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Abstract

The intramolecular €H insertion ona-diazoacetamides is an extremely useful procedure for the preparation of a wide variety of het-
erocyclic compounds. In this work is presented a strategy for the preparation of enantioselective er(iiaédbxyphosphoryl)lactams
via dirhodium(ll) catalyzed €H insertion ona-diazo«-(dialkoxyphosphoryl)acetamides, in which enantiomeric excess up to 40% is re-
ported. Moreover, a systematic study was undertaken on the chiral dirhodium(ll) catalyst anditize«-(dialkoxyphosphoryl)acetamides
influence on enantioselectivity.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction a straightforward strategy for the preparation of
(dialkoxyphosphoryl)lactampt]. Nonetheless, the success
As part of the exciting field on the activation of unfun- achieved on the racemic cyclisationeiiazo«-(dialkoxy-
tionalized G-H bonds, the use of dirhodium(ll) stabilised phosphoryl)acetamides, the possible biological relevance
carbenes generated frardiazo compounds stands asasyn- of these lactamg5], as well as, their suitable appli-
thetic powerful methodology for the preparation of highly cation on the Horner—Wadsworth—-Emmons (EWH) reac-
valuable compoundgl]. In recent years the use of these tion [6], drew our attention towards the enantioselec-
versatile intermediates in intramolecular cyclisations, has tive preparation of these-(dialkoxyphosphoryl)lactams
emerged as, a standard method for the construction of nu-(Scheme P
merous cyclic and heterocyclic compounds, among which  The enantioselective version of the dirhodium(ll) catal-
the B- andwy-lactams are especially notewortf8}. ysed intramolecular €H insertion is a defying challenge,
The usefulness of this approach is deeply related with namely because all the steric, conformational and electronic
the level of regio and stereoselective obtained on thelC  effects Scheme Jwhich are widely recognised to have a cru-
insertion processScheme } [3]. In a recent work, we  cialinfluence on the insertion procd4s-3], have to be taken
reported the dirhodium(ll) catalysed intramolecularHC together with the additional effort of finding the right chi-
insertion ona-diazo«-(dialkoxyphosphoryl)acetamides, as ral dirhodium catalyst for each family of-diazoacetamides
[7].
* Corresponding author. Tel.: +351 218417627; fax; +351 218417122, Hashimoto and co-workers achieved considerable suc-
E-mail addresscarlosafonso@ist.utl.pt (C.A.M. Afonso). cess on the enantioselective cyclisation @fdiazo«a-
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o QL Mattson Instruments model Satellite FTIR as thinly dispersed
" Na andlor Rh$$3 fi|m§. High and low resolution mass spectra (El, F_AB) were
"Hﬁ/\s I carried out by mass spectrometry service of University of

X oH Santiago de Compostela (Spain). NMR spectrawere recorded

Stereoelectronic in a Bruker AMX 400 using CDGlas solvent and (C§J4Si

Conformational . . .
Effects \ (*H) as internal standard*P chemical shifts are reported

| Effects

L =Large group in ppm relative to HPOy (external standard). All coupling

S =Small group constants are expressed in Hz.

. \ HPLC analysis were carried out on a Chiralpak AD or
AR Y x, Chiralpak OD [=25cm and diameter=0.46 cm) columns
XL ﬂ ‘C</ with pre-column at 25C using 10% or 20% of 2-propanol
s L in hexane at 1 ml/min. Observed retention ting3 {or each
lactam enantiomert1 (AD Column), 12.18 and 21.18 min;
Scheme 1. 13 (OD Column), 11.63 and 13.11 mid5 (AD Column),

15.78 and 28.67 mirt, 7 (AD Column), 12.91 and 16.76 min;
i o (OEt),0P 0 24 (AD Column 20% of 2-propanol in hexane at 1 ml/min.),

(OEN);OP,
(OE')ZOPW‘)J\ Bho{OACh, andfor 10.34 and 14.30 min.
\___,._H il N—g g N

2 3 2.2. General procedure for the synthesis of
a-(diethoxyphosphoryl)acetamides
Scheme 2.
To a stirring solution o&-bromoacetylamide (5.00 mmol)
(methoxycarbonyl)acetamides, using dirhodium(ll) carboxy- in anhydrous dichloroethane (2 ml) was added thriethylphos-
lates incorporatindN-phthaloyl-§)-amino acidg8]. Using phite (6.00 mmol) under argon atmosphere. The resulting
dirhodium(ll) catalysts with pyrrolidinones and oxazolidi- mixture was refluxed until at-bromoacetylamide was con-
nones as bridging ligands, Doyle and co-workers performed sumed. Then the volatile compounds were evaporated. The
the cyclisation ofa-diazoacetamides, with high degree residue was purified by distillation under reduce pressure or
of enantioselectivity[9]. Here is presented our results by flash chromatography.
on the enantioselective & insertion on a-diazow-
(dialkoxyphosphoryl)acetamides. 2.2.1. Preparation of N-1,2,3,4-tetrahydroquinoline-
(diethoxyphosphoryl)acetami@@
To a stirred solution of 1,2,3,4-tetrahydroquinoline

