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Abstract: A variety of 3,5-unsubstituted 4-O-benzy! tetramates 10
was prepared in good overall yield from methyl (E)-3-benzyloxy-4-
oxobut-2-enoate 7 by a reductive amination-actamization se-
quence. An efficient approach to this building block as well as to
various 3-alkoxy analogues is presented.
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Enol ethers of 3,5-unsubstituted tetramic acids [4-alkoxy-
pyrrol-2(5H)-ones] 1 are versatile building blocks for the
synthesis of a wide variety of natural products and ana-
logues thereof,* a number of which exhibit interesting bi-
ological activities, including potent antibacteria and
immunosupressive properties. Unlike their oxygen ana-
logue, tetronic acid, 3,5-unsubstituted tetramic acids (pyr-
rolidine-2,4-diones) are generally unsuitable starting
materials for the preparation of the corresponding enol
ethers,? since they are prone to self-condensations under
the requisite reaction conditions.3* Thus they are usually
prepared by reaction of alkyl (E)-4-bromo-3-alkoxybut-2-
enoates or the respective 4-chloro analogues with ammo-
nia or primary amines in moderate to good yields.®> The
former building blocks are readily available by bromina-
tion of alkyl acetoacetate derivative alkyl 3-alkoxybut-2-
enoates with N-bromosuccinimide or by acid-catalyzed
enol ether formation from alkyl 4-chloroacetoacetates.
These approaches, however, are essentially restricted to
the formation of 4-O-methyl and 4-O-ethyl derivatives.
Other 4-O-alkyl tetramates, e.g. 4-benzyloxypyrrol-
2(5H)-one have to be prepared indirectly.® Thus heating
of commercially available 4-methoxypyrrol-2(5H)-one
with an excess of benzyl alcohol in the presence of strong
acid afforded the corresponding 4-O-benzyl tetramate in
satisfactory yield. Quite naturally, this method is incom-
patible with acid-sensitive alcohols and tetramates. We
now report a new, general entry to 3,5-unsubstituted 4-O-
alkyl tetramates, which offers high flexibility in the
choice of substituents both at O-4 and N-1.

Tetramates 1 were envisioned to arise from two key trans-
formations: (a), the conjugate addition of alcohols to the
known butynoate 3,” followed by deprotection and subse-
guent oxidation of the alylic hydroxyl group to give alde-
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hyde 2; and (b), reductive amination of this building block
followed by lactamization (Scheme 1).

S mapg =1,

OTBDMS
1 2 3
Scheme 1

According to the method of Inanaga and co-workers? a
variety of alcohols was added to butynoate 3, using tri-
methylphosphine as a nucleophilic catalyst to give enol
ethers4 and 5 in good overall yields (Scheme 2; Table 1).
To attain such high yields, however, the order of addition
of the reagents is quite critical, since 3 rapidly undergoes
self-condensation in the presence of the trialkylphosphine
catalyst. Accordingly, the best yields of enol ethers were
accomplished by slow addition of 3 to amixture of there-
spective alcohol (1.1-3.0 equiv) and trimethylphosphine
(10 mol%) in dichloromethane at 0 °C. In the case of pri-
mary alcohols, the desired E-configurated enol ethers 4
were obtained almost exclusively (E:Z = 97:3) (Table 1,
entries 1-5). However, even with a secondary acohol
bearing bulky substituents, only slightly higher amounts
of the respective Z-isomer 5 arose (Table 1, entry 7). The
double-bond geometry in E/Z-isomers 4 and 5 was deter-
mined on the basis of NOE experiments. Thus irradiation
of H-4, in the case of Z-isomers 5, gave riseto significant

NOE'sfor H-2.
0] OMe
ROH, PMe; (0.1 equiv),
I ’ CH,Cl,, 0°Ctort
OTBDMS OTBDMS OTBDMS
3 4 5

Scheme 2

In the course of our further studieswe focused on the syn-
thesis of 4-O-benzyl tetramates 10. As depicted in
Scheme 3, the appropriate key intermediate 7 was readily
obtained from 4c in an efficient two-step sequence.
Deprotection of the hydroxy group was achieved under
mild conditions by treatment with HF—pyridine® (Olah’s
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Tablel Conjugate Additionsof Various Alcoholsto Butynoate 3

