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Cyclopropanation of o,B-unsaturated §-lactams and §-lactones mediated by nitrogen ylides is described.
The process tolerates different alkyl halides and gives efficiently bicyclo[4.1.0]heptanes in a totally
stereoselective manner. On the other hand, e-lactams under our experimental conditions suffer a novel
process involving a skeletal reorganization to give a bicyclic[3.3.0] system.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Cyclopropanes are a key structural motif in biologically active
natural and non-natural compounds.! Among the various methods
available for the cyclopropanation of unsaturated compounds, a
great effort has been placed on catalytic decomposition of diazocom-
pounds mediated by metal complexes® and catalytic Simmons-
Smith reactions.? Furthermore, the ylide-mediated cyclopropanation
has received high attention recently.* Most contributions, however,
deal with sulfonium ylides whereas there are few examples that
use nitrogen-derived ylides.® Gaunt’s group was the first to report a
truly catalytic cyclopropanation reaction with ammonium ylides
using a tertiary amine as the catalyst.% Recently, this new organocat-
alyzed cyclopropanation approach was performed enantioselective-
ly using chiral tertiary amines derived from alkaloids.”

Bicyclo[4.1.0]heptanes are interesting structures present in var-
ious biologically active compounds.® Our group has recently initi-
ated the search for new azabicyclo[4.1.0]heptane compounds
with potential activity against human isoform of nitric oxide syn-
thase (iNOS).°

We were interested in the cyclopropanation of unsaturated lac-
tams and lactones, and we envisioned the use of the nitrogen-
ylide-based methodology to obtain the corresponding bicy-
clo[4.1.0]heptanes in an efficient and environmentally friendly way.

2. Results and discussion

We have prepared two differently protected -lactams, 3a-b,
and submitted them to a set of reaction conditions summarized
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in Table 1. The syntheses of the starting materials were accom-
plished from &-valerolactam 1a by protection and conversion of
lactams 2a-b into their o,p-unsaturated analogues via selenoxide
elimination (Scheme 1). Then, a stoichiometric reaction was car-
ried out using DABCO (1,4-diazabicyclo[2.2.2]octane) or DBU
(1,8-diazabicyclo[5.4.0]Jundec-7-ene), as tertiary amines, exploring
different solvents, bases and temperatures. The model compound
3a was reacted with phenacyl bromide, adding this reagent slowly
with a pump syringe to avoid side reactions. The reactions gave
cyclopropane 4a in different yields. Only the trans isomer of 4a
was detected in all the reactions.!® Acetonitrile turned to be better
solvent than dichloroethane (DCE) with which we only isolated a
23% yield of 4a (entries 1 and 2). Reaction time was set to 12 h
as no improvement was observed when prolonging to 24 h (entries
2 and 3). The base of choice was Cs,COs. The use of harder bases
(NapCOs3, NaOH, entries 5 and 6), led to the formation of variable
amounts of another product, 5a, as a result of a Morita-Baylis-Hill-
man-type reaction. Thus, the enolate resulting from the reaction of
3a with DABCO reacts with another molecule of 3a, with further
recovery of the double bond. Michael type dimers are known to
be formed in Morita-Baylis-Hillman reactions as side products be-
cause they themselves act as electrophiles.!

