added. After stirring
the reaction mixture at reflux temperature for éhifeurs, an aqueous saturated solution of
ammoniumchloride (10 mL) was added and this mixiues extracted with EtOAc (3x 10
mL). The combined organic layers were dried oveSKadg The drying agent was removed by
filtration and the filtrate was concentratedvacuo. After recrystallization from MeOH, pure
dimethyl 3,3-dimethyl-2-(diphenylmethylideneamingmbutane-1,1-dicarboxylat®a was
obtained as white crystals in a yield of 94%.

Dimethyl 3,3-dimethyl-2-(diphenylmethylideneamino)cyclobutane-1,1-dicar boxylate 9a:
Yield 94%. White crystals. Mp 123.4.9-124.2 “EL NMR (CDCk, 300 MHz): 8 0.82 (3H,
s); 1.11 (3H, s); 1.86 (1H, d,= 12.7 Hz); 2.91 (1H, d] = 12.6 Hz); 3.67 (3H, s); 3.72 (3H,
s); 4.43 (1H, s); 7.15-7.64 (10H, mfC NMR (CDC}, 75 MHz): & 23.8; 29.5; 37.0; 38.0;
52.4;52.5; 53.7; 67.7; 128.0; 128.1; 128.3; 128148.51; 130.1; 136.5; 139.4; 167.9; 170.3;
172.1.IR (ATR, cmi®): ve=o = 1725:vc-y = 1628. MS (ES, pos. modejz (%): 380 (M+H,
100). Anal. Calcd for gH»sNO,4: C 72.80, H 6.64, N 3.69. Found: C 72.49, H 6148,.72.
Diethyl 3,3-dimethyl-2-(diphenylmethylideneamino)cyclobutane-1,1-dicar boxylate 9b:
Yield 75%. White crystals. Mp 57.9-59.7 °@4 NMR (CDCk, 300 MHz): 5 0.84 (3H, s);
1.10 (3H, tJ = 7.2 Hz); 1.12 (3H, s); 1.20 (3H,d= 7.2 Hz); 1.86 (1H, dd] = 12.8 Hz, 1.4

Hz); 2.92 (1H, dJ = 12.8 Hz); 4.04-4.27 (4H, m); 4.42 (1H, s); 7765 (10H, m).XC
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NMR (CDClk, 75 MHz): 6 14.0; 14.2; 23.9; 29.4; 36.9; 38.1; 53.7; 61.1.2667.7; 127.9;
128.1; 128.3; 128.4; 128.6; 130.0; 136.6; 139.5.1:6169.8; 171.6. IR (ATR, CM): Vc-0 =
1726; ve=n = 1661.MS (ES, pos. mode)m/z (%): 408 (M+H, 100). Anal. Calcd for

CosH29NO,4. C 73.68, H 7.17, N 3.44. Found: C 73.58, H 7.33,.3b.

Synthesis of dialkyl 2-[2,2-dimethyl-3-(diphenylmethylamino)propyl]malonates 10. The
synthesis of dimethyl 2-[2,2-dimethyl-3-(diphenyltmgamino)propyllmalonatel0a is
described as a representative example. To a solafieyclobutanéa (0.37 mmol, 1 equiv)

in MeOH (4 mL), NaCNBH (0.92 mmol, 2.5 equiv) and acetic acid (0.44 mma?, equiv)
were added. The reaction mixture was stirred atnréamperature for 17 hours, poured in 0.5
N NaOH (10 mL) and extracted with GEl, (3x 5 mL). Subsequently, the combined organic
fractions were dried over MgSORemoval of the drying agent through filtrationdan
evaporation of the solventin vacuo afforded dimethyl 2-[2,2-dimethyl-3-
(diphenylmethylamino)propyl]malonatida which was purified by column chromatography
on silica gel (petroleum ether/EtOAc 1/1).

Dimethyl 2-[2,2-dimethyl-3-(diphenylmethylamino)propyl]malonate 10a: Yield 70%.
Viscous oil. R = 0.17 (petroleum ether/EtOAc 10/4H NMR (CDCk, 300 MHz): & 0.88
(6H, s); 1.54 (1H, br s); 2.03 (2H, d= 6.6 Hz);2.31 (2H, s); 3.46 (1H, 1 = 6.3 Hz); 3.68
(6H, s); 4.70 (1H, s); 7.16-7.40 (10H, MJC NMR (CDCE, 75 MHz): 3 25.4 (CH); 34.1
(C); 38.2 (CH); 47.9 (CH); 52.6 (CH); 58.2 (CH); 68.1 (CH); 126.9 (CH); 127.3 (CH);
128.4 (CH); 144.4 (C); 170.7 (C). IR (ATR, &N vc-o = 1733. MS (ES, pos. modejiz
(%): 384 (M+H, 100). HRMS (ESI) calcd for f&H.oNO, 384.2175 (M+H), found
384.2157.

Diethyl 2-[2,2-dimethyl-3-(diphenylmethylamino)propyl]malonate 10b: Yield 90%.

Viscous oil.R = 0.28 (petroleum ether/EtOAc 9/4H NMR (CDCk, 300 MHz):5 0.89 (6H,
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s); 1.22 (6H, tJ = 7.2 Hz); 1.57 (1H, br s); 2.03 (2H, = 6.1 Hz); 2.31 (2H, s); 3.41 (1H, t,
J=6.3 Hz); 4.13 (2H, gxd] = 10.7, 7.2 Hz); 4.15 (2H, gxd,= 11.0, 7.2 Hz); 4.71 (1H, s);
7.15-7.41 (10H, m)**C NMR (CDC}, 75 MHz): 8 14.0 (CH); 25.5 (CH); 34.1 (C); 38.0
(CH,); 48.3 (CH); 58.1 (Ch); 61.4 (CH); 68.1 (CH); 126.9 (CH); 127.2 (CH); 128.4 (CH);
144.4 (C); 170.3 (C). IR (ATR, cM: Vc=o = 1748;vc-0 = 1729. MS (ES, pos. modejiz
(%): 412 (M+H, 100). HRMS (ESI) calcd for &H3aNO, 412.2488 (M+H), found

412.2473.
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