Entry R= Product Yield® Ratio”4:5
(%)
1 Me 4a 80 98:2
2 TMSCH,CH, ab 85 99:1
3 Bn 4c 90 97:3
4 p-MeOC¢H,CH, 4d 69 97:3
5 CH,=CHCH, de 81 97:3
6 i-Pr 4f 75 96:4
7 (1R)-menthyl 4g 78 95:5

aYield of isolated, purified product 4.
b Ratio 4:5 determined by *H NMR (500 MHz) of the crude products.

reagent) in THF at 0°C or aternatively with HF (1.0
equiv) in acetonitrile at the sametemperatureto givey-hy-
droxy ester 6 in 84% and 80% yield, respectively. Under
the latter conditions, however, we also obtained small
amounts of 4-benzyloxyfuran-2(5H)-one, due to lacton-
ization of the y-hydroxy ester. The subsequent oxidation
of alcohol 6 was accomplished with 2-iodoxybenzoic acid
(1IBX)in DMSO at r.t. to afford aldehyde 7 in excellent
yield (99%).

HF-pyridine, IBX (1.5 equiv),

THF, 0°C OMe DMSO,rt OMe
4c _— | I H
84% BnO 99% BnO
OH [0}
6 7
Scheme 3

Finally key building block 7 was converted into a series of
4-O-benzyl tetramates 10 by a reductive amination-ac-
tamization sequence (Scheme 4, Table 2).1

(o]
RNH,
Method A or B [ OMe
7 H
BnO 1
No
R
8
o]
| OMe o JffNR
BnO BnO
R/NH 10
9
Scheme 4

Table2 Consecutive Reductive Amination—actamization of Alde-
hyde 7 with Various Primary Amines

Entry R= Method® Product Yield®
(%)
1 Me A° 10a 84
2 HC=CCH, A 10b 48
3 Bn A 10c 73
4 (9-PhCH(Me) B 10d 74
5 (#)-CH(i-P)COOMe ~ B° 10e 65
6 t-Bu B 10f 66
7 Ph B¢ 109 53

aMethod A: (i), amine (1.5 equiv), MS 3 A, THF, rt., 24-40 h; (i),
NaBH, (1.3 equiv), MeOH, 45 °C, 24 h. Method B: (i), amine (1.5
equiv), MS3 A, THF, r.t., 24-40 h; (ii), NaBH, (1.3 equiv), MeOH,
45 °C, 24 h; (iii), toluene-HOACc = 10:1, A, 1.5 h.

bYield of isolated, purified product 10.

¢ The respective hydrochlorimide (1.5 equiv) together with i-Pr,NEt
(2 equiv) was used instead of the free amine.

49HOAC (1.0 equiv) was added to catalyze the formation of the imine.

The reductive aminations were best accomplished in a
stepwise manner involving preformation of theintermedi-
ate imines 8 followed by reduction.!? Initially the imines
8 were generated almost quantitatively by reaction of al-
dehyde 7 with the respective amines (1.5 equiv) in the
presence of a dehydrating agent [molecular sieves (MS) 3
A, THF, r.t., 24-40 h]. In the case of volatile or unstable
amines the respective hydrochlorides (1.5 equiv) were
used by adding N,N-diisopropylethylamine (2.0 equiv).
As determined by *H NMR, the crude imines 8 were suf-
ficiently pure (> 95%) for the subsequent reactions and
employed as such. The reductions were carried out by
treatment of the imines 8 with sodium borohydride (1.3
equiv) in methanol at 45 °C for 24 hours.*® In case of un-
hindered aliphatic amino residues, spontaneous cyclisa-
tion of the intermediate y-amino esters 9 occurred, to give
the corresponding 4-O-benzyl tetramates 10 directly in
satisfactory to good overall yields (Table 2, entries 1-3).
On the other hand, with aromatic or bulky aiphatic resi-
dues present, mainly the respective y-amino esters 9 were
obtained, even after prolonged heating at 45 °C, in addi-
tion to minor amounts of the desired tetramates 10. Nev-
ertheless these lactamizations could be driven to
completion by heating the crude reduction products in a
10:1 mixture of toluene and glaciad acetic acid for 1.5
hours (Table 2, entries 4-7).

In conclusion we have developed a general approach to
3,5-unsubstituted 4-O-akyl tetramates starting from
readily available butynoate 3, which offers high flexibility
in the choice of substituents both at O-4 and N-1.