In general, the addition of Nal was favourable, increasing the
conversion of the reaction (compare entries 1 with 2; 3 with 4; 7
with 8 and 9 with 10). On the other hand, DABCO was the best cat-
alyst as the use of DBU led to significant lower yields (entries 7 and
8). Once the best stoichiometric conditions were found (entry 4),
we switched to catalytic reactions using 0.2 equiv of DABCO (entry
9). Although we obtained the desired product, the yields were low.
Therefore we continued the study using stoichiometric amounts of
DABCO."?
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Table 1
Reaction conditions for the cyclopropanation of 3a with phenacyl bromide
No. Cat.? Base 1.2 equiv Solv. Time (h)/T (°C) Additive 40 mol % Yield (%)
3a 4a 5a
1 DABCO Cs,CO3 DCE 12/80 85 10
2 DABCO Cs,CO3 DCE 24/80 Nal 45 23
3 DABCO Cs,CO3 MeCN 24/80 30 50
4 DABCO Cs,CO3 MeCN 12/80 Nal 10 68
5 DABCO Na,CO5 MeCN 12/80 30 10 50
6 — NaOH MeCN 12/80 — — 90
7 DBU Cs,CO3 MeCN 12/80 90 3
8 DBU Cs,CO3 MeCN 12/80 Nal 77 15
9 DABCO (0.2 equiv) Cs,CO3 MeCN 12/80 Nal 46 23

2 1 equiv except entry 9.
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Scheme 1. Synthesis of starting lactams and study of cyclopropanation conditions.
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Scheme 2. Synthesis of cyclopropanes 4 and reaction course.

Once the reaction conditions had been selected (Table 1, entry
4), we studied the scope of this synthesis by selecting various
bromoketones (Scheme 2, Table 2).

First we carried out the reaction with compound 3b and phena-
cyl chloride observing a better behaviour of this substrate, as we
reached a yield of 75% for the final product (Table 2, entry 1). Sub-
strate 3a gave poor results with the different chlorides used. We
were able to isolate a low yield of 4c when using tert-butyl bromo-
acetate as the electrophile (30%, entry 2). On the other hand this
halide gave a good yield of cyclopropane 4d when reacting with
3b. This result was achieved using an excess of DABCO and Nal
(entries 3 and 4). We did not observe any reaction of 3a with triflu-
orobromoacetone, whereas 3b gave a 57% of the desired cyclopro-
pane 4e along with 25% of 5b (entries 5 and 6).

At this point we considered extending the methodology to o,B-
unsaturated lactones. Thus, we reacted 5,6-dihydro-2H-pyran-2-
one with phenacyl bromide obtaining an excellent yield in
cyclopropane 4f (80%, entry 7). This lactone gave a good yield of
product 4g in its reaction with tert-butyl bromoacetate (65%, entry
8), but failed to react with the trifluoromethyl containing electro-
phile (entry 9). All the cyclopropanes obtained had trans stereo-
chemistry, never detecting the cis isomers. The assignment of the
relative stereochemistry was realized by NOE experiments that
agreed with the values of the coupling constants.'®

Our next aim was to apply this methodology to seven-mem-
bered lactams. Thus, we prepared substrate 3¢, following a similar
procedure as for the preparation of 3a-b (Scheme 3). The prepara-
tion of 3c gave an excellent yield of this compound (71%, three
steps from 1b). When we submitted 3c to our reaction conditions
with phenacyl bromide (Table 1, entry 4), we did not detect any
cyclopropane-containing product. However, a new product was
formed in 55% yield. The structure of this compound was estab-
lished by NMR methods and was further confirmed by an X-ray dif-
fraction analysis (see Fig. 1 for an ORTEP illustration).!® Increasing
the amount of base to 2 equiv of Cs,CO5 allowed us to raise the

Table 2

Scope of the cyclopropanation reaction
No. X R DABCO equiv Add. 40 mol % Time (h)/T (°C) Yield (%)

3 4 5

1 NTs Ph 13 Nal 12/80 16 4b: 75 —
2 NBoc O'Bu 1 Nal 12/80 25 4c: 30 35
3 NTs O'Bu 13 — 24/80 17 4d: 35 32
4 NTs 0'Bu 1.8 Nal 48/80 17 4d: 65 12
5 NBoc CF3 1 Nal 72/80 65 - 34
6 NTs CF3 1.8 Nal 24/80 24 4e: 57 25
7 [0} Ph 15 Nal 12/80 — 4f: 80 —
8 (6} O'Bu 1.5 Nal 12/80 — 4g: 65 —
9 (0} CF3 15 Nal 72/80 95 — —
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Scheme 3. Synthesis and reaction course for product 6.