2. Experimental (3.00g, 22.00mmol) and triethylamine (3.62ml,
26.00mmol) in anhydrous Ci€l> (44ml), was slowly
2.1. General remarks addeda-bromoacetylbromide (4.84 g, 24.00 mmol) &t@

the mixture was briefly stirred at®@ and then at room

Tetrahydrofuran (THF) was distilled over calcium hy- temperature for 1h. The reaction mixture was washed
dride immediately prior to use, while triethylamine, with 5% HCI (30 ml) and the aqueous layer was extracted
and dichloroethane were freshly distilled over calcium with CH,Cl,. The combined organic layers were washed
hydride. Ethyl acetate was distilled over potassium with saturated NaHC® solution, followed by brine and
carbonate.p-Toluenesulfonylazide was prepared fromn then dried over NgS5Oy. The a-bromoacetylbromide21
toluenesulfonylchloride and sodium azide. Sodium hydride was used without further purification. Th#l-1,2,3,4-
was used as a 55% dispersion in mineral oil. All reactions tetrahydroquinolinex-(diethoxyphosphoryl)acetamide22
were performed in oven-dried glassware under an atmospheravas prepared according with general procedure us-
of argon. The diazo substratd$, 12, 14 and 16 and the ing «-bromoacetylamide 21 (4.50g, 17.70mmol).
racemic lactam41, 13, 15and17 has been reported by us The reaction was refluxed for 6h. After distillation at
elsewerd4]. The chiral catalystd—6 were purchased from  190-200°C/0.01-0.005 mm Hg the desired phosphorgte
Aldrich and7-20 were prepared according to reported pro- (4.30g, 78%) was obtained as a viscous yellowRik 0.28
cedurd10], catalysts8-20were further purified on a prepar-  (AcCOEt/Hex 1:9)wmax (film): 2983, 1648, 1382, 1252 cm;
ative TLC. Flash chromatography was carried out on silica *H-NMR (400 MHz, CDC}, 25°C, TMS): 1.29 (6H, t,J
gel 60M from MN (Ref. 815381) or on aluminium oxide 7.0, OCHCHs), 1.95 (2H, m, NCHCH>CH>Ar), 2.70 (2H,
basic from MN (Ref. 815010, Brockmann activity 1). Reac- m, NCH,CH>CH>Ar), 3.21 (2H, d,Jy4—p 21.9, POCEI,CO),
tion mixtures were analysed by TLC using ALUGRAM 3.81 (2H, t,J 6.6, NCH2CH2CH2Ar), 4.12-4.20 (4H,
SIL G/UVas4 from MN (Ref. 818133, silica gel 60) and m, J 7.1, OGH,CHg), 7.14-7.32 (4H, m, Ar)l3C-NMR
aluminiumoxide 60Fs4 neutral plates (type E) from Merck (100 MHz, CDC}, 25°C): 16.38 (OCHCH3), 24.05
(Ref. 5550). Infrared spectra (IR) spectra were recorded on a(NCH>CH2CH2Ar), 24.66 (NCHCH,CH2Ar), 33.40 (d,
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Jc-p 137.0, POEGI,CO), 42.96 (NCH2CH2CHoAY), 62.53

(OCH2CHz), 124.70; 125.98; 126.57; 128.51; 164.62

(C=0); 3IP-NMR (160 MHz, CDGC}, 25°C): 22.31; MS
(El) me 311, 132, 109, 81; HMRS (Ehve calculated [M]
311.128647, found [M]311.129791.