Unless otherwise noted, reactions were carried out in oven-dried
glassware under an atmosphere of dry N,. All reagents were used as
commercially available. CH,CI, was distilled from CaH, and THF
from sodium metal immediately before use. Flash chromatography:
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silicagel (Merck 60, 0.040-0.063 mm). Mp (uncorrected values):
Electrothermal 9100 (Electrothermal). Optical rotations: Polarime-
ter 241 (Perkin Elmer). *H NMR spectra: Eclipse 500 FTNMR
spectrometer (Jeol), 500 MHz, chemical shifts (8) are reported in
ppm, TMSasinternal standard. IR spectra: FT-IR spectrometer FT/
IR-410 (Jasco). Mass spectra: 5989 Mass spectrometer with 59980
B particle beam LC/MS interface (Hewlett Packard); APl 2000
(Applied Biosystems). High resolution mass spectrometry: MSta
tion 700 (Jeol). Elemental analysis: CHN Rapid (Heraeus).

Conjugate Addition of Alcoholsto Butynoate 3; General Proce-
dure

A solution of butynoate 3 (228 mg, 1.0 mmol) in CH,Cl, (5 mL)
was added dropwise to a solution of the alcohol (3.0 mmol) and
PMe; (100 uL, 1.0 M in THF, 0.1 mmol) in CH,CI, (5 mL) at 0 °C
by means of a syringe. Then the reaction mixture was allowed to
warm to r.t. and stirred overnight, before it was concentrated under
reduced pressure. The crude product (mixture of E/Z-isomers) was
purified by flash chromatography.

Methyl (E)-4-(tert-Butyldimethylsilanyloxy)-3-methoxybut-2-
enoate (4a) and Methyl (Z2)-4-(tert-Butyldimethylsilanyloxy)-3-
methoxybut-2-enoate (5a)

Prepared according to the genera procedure from 3 (183 mg, 0.8
mmol) and MeOH (97 uL, 2.4 mmol). Purified by flash chromatog-
raphy (hexane-CH,Cl,—Et,0, 90:5:5) to give 4a (167 mg, 80%) and
5a (4 mg, 2%) as colorless ails.

4a: IR (film): 3008, 1715, 1632 cm.

IH NMR (CDCly): § =0.09 (s, 6 H, SICH,), 0.91 [s, 9 H, (CH,),C],
3.68 (2x s, 6 H, 2x OCHy), 4.83 (s, 2 H, CH,0Si), 5.02 (s, L H,
C=CH).

MS (CI, CH,): m/z (%) = 261 (58) [M + H*] 107 (100).

Ana. Calcd for C,,H,,0,Si (260.4): C, 55.35; H, 9.20. Found: C,
55.35; H, 9.29.

5a: *H NMR (CDCly): $=0.10 (s, 6 H, SiCH,), 0.92 [s, 9 H,
(CH,);C], 3.68 (s, 3 H, OCH,), 3.94 (s, 3 H, OCH,), 4.19 (d, 2 H,
J=0.9 Hz, CH,0Si), 5.24 (t, 1 H, J = 0.9 Hz, C=CH).

Methyl (E)-4-(tert-Butyldimethylsilanyloxy)-3-(2-trimethylsi-
lanylethoxy)but-2-enoate (4b) and Methyl (Z)-4-(tert-Butyldim-
ethylsilanyloxy)-3-(2-trimethylsilanylethoxy)but-2-enoate (5b)
Prepared according to the genera procedure from 3 (686 mg, 3.0
mmol) and 2-(trimethylsilyl)ethanol (1.29 mL, 9.0 mmol). Purified
by flash chromatography (hexane-CH,Cl—Et,0, 95:2.5:2.5) to
give 4b (882 mg, 85%) and 5b (2.2 mg, 0.2%) as colorless ails.

4b: IR (film): 3010, 1716, 1628 cm™.

1H NMR (CDCl): § = 0.06 (s, 9 H, SiCH,), 0.09 (s, 6 H, SICHy),
0.91 [s, 9 H, (CHs)sC], 1.10 (m, 2 H, CH,CH,Si), 3.67 (s, 3 H,
OCH,), 3.88 (m, 2 H, CH,CH,Si), 4.80 (br d, 2 H, J = 0.5 Hz,
CH,0Si), 4.97 (brt, 1 H, J = 0.5 Hz, C=CH).

MS (CI, CH,): m/z (%) = 347 (20) [M + H*] 303 (100).

Anal. Calcd for C;gH3,0,Si, (346.6): C, 55.44; H, 9.89. Found: C,
55.56; H, 9.71.