Figure 1. ORTEP drawing for compound 6 with ellipsoids at 50% probability.

yield in 6 up to 70%. We show in Scheme 2 a reaction course that
could explain the formation of 6.

The reaction must begin with the formation of the lactam enolate
A that attacks the carbonyl group of the ammonium salt formed by
reaction of DABCO with the bromoketone. To check this point we
performed a reaction in the absence of DABCO observing no conver-
sion into product 6. Once zwitterionic intermediate B is formed, a
process possibly of type E1cB would drive to intermediate C. The sta-
bilization exerted by the phenyl group must be critical to favour the
elimination step as the reaction with other bromoketones or bromo-
esters did not take place. Indeed, we carried out reactions with
trifluoromethyl bromomethyl ketone and with tert-butyl bromoace-
tate observing no reaction, and recovering the starting material.
Lactam C must be opened under these basic conditions giving D
whose amino group attacks the o,B-unsaturated acid moiety provid-
ing E. This intermediate suffers a second cyclization by elimination
of DABCO to give finally product 6. This compound is obtained with
cis stereochemistry at the ring fusion.

In conclusion, we have developed the synthesis of new cyclo-
propane containing lactams and lactones through an efficient
nitrogen ylide-mediated procedure. The reaction tolerates different
alkyl halides. The behaviour of the seven-membered lactam 3¢ was
especially interesting due to a rearrangement leading to a bicyclic
compound consisting of two five-membered rings. Further exten-
sion of this process to other substrates is underway in our
laboratories.
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were added, followed by lactam 3a-c (1 equiv). The reaction mixture was
stirred at 80 °C. Once completed, as shown by TLC analysis, the reaction was
quenched with saturated aqueous ammonium chloride solution (15 mL) and
the reaction mixture was extracted with Et,0 (2 x 20 mL). The combined
organic phases were dried (MgSO4) and concentrated under reduced
pregsure. The residue was purified by flash chromatography. Synthesis of
(1R ,6R ,7R )-7-benzoyl-2-oxo-3-aza-bicyclo[4.1.0]heptane-3-carboxylic acid
tert-butyl ester, 4a. From o-bromo benzophenone (0.40g, 2.02 mmol),
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Cs,CO; (0.85g, 2.43 mmol), DABCO (0.22g, 2.02mmol), Nal (0.12g,
0.81 mmol) and 3a (0.4 g, 2.02 mol). Reaction time: 12 h at 80 °C. Yield:
0.23 g (60%; hexane: EtOAc, 7:3). 10% of 3a was recovered. 'H NMR (CDCls,
300 MHz) 6 ppm: 1.51 (s, 9H, 3CHs); 2.13-2.15 (m, 2H, CH>); 2.33-2.36 (m,
1H, Hg); 2.58 (dd, 1H, J; = 8.5 Hz, J,=4.2 Hz, H;); 3.20-3.30 (m, 1H, CHy);
3.40 (dd, 1H, H, J;=4.3Hz, J,=4.2Hz); 4.08 (dt, 1H, CHy, J; =14.0Hz,
J>=3.6 Hz); 7.47 (t, 2H, ArH, J=7.3 Hz); 7.58 (t, 1H, ArH, J=7.3 Hz); 7.93 (t,
2H, ArH, J = 7.3 Hz). '3C NMR (CDCls, 75 MHz) § ppm: 20.4, 25.1, 25.9, 28.0,
31.0, 41.0, 83.5, 128.2, 128.7, 133.5, 136.9, 152.2, 168.1, 1954. IR (KBr)
2980, 2910, 1760, 1720, 1670, 1590, 1449 cm~'. Anal. Calcd for C;gH,;NO,
(315.36): C, 68.55; H, 6.71; N, 4.44. Found: C, 68.63; H. 6.50; N. 4.48.
Data can be obtained free of charge from The Cambridge Crystallographic Data
Centre, CCDC.
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