2.2.2. Preparation of (R)-(+)-N-(phenylethylamine)-N-
[3-(ethoxycarbonyl)-propyll-(diethoxyphosphoryl)
acetamide26

To a solution of R)-(+)-a-phenylethylamine (3.00g,

1265, 1051cm'; 'H-NMR (400 MHz, CDCh, 25°C,
TMS): 1.17 (3H, q,J 7.2, CQCH,CHj3), 1.28-1.34 (6H,
m, OCHCH3), 1.40-1.48 (m, NCHCH>CHyCO,EL),
1.52, 1.66 (3H, rotamers, d,7.1 and 6.8, NCH(E3)Ar),
1.68-1.74 (m, NCHCH,CH,COEt), 2.10-2.25 (m,
NCH,CH,CH>COEL), 2.85-3.36 (overlapped signals, m,
POQH,CO and NG&,), 4.00-4.09 (mJ 7.1, CQCH,CHj),
4.11-4.20 (m,J 7.3, OQH,CHz), 5.26, 5.95 (1H, ro-
tamers, g,J 7.0 and 6.8, NE(CH3z)Ar), 7.24-7.34
(5H, m, NCH(CH)Ar); C-NMR (100MHz, CDC4,

25.00mmol), sodium carbonate (3.10g, 27.00mmol), 25°C): 14.14 (CQCH,CHs), 16.30 (OCHCHz3), 16.89,
and sodium iodine (0.20g) in 50.0ml of freshly distilled 18.56 (NCHCH3)Ar), 24.00, 25.73 (NCHCH,), 31.12,
dimethylformamide (DMF) at room temperature was added 31.86 (NCHCH,CH,CO,Et), 33.51, 34.04 (d,Jc_p
ethyl-4-bromobutyrate (5.27g, 27.00mmol) in 10.0ml of 132, PO®,CO), 42.80, 43.77 (BH,), 51.57, 56.50

DMF during a 20min period. The reaction mixture was (NCH(CHs)Ar), 42.80, 43.77 (C@CH,CHs),

62.58

heated to 65C, maintained at thattemperature, with constant (OCH,CHs), 126.73, 127.41, 127.49, 127.63, 128.39,

stirring, for 4 h, and then left over night at room temperature. 128.67, 140.26 (q), 140.60 (q), 165.01, 165.3=0),
After addition of 50 ml of water, the reaction was extracted 172.47, 173.01 COEt); 3!P-NMR (160 MHz, CDGC},

three times with 50 ml of CbCl, and washed with brine.

25°C): 21.54, 22.01; MS (Elywe 413, 234, 179, 105;

The combined organic layers were then dried over anhydrousHMRS (El) nve calculated [Mf 413.196727, found [M]
MgSQy, and the solvent was removed under reduce pressure413.195924.

The residue was distilled at 12@/0.05 mmHg yielding
the  ®)-(+)-N-(phenylethylamineN-[3-(ethoxycarbonyl)-
propyllamine (2.45g, 40%) as a colourless liquighax
(film) 3432, 2975, 1730, 1680 cm; 'H-NMR (400 MHz,
CDCl3, 25°C, TMS): 1.21 (3H, t,J 7.1, OCHCHzg),
1.32 (3H, d,J 6.5, NCH(QH3)Ar), 1.70-1.79 (2H, m,

2.3. General procedure for the synthesis of
diazophosphates

A solution of the appropriate phosphonate (1.00 mmol)

in THF (1.5ml) was slowly added to a magnetically stirred
mixture of sodium hydride or 1,8-diazabicyclo[5.4.0Jundec-
7-ene (DBU) (1.2equiv.) andp-toluenesulfonylazide
(1.2 equiv.) in THF (6.5 ml) at 0C. The mixture was stirred

for 1 h at this temperature and then allowed to reach room
temperature. After reaction of all phosphonate (confirmed
by TLC), the solvent was evaporated and the residue was
chromatographed (Si) AcOEt/Hex) to yield the diazo
compound as an yellow oil.

NCH2CH»), 2.24-2.38 (2H, m, NCBKCH,CH,CO.EY),
2.40-2.44 (1H, m, N8,CH,CH,CO:Et), 2.50-2.56 (1H,
m, NCH,CH,CHoCOgEL), 3.72 (1H, gJ 6.5, NGH(CH3)AT),
4.08 (3H,tJ 7.2, OGH,CHz); 13C-NMR (100 MHz, CDC#,
25°C): 14.11 (OCHCH3), 24.36 (NCHCH3)Ar), 25.45
(NCH2CH2CH,COzEL), 32.13 (NCHCH2CH2CO,EY),
46.82 (NCH>), 58.10 (NCH(CH3)Ar), 60.11 (CQCH2CHa),
126.41, 126.72, 128.27, 145.67 (q), 173.8D6CH,CHj3);
MS (El) me 235, 220, 207, 105; HMRS (Ehve calculated
[M]* 235.157229, found [M] 235.156725.