5b: 'H NMR (CDCl,): =0.04 (s, 9 H, SICH.), 0.09 (s, 6 H,
SiCH,), 0.91[s, 9 H, (CHy),C], 1.10 (m, 2 H, CH,CH,Si), 3.67 (s, 3
H, OCH,), 4.14 (d, 2 H, J=1.0 Hz, CH,0Si), 4.26 (m, 2 H,
CH,CH,Si), 5.27 (t, 1 H, J = 1.0 Hz, C=CH).

M ethyl (E)-3-Benzyloxy-4-(tert-butyldimethylsilanyloxy)but-2-
enoate (4c) and Methyl (Z)-3-Benzyloxy-4-(tert-butyldimethyl-

silanyloxy)but-2-enoate (5c)

Prepared according to the general procedure from 3 (2.28 g, 10.0
mmol) and benzyl acohol (1.14 mL, 11.0 mmol). Purified by flash

chromatography (hexane-CH,Cl,—Et,0, 90:5:5) to give 4c (3.03 g,
90%) and 5c¢ (106 mg, 3%) as colorless oils.

4c: IR (film): 3093, 3065, 3034, 1714, 1630 cm™.

IH NMR (CDCls): 3 = 0.05 (s, 6 H, SiCH5), 0.88 s, 9 H, (CHy),Cl,
3.67 (s, 3H, OCH,), 4.87 (s, 2 H, CH,0Si), 4.88 (s, 2 H, CH,Ph),
5.12 (s, 1 H, C=CH), 7.31-7.38 (m, 5 H, H,,,).

13C NMR (CDCly): §=-5.28 (SICH,), 18.39 [(CH,),C], 25.88
[(CHa)5C], 50.99 (OCHS,), 60.57 (C-4), 70.32 (CH,Ph), 91.99 (C-2),
127.61-128.23, 135.35 (CgHs), 167.36 (C-1), 171.97 (C-3).

MS (CI, CH,): mVz (%) = 337 (80) [M + H*] 279 (100).

Anal. Calcd for C;gH,0,Si (336.5): C, 64.25; H, 8.39. Found: C,
64.38; H, 8.30.

5c: '"H NMR (CDCly): $=0.06 (s, 6 H, SiCH;), 0.90 [s, 9 H,
(CH4)Cl, 3.71 (s, 3H, OCH,), 4.14 (d, 2 H, J = 1.1 Hz, CH,0Si),
5.25(s, 2 H, CH,Ph), 5.38 (t, 1H, J = 1.1 Hz, C=CH), 7.29-7.42 (m,
5H, Hyom)-

Methyl (E)-4-(tert-Butyldimethylsilanyloxy)-3-(4-methoxyben-
zyloxy)but-2-enoate (4d) and M ethyl (Z)-4-(tert-Butyldimethyl-
silanyloxy)-3-(4-methoxybenzyloxy)but-2-enoate (5d)

Prepared according to the general procedure from 3 (183 mg, 0.8
mmol) and 4-methoxybenzy! alcohol (298 L, 2.4 mmol). Purified
by flash chromatography (hexane-CH,CI—Et,0, 8:1:1) to give 4d
(202 mg, 69%) and 5d (12 mg, 3%) as colorless ails.

4d: IR (film): 2998, 1714, 1628 cm™.

IH NMR (CDCls): § = 0.03 (s, 6 H, SiCH,), 0.87[s, 9 H, (CH2)sC],
3.67 (s, 3 H, COOCH,), 381 (s, 3 H, OCH,), 4.80 (s, 2 H,
CH,CgH,OCHj), 4.85 (s, 2 H, CH,0Si), 5.12 (s, 1 H, C=CH), 6.87—
6.91 (M, 2 H, Hyop), 7.28-7.32 (M, 2 H, Hyon).

13C NMR (CDCly): § =-5.28 (SiCHa), 18.40 [(CHy),C], 25.83
[(CH3)sC], 50.97 (COOCH,), 55.29 (OCH,), 60.63 (C-4), 70.21
(CH,CH,OMe), 91.76 (C-2), 113.92, 127.40, 129.41, 159.65
(CeH,OCH,), 167.43 (C-1), 172.10 (C-3).

MS (Cl, CH,): m/z (%) = 367 (48) [M + H*] 121 (100).

Anal. Calcd for C;gH5,0sSi (366.5): C, 62.26; H, 8.25. Found: C,
62.01; H, 8.53.