To a stirred solution of theR)-(+)-N-(phenylethylamine)-  2.3.1. Preparation of N-1,2,3,4-tetrahydroquinoliae-
N-[3-(ethoxycarbonyl)-propyllamine (2.04g, 8.70mmol) diazo«-(diethoxyphosphoryl)acetami@d
and anhydrous triethylamine (1.45ml, 10.4mmol) in A solution of N-1,2,3,4-tetrahydroquinoline-
anhydrous CHCI, (20ml), was slowly added a- (diethoxyphosphoryl)acetamide22 (1.44g, 3.50 mmol)
bromoacetylbromide (1.92g, 15.40mmol) at@ The in THF (33 ml), was slowly added to a magnetically stirred
mixture was briefly stired at @ and then at room  mixture of NaH andp-toluenesulfonylazide at @. The
temperature for 1h. The reaction mixture was washed mixture was stirred 1h at this temperature and then 3 h at
with 5% HCI (20 ml) and the aqueous layer was extracted room temperature. The reaction mixture was concentrated
with CH»Cl,. The combined organic layers were washed and the residue was chromatographed on,SE2OEt/Hex

with saturated NaHC® solution, followed by brine and
then dried over NgSO;. The a-bromoacetylamide25
was used without further purification. TheR)¢(+)-N-
(phenylethylamineN-[3-(ethoxycarbonyl)-propylt-(diet-

hoxyphosphoryl)acetamid# was prepared according with

general procedure using-bromoacetylamide25 (3.06 g,

8.60 mmol). The reaction was refluxed for 4 h, purified by

flash chromatography (S}OAcOEt/Hex 3:7) yielding the

desired phosphonat6 (1.93 g, 54%) as a viscous yellow

oil, R =0.55 (ACOEt/Hex 8:2):vmax (film): 1728, 1640,

gradient) yielding the desired diazophosphor28¢2.01 g,
93%) as a viscous yellow o0il,Rr=0.40 (AcOEt/Hex
6:4); vmax (film): 2984, 2106, 1631, 1263, 1020ct
IH-NMR (400MHz, CDCh, 25°C, TMS): 1.36 (6H,
t, J 7.0, OCHCHgs), 1.96 (2H, m, NCHCH2CHAr),
2.69 (2H, t, J 6.5, NCHCH,CH2Ar), 3.76 (2H, t,J
6.7, NCGH2CH2CH2Ar), 4.16-4.30 (4H, m, OH,CHg),
7.08-7.34 (4H, m,Ar); 13C-NMR (100MHz, CDC4,
25°C): 16.23 (OCHCH3), 24.06 (NCHCH,CHoAT),
26.56 (NCHCH2CH2Ar), 44.28 (NCH2CH2CHoAr), 63.63
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(OCH,CHa), 122.17; 125.24; 127.07; 128.73, 132.20 (q);
138.24 (q); 161.91G=0); 31P-NMR (160 MHz, CDC4,
25°C): 13.52; MS (El)m/e 309, 281, 235, 173; HMRS (El)
m/e calc [M]* 337.119145, found [M] 337.119181.

2.3.2. Preparation of (R)-(+)-N-(phenylethylamine)-
N-[3-(ethoxycarbonyl)-propylk-diazoe-
(diethoxyphosphoryl) acetami@&

To a solution of R)-(+)-N-(phenylethylamineN-[3-
(ethoxycarbonyl)-propylk-(diethoxyphosphoryl)acetamide
26 (1.449, 3.50mmol) in THF (30ml) andp-
toluenesulfonylazide at room temperature, was slowly
added 1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU) (0.58(,
3.80mmol). The mixture was stirred for 24h at this
temperature. The reaction mixture was concentrated and
the residue was chromatographed on Si@cOEt/Hex
1:1) yielding the desired diazophosphon&dt& (1.44 g,
94%) as a viscous yellow 0ilRf=0.38 (AcOEt/Hex
5:5); vmax (film): 2100, 1728, 1619, 1265, 1021cM
IH-NMR (400 MHz, CDC, 25°C, TMS): 1.19 (3H,

t, J 7.2, CQCH,CH3), 1.33 (6H, t,J 7.0, OCHCH3),
1.63, (3H, d,J 6.9, NCH(CH3)Ar), 1.69-1.80 (2H, m,
NCH2CH»), 2.09-2.25 (2H, m, NCBKCH,CH,CO,EY),
2.81-2.88 (1H, m, N83), 3.23-3.31 (1H, m, NH>), 4.06
(2H,q,J 7.1, CQCH,CHg), 4.17-4.25 (4H, m, OB,CHj3),
5.40 (1H, q,J 6.7, NCH(CHg)Ar), 7.26-7.35 (5H, m,
NCH(CHg)Ar); ¥C-NMR (100MHz, CDCh, 25°C):
14.14 (CQCHCH3), 16.30 (OCHCHj3), 16.89, 18.56
(NCH(CH3)Ar), 24.00, 25.73 (NCHCH>CH,CO,EY),
31.12, 31.86 (NCHCH,CH,COEt), 33.51, 34.04 (d,
Je_p 132, PO®,CO), 42.80, 43.77 (BH,), 51.57,
56.50 (NCH(CH3)Ar), 42.80, 43.77 (C@CH»CHj3), 62.58
(OCH2CHj3), 126.96, 127.66, 128.60, 140.14 (q), 162.85
(C=0), 172.83 COEt); 3'P-NMR (160 MHz, CDGC},
25°C): 13.75; MS (FAB+)m/e 234, 179, 105, 87; HMRS
(FAB+) mfecalculated [M + 1T 440.195050, found [M + 1]
440.195197.

2.3.3. Cyclisation of N-1,2,3,4-tetrahydroquinoliae-
diazowa-(diethoxyphosphoryl)acetami@d

To a refluxing suspension of rhodium(ll) tetraac-
etate (0.0013g, 0.003mmol) in 2.50ml of anhydrous
CoH4Clo, was addedl-1,2,3,4-tetrahydroquinoline-diazo-
a-(diethoxyphosphoryl)acetamid@s (0.10 g, 0.30 mmol) in
1ml of CGH4Clo. After refluxing for 24 h, the mixture
was concentrated and the residue was purified by flash
chromatography (basic alumina AcOEt/Hex 3:7) yielding
the B-lactam 24 (0.07g, 73%) as a viscous yellow oil,
R =0.50 (neutral alumina AcOEt/Hex 2:3)max (film):
1757, 1633, 1265, 1024 cmh; 1H-NMR (400 MHz, CDCE,
25°C, TMS): 1.36 (6H, tJ 7.0, OCHCHg), 1.56-1.66 (1H,
m, NCHCH2CHAY), 2.37-2.44 (1H, m, NCHB,CHAr),
2.86-2.88 (2H, m, NCHCpCH>Ar), 3.52 (1H, dd J-p 16.2
andJ 2.4, POGHCO), 3.92—-4.00 (1H, m, NBCH,CH,Ar),
4.16-4.30 (4H, m, OB,CHz), 7.01 (1H, t, Ar), 7.10-7.22
(2H, m, Ar), 7.44 (1H, d, Ar)13C-NMR (100 MHz, CDC#,
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25°C): 16.32 (OCHCH3), 25.89, 25.92 (NCHCHCH Ar

and NCHCH,CH,Ar), 49.76 (NCHCH,CH,Ar), 54.24 (d,
Jc_p145.0, POEICO), 62.71, (@H,CHg), 118.58; 123.87;
124.32 (q); 127.14; 129.08; 133.60 (q); 159.18=0);

31P-NMR (160 MHz, CDC4, 25°C): 19.17; MS (El)m/e

309, 280, 130, 91, 77; HMRS (Eie calculated [M}

309.112997, found [M] 309.112051.

2.3.4. Cyclisation of (R)-(+)-N-(phenylethylamine)-
N-[3-(ethoxycarbonyl)-propylk-diazo«-
(diethoxyphosphoryl) acetami@&

To a refluxing suspension of rhodium(ll) tetraac-
etate (0.0024g, 0.005mmol) in 4.00ml of anhydrous
CoH4Clp, was added R)-(+)-N-(phenylethylamineN-[3-
(ethoxycarbonyl)-propylk-diazo«-(diethoxyphosphoryl)
acetamide26 (0.24g, 0.55mmol) in 2ml of gH4Cl>.
After refluxing for 4 h, the mixture was concentrated and
the residue was purified by preparative chromatography
(basic alumina AcOEt/Hex 4:6) yielding the-lactam
28 (0.08 9, 40%) as a viscous Yyellow ol =0.33 (neu-
tral alumina AcOEt/Hex 4:6);vmax (film): 3054, 2984,
1730, 1687, 1265, 1026cm; 'H-NMR (400 MHz,
CDCl3, 25°C, TMS): 1.17 (t,J 7.2, CQCH,CHygy),
1.23 (t,J 7.1, CQCH2CHg), 1.31-1.37 (m, OCKCH3),
1.50-1.53 (3H, m, NCH(B3)Ar), 2.22 (dd,J 9.2 and 16.1,
NCH,CHCH,CO,Et), 2.40-2.46 (m, NCHCHCH,CO,E),
2.54 (dd,J 5.1 and] 16.4, NCHCHCH,CO,Et), 2.60-2.66
(m, NCH2,CHCH,CO2Et and NCHCHCH,CO.EY), 2.73
(dd, Jy—p 22.5 andJ 4.9, POCHCO), 2.98-3.00 (m, N8>
and NCHCHCH,CO,Et), 3.32 (t,J 8.4, NCH>), 3.68 (t,J
8.0, NCH,CHCH,CO,Et), 4.04 (q,J 7.0, CQCH,CHg),
4.09-4.27 (m, C@CH»CH3; and O®H,CHs), 5.48 (q,J
6.7, NCH(CHas)Ar); ¥C-NMR (100 MHz, CDC4, 25°C):
14.13 (CQCH2CHg), 15.93, 16.11 (NCHEH3)Ar), 16.42
(OCH,CH3), 30.32, 30.17 (NCHCHCH,CO,Et), 38.59,
38.81 (NCHCHCH,CO,Et), 46.80 (NCH2), 47.06, 47.39
(d, Jc—p 141 and Jc_p 119, POCGICO), 49.32, 49.54
(NCH(CH3)Ar), 60.67, 60.78 (C@CH2CHs), 62.96, 63.18
(OCH2CH3), 127.00, 127.10, 127.56, 127.66, 128.54,
128.61, 139.46 (q), 139.65 (), 167.98<0), 171.04,
171.13 COzEt); 31P-NMR (160 MHz, CDC4, 25°C):
23.19, 23.30; MS (El)m/e 411, 306, 260, 220, 105;
HMRS (El) m/e calculated [Mf 411.181076, found [M]
411.181733.