5d: 'H NMR (CDCl,): $=0.06 (s, 6 H, SICHy), 0.90 [s, 9 H,
(CH,):C], 3.71 (s, 3 H, COOCHS), 3.81 (s, 3 H, OCHy), 4.12 (d, 2
H,J=1.0Hz, CH,0Si), 5.18 (s, 2 H, CH,C4H,OCH,), 5.38 (t, 1 H,
J=1.0Hz, C=CH), 6.87-6.91 (M, 2 H, Hop), 7.26-7.34 (M, 2 H,
Harom)'

Methyl (E)-3-Allyloxy-4-(tert-butyldimethylsilanyloxy)but-2-
enoate (4e) and (Z)-3-Allyloxy-4-(tert-butyldimethylsilanyl-
oxy)but-2-enoate (5€)

Prepared according to the general procedure from 3 (183 mg, 0.8
mmol) and alyl alcohol (164 L, 2.4 mmol). Purified by flash chro-
matography (hexane-CH,Cl—Et,0, 90:5:5) to give 4e (188 mg,
82%) and 5e (6 mg, 3%) as colorless oils.

4e: IR (KBr): 3089, 3019, 1715, 1630 cm ™.

IH NMR (CDCl): 8 =0.09 (s, 6 H, SiCH,), 0.90[s, 9 H, (CH):C],
3.67 (s, 3 H, OCH,), 4.36 (dt, 2 H, J= 1.5, 5.5 Hz, CH,CH=CH,),
484 (s, 2H, CH,0Si), 5.02 (s, 1 H, C=CH), 5.29 (ddd, 1 H, J = 1.5,
3.0, 10.6 Hz, CH,CH=CH.,), 5.39 (ddd, 1 H, J= 1.5, 3.0, 17.3 Hz,
CH,CH=CH,), 597 (ddt, 1 H, J=55 106, 17.3 Hz
CH,CH=CH,).

13C NMR (CDCly): § =-5.25 (SiCHa), 18.42 [(CHy),C], 25.85
[(CH,)5C], 50.95 (OCH,), 60.61 (C-4), 69.16 (CH,CH=CH.,), 91.53
(C-2), 118.40 (CH,CH=CH,), 131.62 (CH,CH=CH,), 167.37 (C-1),
171.88 (C-3).

MS (CI, CH,): m/z (%) = 287 (85) [M + H*] 255 (100).
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HRMS: m/z Cdcd for C,H,O,S (M*): 286.1600. Found:
286.1600.

5e: *H NMR (CDCly): 3=0.09 (s, 6 H, SiCHy), 0.91 [s, 9 H,
(CH,);C], 3.69 (s, 3 H, OCH,), 4.17 (d, 2 H, J = 1.0 Hz, CH,0Si),
4.70(dt, 2H, J = 1.5, 5.3 Hz, CH,CH=CH,), 5.24 (ddd, 1 H, J = 1.5,
3.1, 10.6 Hz, CH,CH=CH,), 5.33 (t, 1 H, J = 1.0 Hz, C=CH), 5.40
(ddd, 1 H, J=15, 3.1, 17.2 Hz, CH,CH=CH,), 5.96 (ddt, 1 H,
J=53,10.6, 17.2 Hz, CH,CH=CH,).

Methyl (E)-4-(tert-Butyldimethylsilanyloxy)-3-isopr opoxybut-
2-enoate (4f) and Methyl (Z)-4-(tert-Butyldimethylsilanyloxy)-
3-isopropoxybut-2-enoate (5f)

Prepared according to the genera procedure from 3 (183 mg, 0.8
mmol) and i-PrOH (184 pL, 2.4 mmol). Purified by flash chroma
tography (hexane-CH,Cl—Et,0, 90:5:5) to give 4f (173 mg, 75%)
and 5f (7 mg, 3%) as colorless ails.

4f: IR (film): 1716, 1624 cm ™,

IH NMR (CDCl): § = 0.08 (s, 6 H, SICH,), 0.93 [s, 9 H, (CH):C],
1.31[d, 6H, J = 6.1 Hz, CH(CH,),], 3.66 (5, 3H, OCHS,), 4.40 [sept,
1H, J=6.1Hz, CH(CH,),], 4.80 (br s, 2 H, CH,0Si), 4.98 (br s, 1
H, C=CH).

MS (CI, CH,): miz (%) = 289 (24) [M + H*] 257 (100).

Anal. Calcd for C,H,0,Si (288.5): C, 58.29; H, 9.78. Found: C,
58.39; H, 9.61.