2.3.5. General procedure for the cyclisation of
a-diazoa-(diethylphosphono)acetamides with chiral
dirhodium(ll) catalysts

To a suspension of the chiral dirhodium(ll) catalyst
(1.0 mol%) in 1.75ml of anhydrous #E4Cl,, was added
the appropriated-diazo«-(diethoxyphosphoryl)acetamide
(0.15mmol). The resulting mixture was refluxed until all
a-diazo«-(diethoxyphosphoryl)acetamide was consumed.
Then the mixture was concentrated and the residue purified
by flash chromatography (basic alumina AcOEt/Hex).
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O’>~ o o (OE1),0P o]
O/AN CO,Me EtO-;A S catalyst1%
N _—_
e EtO \o——— CoH,Cl, relux N~ 8y
- o Nz
|
RhZ—=Rh 10 11
4Rhy(4S-MEOX), 17
o 0 (OEt),0P 0
5 Ar=p(CioHps)CeHa Rhy(S-DOSP), Eto‘;Fl P _caualystis,
6 Ar=p/BuCgH, Rhy(S-TBSP), EtO No-Ph CzHyCly relux N
0 < o - Ny PH j
R - —OH - 13 Ph
- _N H Ph OMe 12 3
H (¢]
o I o CI)/ ?/ (I)/ CI)/ Scheme 4.
| ] Rh—Rh Rh=—Rh
RV R 17 17

1

8 R=OH

Rh,(S-mandelate),
(7 R =Bn Rhy(S-PTPA), j 9 R=0OMe Rhy(R-methoxy-mandelate)

Scheme 3.

2.4. Preparation ofy-lactam?29

A solution of y-lactam 28 (0.08 g, 0.21 mmol) in THF

(Scheme R we performed the cyclisation of the symmet-
rical a-diazow-(dialkoxyphosphoryl)acetamidd® and12,
with some of the most successful catalysts reported for
dirhodium(ll) mediated diazo transformatiorgcheme 4nd
Table 1.

The cyclisation with Ri(S-DOSP)5and R(S TBSP)6
afforded moderate to high yields of the desired lactdrhs
and13, nevertheless, low asymmetric-induction was achieved

(3ml) was slowly added to a magnetically stirred mixture of with these catalysts (entries 2 and 3).

NaH in 6 ml of THF at 0 C. The mixture was stirred 15 mim

As in the previous cases, low levels of enantios-

and acetaldehyde (0.028 g, 0.65 mmol) was added. The mix-electivities, were observed when using the less elec-
ture was stirred at this temperature for 3 h. The reaction mix- tronwithdrawing and presumably more selective catalyst,
ture was concentrated and the residue was chromatographe®h,(4S-MEOX)44 (entry 1).The efficiency observed by

on SiQ (preparative TLC, AcOEt/Hex 3:7) yielding 31% of
v-lactamZ-29and 38% oE-29. They-lactam Z29diastere-
omer is a mixture ofRR,S)-Z-29 (major, de =27%, by HPLC)
and R R)-Z-29(minor) by comparison with reportétH- and

13C-NMR data for R R)-Z-29[11].

3. Results and discussion

Taking advantaged of the structural diversity of chi-
ral dirhodium(ll) catalysts described in the literature

Hashimoto and co-worke{8] on the cyclisation o&-diazo-
a-(methoxycarbonyl)acetamides with KB-PTPA)7 was
then again not repeated in this case, though a moderate enan-
tiomeric excess was observed on the cyclisation of substrate
12, yielding B-lactam13in 72% yield and 28%e (entry 4).
More interesting results were obtained when the cyclisation
was performed with Ri{S mandelate) [10] 8 and Rh(R-
methoxy-mandelatg)10] 9, both catalysts induced a simi-
lar level of stereoselectivity and enantioselectivity on{he
lactam formation (entries 5 and 6) but when the cyclisation of
a-diazoacetamidé2 was performed with Ri{R-methoxy-

Table 1
Cyclisation ofa-diazo-«-(dialkoxyphosphoryl)acetamidd® and 12 with chiral dirhodium(ll) catalysts
Entry Catalyst Substrati) Substratel 2

Conditions cistrans Yield (isolated) ee(%) Conditions cistrans Yield (isolated) ee(%)

(crude, %} (%)P (crude, %} (%)P

1 4 24 h, reflux 0/100 72 1« 48 h, reflux 29/71 52 1
2 5 4h, reflux 14/86 91 g 4h, reflux 20/80 80 19
3 6 4 h, reflux 14/86 90 1 4 h, reflux 20/80 65 €8
4 7 4h, reflux 17/83 73 12 4h, reflux 17/83 72 28
5 8 4 h, reflux 10/90 87 14 4 h, reflux 19/81 60 %6
6 9 4h, reflux 15/85 89 1% 4h, reflux 25/75 70 2

a cigltransratio obtained by!P-NMR.

b All isolated compounds ateansdiastereomers as a result of epimerization during purification on basic alumina.
¢ Major enantiometg (min)-12.18.

d Major enantiometg (min)-21.18.

€ Major enantiometg (min)-11.63.

f Major enantiometg (min)-13.11.
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Scheme 5. Scheme 6.
mandelate) thep-lactaml3was obtained in 70% yield and
with 40%ee a-methoxy-mandelate by a bulkier group, could improve
Further evaluation of the more active catalysts, was un- the enantioselectivity. Unfortunately catalji& (Scheme Y

dertaken on the cyclisation of the asymmetricatliazo- prepared with mandelate protected with TBDNI®)], cat-
a-(dialkoxyphosphoryl)acetamiddsl and 16, as shown in alyzed the cyclisation of-diazoacetamidé4 and 16 only
Scheme @andTable 2 with moderate enanteomeric excesses (15-21%). Catalysts

Once again, the RiiR-methoxy-mandelatg® furnished 19 and 20 prepared with commercially available chiral car-
the highest degree of enantioselectivity. In this case, cyclisa-boxylic acids[10], also did not improve the cyclisation
tion of a-diazoacetamidé4 with an aryl group nearby the  enantioselectivity on both substrates tested, as shown in
insertion center yielded the-lactam in 86% and with 40%  Table 3
ee The introduction of théert-butyl in thea-diazoacetamide The influence of a more constraineddiazoacetamide
16resulted in a decrease of the enantioselectivity when com-framework was also considered. Cyclisation of-
pared with the formation g8-lactam13with the same cata-  diazoacetamid@3, resulted in the formation of thg-lactam
lyst. This fact is probably related with the steric effect exerted 24 in good overall yields with high regio and stereoselec-
by thetert-butyl on the transition state conformation, altering tivity, surprisingly, no addition to the aromatic moiety was
in this way, the GH insertion stereo and enantioselectivity observed $cheme B The catalyzed cyclisation with chiral

as shown irscheme 6 [4] catalystsz, 8, 9, 18, 19, 20vielded the desire@-lactam24
The observed ligand influence on the cyclisation, spe- with low enantioselectivityTable 4 <16%).
cially when Rh(Smandelate)8 and the Rh(R-methoxy- Catalyzed cyclisation ai-diazoacetamid27with Rhp (S

mandelate)9 catalysts were used, drew our attention to mandelate) resulted in the formation of produ28in 54%

the catalyst design in order to enhance the enantioselecyield as a mixture with a 1:1.7 diastereomeric ratio (based on
tivity rate. Taking these two catalysts as structural mod- 3!P-NMR). Condensation of-lactam28with acetaldehyde,
els we envisioned that substitution of the methoxy on the yielded produc29 as a mixture ofE and Z diastereomers

Table 2

Cyclisation ofa-diazo-«w-(dialkoxyphosphoryl)acetamiddgl and 16 with Rhy(SPTPA)7, Rhp(Smandelate)d and Rb(R-methoxy-mandelatgd

Entry Catalyst Conditions £H4Cl; cis/trans(crude, %} Yield (isolated) (%Y ee(%)

Substratel4
1 7 4h, reflux 7/93 70 15
2 8 4 h, reflux 12/88 76 18
3 8 24h, 60°C 11/89 97 22
4 9 4h, reflux 17/83 86 2

Substratel 6
5 7 4 h, reflux 83/17 83 20
6 8 4h, reflux 70/30 81 11
7 8 48h, 60°C 80/20 91 16
8 9 4 h, reflux 80/20 90 i)

a cigltransratio obtained byP-NMR.

b All isolated compounds atteansdiastereomers as a result of epimerization during purification on basic alumina.
¢ Major enantiometg (min)-15.78.

d Major enantiometg (min)-28.67.