5f: *H NMR (CDCl,): §=0.09 (s, 6 H, SiCHa), 0.92 [s, 9 H,
(CH,);C], 1.29[d, 6 H, J = 6.1 Hz, CH(CHs),], 3.68 (5, 3H, OCHy),
411 (d, 2 H, J=1.1 Hz, CH,0S), 4.81 [sept, 1 H, J=6.1 Hz,
CH(CH,),], 539 (t, 1 H, J = 1.1 Hz, C=CH).

M ethyl (E)-4-(tert-Butyldimethylsilanyloxy)-3-[(1R,2S,5R)-2-
isopropyl-5-methylcyclohexyloxy]but-2-enoate (4g) and M ethyl
(2)-4-(tert-Butyldimethylsilanyloxy)-3-[(1R,2S,5R)-2-isopr opyl-
5-methylcyclohexyloxy]but-2-enoate (5g)

Prepared according to the genera procedure from 3 (228 mg, 1.0
mmol) and (-)-menthol (469 mg, 3.0 mmol). Purified by flash chro-
matography (hexane-CH,Cl,—Et,O, 90:5:5) to give 4g (299 mg,
78%) and 5g (11 mg, 3%) as colorless ails.

4g; [a]p® -107° (c = 1.08, CH,Cl,).
IR (film): 3089, 3018, 1715, 1623 cm™.

IH NMR (CDCl): § = 0.07 (s, 3 H, SiCHj), 0.08 (s, 3 H, SICHy),
0.72(d, 3H, J = 6.8 Hz, CHCH), 0.86-1.10 (m, 3H, CH and CH,),
0.88[d, 3H, J = 7.1 Hz, CH(CH,),], 0.90[s, 9 H, (CH,)sC], 0.92[d,
3H,J = 6.6 Hz, CH(CH,),], 1.37-1.50[m, 2 H, CH and CH(CH,),],
1.66-1.74 (m, 2H, CH,), 2.09-2.19 (m, 2 H, CH, and CHCH), 3.67
(s, 3H, OCH,), 3.92[dt, 1 H, J = 4.1, 10.6 Hz, OCH], 4.60 (d, 1 H,
J=13.7Hz, CH,0Si), 499 (d, 1 H, J = 13.7 Hz, CH,0Si), 5.02 (br
s, 1H, C=CH).

MS (CI, CH,): m/z (%) = 385 (100) [M + H*].

Anal. Cdcd for C,,H,,0,S (384.6): C, 65.58; H, 10.48. Found: C,
65.53; H, 10.76.

5¢: 'H NMR (CDCl,): 8 = 0.10 (s, 6 H, SiCHs), 0.81 (d, 3H, J = 7.0
Hz, CHCH,), 0.86-1.13 (m, 3H, CH and CH,), 0.91[d, 3H, J= 6.4
Hz, CH(CH.),], 0.92 [s, 9 H, (CH.)C], 0.92 [d, 3 H, J=6.9 Hz,
CH(CH,),], 1.35-1.49 [m, 2 H, CH and CH(CH,),], 1.63-1.71 (m,
2 H, CH,), 2.00-2.18 (m, 2 H, CH, and CHCH,), 3.66 (s, 3 H,
OCH,), 4.10 (dd, 1 H, J=0.8, 15.7 Hz, CH,0Si), 4.17 (dd, 1 H,
J=0.8, 15.7 Hz, CH,0Si), 4.36 [dt, 1 H, J = 4.2, 10.4 Hz, OCH],
5.27 (t, 1 H, J = 0.8 Hz, C=CH).

M ethyl (E)-3-Benzyloxy-4-hydr oxybut-2-enoate (6)

HF—pyridine complex (Olah’sreagent) (10.0 mL, ca. 70% HF) was
added dropwise to asolution of 4c¢ (2.82 g, 8.38 mmol) in THF (168
mL) at 0 °C and stirred for 3.5 h. Sat. ag NaHCO; (300 mL) was

added, the pH value was adjusted to 8.0 with NaHCO;, and the mix-
ture was extracted with Et,O (4 x 300 mL). The combined organic
layers were washed with 10% aq KH,PO, (3x100 mL) and H,O (2
x 100 mL), dried (MgSO,) and evaporated under reduced pressure.
The residue was purified by flash chromatography (pentane-ace-
tone, 9:1) to give 6 (1.56 g, 84%) as a colorless ail.

IR (film): 3447, 1709, 1688 cm™.