€ Major enantiometr (min)-12.91.

f Major enantiometg (min)-16.76.
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Table 3
Cyclisation ofa-diazo-«-(dialkoxyphosphoryl)acetamiddgl and 16 with catalystsl8-20
Entry Catalyst Conditions £H4Cl; cigtrans(crude, %% Yield (isolated) (%Y ee(%)
Substratel4
1 18 4h, reflux 7/93 70 2
2 19 4n, reflux 7/93 81 1%
3 20 4, reflux 6/94 76 2
Substratel 6
4 18 4h, reflux 91/9 76 1%
5 19 4h, reflux 82/18 94 ¢
6 20 4h, reflux 94/6 88 1%

a cigltransratio obtained by*P-NMR.
b Allisolated compounds areansdiastereomers as a result of epimerization during purification on basic alumina.
¢ Major enantiometg (min)-15.78.
d Major enantiometg (min)-28.67.
€ Major enantiometg (min)-12.91.

H

N-substituent was placesynto the sterically less demanding
amide carbonyl groupScheme }, distanced from the reac-
tive metal-carbene centre. Assuming that similar behavior is
expected for the chiral catalysts used, we can assume that the

o” o ~—omMe 07 Yo ; e thal
Il 1 Ph | -~ chiral catalyst stereocontrol for the other substrates is similar
A '7':"“ o I o i to the one determined for the substrag
| -~ | -~
h=—Rh i
R-18 - | - I R ﬁ o = o -
EtO~ : s
o’ P\)j\ N ~ph Hk A~ -
R-19 N
26 Br K"\
Scheme 7. CO2Et CO,Et
25
which were separated by preparative TLC and assigned basec
on thedy of the olefinic protonscheme P The preparation o e o o .
; P EtO~ : H
of this molecule allowed the determination of the absolute EtO’P\[HLN/\Ph (Et0),0Ps,. N/'\Ph

configuration at C-4 for the major diastereomendfctam

28, as theS configuration, by comparison of the spectral
data H- and13C-NMR) with the reported one for the di-
astereomerR,R)-Z-29 [11], as shown irGcheme 9In case

of the Rip(OAC), catalyzed €H insertion for other diazo
substrates containing th&g¢N-(phenylethylamino) group,
low diastereocontrol was observgt], probably due to the
conformation adopted by the intermediate, in which the larger

C,H,Cl,, relux
27 2H4%12.

CO,Et

N, Kk Rhy(mandelate),, 1%’

=5.92 o

EtO,C

40% yield diasteriomer
mixture with 1.7:1 ratio

acetaldehyde
NaH, THF, rt

\LH = N/\Ph
)

Et0,C

=5.92

0 =
NP WS

EtO,C—" ((R,R)- minor

0 0
i 9
Et0” N -~ N e
22 =6.59 :
Br = N “~pn
N
21 EtO,C
o "o (E-29 38%, 26%de )
EtO~p catalyst, 1% O
’ _— N
EtO N CoH,Cl, relux
N2 ,"l
23 PO(OEt)s
0 [ (R,S) and R,R) Z-29 31%, 27%de]
Scheme 8. Scheme 9.
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Table 4

Cyclisation ofa-diazo«-(dialkoxyphosphoryl)acetamidg8 with Rhy(OAc)s, catalysts/—9 and18-20

Entry Catalyst Conditions £H4Cl» cigtrans(crude, %% Yield (isolated) (%Y ee(%)

Substrate3
1 Rh2(OAC)4 4h, reflux 21/79 73 -
2 7 4, reflux 25/75 80 19
3 8 4h, reflux 25/75 65 )
4 9 4h, reflux 17/83 75 %
5 18 4h, reflux 28/72 65 1%
6 19 4h, reflux 7/93 73 1%
7 20 4h, reflux 22/72 67 6

2 cigltransratio obtained by!P-NMR.

b All isolated compounds atteansdiastereomers as a result of epimerization during purification on basic alumina.
¢ Major enantiometg (min)-10.34.

d Major enantiometg (min)-14.30.
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