IH NMR (CDCl,): § = 3.73 (s, 3H, OCH,), 430 (t, 1 H, J = 7.4 Hz,
OH), 4.45 (d, 2 H, J = 7.4 Hz, CH,0H), 4.85 (s, 2 H, CH,Ph), 5.25
(s, 1H, C=CH), 7.34-7.42 (M, 5 H, Hq.).

MS (CI, CH,): m/z (%) = 223 (20) [M + H"], 191 (100).

Anal. Calcd for C,H,,0, (222.2): C, 64.85; H, 6.35. Found: C,
65.18; H, 6.24.

M ethyl (E)-3-Benzyloxy-4-oxobut-2-enoate (7)

A solution of 2-iodoxybenzoic acid (924 mg, 3.3 mmol) in DMSO
(3.3 mL) was added to the acohol 6 (490 mg, 2.2 mmol) and the
mixture was stirred for 2 h at r.t. The resulting suspension was di-
luted with Et,O (5 mL), applied on asilicagel column (ca. 500 mL)
and eluted with pentane—Et,O (70:30) to give 7.

Yield: 481 mg (99%); colorless crystals, mp 83 °C.
IR (film): 3072, 3034, 1713, 1694, 1627 cm 2.

IH NMR (CDCl): & = 3.7 (s, 3 H, OCHS,), 4.95 (s, 2 H, CH,Ph),
584 (s, 1 H, C=CH), 7.33-7.42 (m, 5 H, H,y), 10.50 (s, 1 H,
CHO).

MS (CI, CH,): m/z (%) = 221 (100) [M + H"].

Anal. Caled for C,H,0, (220.2): C, 65.45; H, 5.49. Found: C,
65.76; H, 5.46.

Preparation of 4-O-Benzyl Tetramates; General Procedures

Method A: Therespective amine (1.5 mmol) was added to amixture
of 7 (220 mg, 1.0 mmol) and molecular sieves (MS) 3A (ca. 1 g) in
THF (10 mL). After stirring for 24-40 h at r.t. the MS werefiltered
off and the filtrate was evaporated under reduced pressure to give
the corresponding imine in amost quantitative yield. This crude
product was sufficiently pure for the subsequent reduction with
NaBH,. To a solution of the iminein MeOH (20 mL), NaBH, (49
mg, 1.3 mmol) was added at r.t. Then the mixture was stirred for 24
hat 45 °C. After coolingtor.t., sat. ag NaHCO; (20 mL) was added
and the mixture was extracted with CH,Cl, (4 x 20 mL). The com-
bined organic layers were dried (MgSO,) and evaporated under re-
duced pressure. The residue was purified by flash chromatography.

Method B: As described above with the exception of refluxing the
crude reduction product in amixture of toluene (10 mL) and HOAc
(2 mL) for 1.5 h. After cooling tor.t., the solvents were evaporated
under reduced pressure and the residue was purified by flash chro-

matography.

4-Benzyloxy-1-methylpyrrol-2(5H)-one (10a)

Prepared according to Method A from 7 (110 mg, 0.5 mmol). How-
ever, instead of the free amine, methylamine hydrochloride (51 mg,
0.75 mmol) together with i-Pr,NEt (166 pL, 1.0 mmol) was em-
ployed. Purified by flash chromatography (EtOAc—CH,Cl,—MeOH,
80:16:4) to give 10a.

Yield: 85 mg (84%); colorless crystals; mp 85 °C.
IR (film): 3091, 3034, 1682, 1621, 1585 cm2.

IH NMR (CDCl,): § = 2.95(s, 3H, NCH,), 3.87 (s, 2H, CH,), 4.96
(s, 2 H, CH,Ph), 5.13 (s, 1 H, C=CH), 7.36-7.39 (M, 5 H, H,,o.,).

MS (CI, CH,): miz (%) = 204 (100) [M + H*].

Anal. Calcd for C;,H,3NO, (203.2): C, 70.92; H, 6.45; N, 6.89.
Found: C, 70.79; H, 6.49; N, 6.86.
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4-Benzyloxy-1-prop-2-ynylpyrrol-2(5H)-one (10b)

Prepared according to Method A from 7 (110 mg, 0.5 mmol) and
propargylamine (51 pL, 0.75 mmol). Purified by flash chromatog-
raphy (hexane—EtOAc, 40:60) to give 10b.

Yield: 55 mg (48%); colorless crystals; mp 58 °C.
IR (film): 3286, 3099, 3035, 2119, 1682, 1620, 1453 cm.

IHNMR (CDCl,): 8 = 2.24(t, 1H, J = 2.5 Hz, HC=C), 4.01 (s, 2 H,
CH,), 4.23 (d, 2 H, J = 2.5 Hz, CH,C=CH), 4.99 (s, 2 H, CH,Ph),
5.14 (s, 1 H, C=CH), 7.35-7.45 (M, 5 H, Hon)-

13C NMR (CDCly): &=30.88 (CH,C=CH), 49.90 (C-5), 72.25
(CH,C=CH), 73.20 (CH,Ph), 77.34 (CH,C=CH), 95.08 (C-3),
127.99, 128.79, 128.84, 134.56, (CgHy), 171.59 (C-2), 172.42 (C-4).

MS (CI, CH,): m/z (%) = 228 (100) [M + H*].

Andl. Calcd for CHNO, (227.3): C, 73.99; H, 5.77; N, 6.16.
Found: C, 73.71; H, 5.77; N, 6.14.

1-Benzyl-4-benzyloxypyrrol-2(5H)-one (10c)

Prepared according to Method A from 7 (44 mg, 0.2 mmol) and ben-
zylamine (33 pL, 0.3 mmol). Purified by flash chromatography
(hexane—EtOAcCc, 50:50) to give 10c.

Yield: 38 mg (73%); colorless crystals; mp 97 °C.
IR (film): 3031, 1666, 1623 cm™.

IH NMR (CDCl): 5 =3.78 (s, 2 H, CH,), 4.58 (s, 2 H, NCH,Ph),
4.95 (s, 2 H, OCH,Ph), 5.18 (s, 1 H, C=CH), 7.24-7.37 (m, 10 H,
Harom)'

13C NMR (CDCl,): §=4541 (NCH,Ph), 50.17 (C-5), 73.07
(OCH,Ph), 95.32 (C-3), 127.48, 127.94, 128.75, 134.70, 137.42
(C4Hs), 172.00 (C-2 and C-4).

MS (CI, CH,): mVz (%) = 280 (100) [M + H*].

Anal. Calcd for C;gH,/NO, (279.3): C, 77.40; H, 6.13; N, 5.01.
Found: C, 77.12; H, 6.11; N, 4.94.

(S)-4-Benzyloxy-1-(1-phenylethyl)pyrrol-2(5H)-one (10d)
Prepared according to Method B from 7 (220 mg, 1.0 mmol) and
(9-(9)-1-phenylethylamine (192 pL, 1.5 mmol). Purified by flash
chromatography (hexane-EtOAc, 80:20 + 3% Me,NEt) to give
10d.

Yield: 217 mg (74%); colorless crystals; mp 84 °C; [a] % — 40.3
(c1.17, CH,Cl,).

IR (film): 3061, 3032, 1678, 1626 cm ™.

IH NMR (CDCl): § = 1.57 (d, 3H, J = 7.3 Hz, CHCH,), 353 (d, 1
H, J=17.6 Hz, CH,), 3.83 (d, 1 H, J = 17.6 Hz, CH,), 4.93 (s, 2 H,
OCH,Ph), 5.15 (s, 1 H, C=CH), 559 (q, 1 H, J = 7.3 Hz, CHCHy),
7.24-7.40 (M, 10 H, Hyon).

13C NMR (CDCly): 3 = 17.51 (CHs), 46.59 (C-5) 48.14 (CHCHy),
73.11 (CH,Ph), 95.41 (C-3), 127.06-128.81, 134.78, 141.12 (2 x
CeHs), 171.68 (C-2), 172.15 (C-4).

MS (CI, CH,): m/z (%) = 294 (100) [M + H*].

Anal. Calcd for CioH;oNO, (293.4): C, 77.79; H, 6.53; N, 4.77.
Found: C, 77.69; H, 6.51; N, 4.75.

(RS)-Methyl 2-(4-Benzyloxypyrrol-2(5H)-on-1-yl)-3-methylbu-
tanoate (10e)

Prepared according to Method B from 7 (110 mg, 0.5 mmol). How-
ever, instead of the free amine, DL-valine methy| ester hydrochlo-
ride (126 mg, 0.75 mmol) together with i-Pr,NEt (166 pl, 1.0 mmol)
was employed. Purified by flash chromatography (hexane—EtOAc,
70:30 + 3% Me,NEt) to give 10e.

Yield: 96 mg (65%); colorless crystals, mp 75-78 °C.
IR (film): 3096, 1733, 1666, 1614 cm™.

IH NMR (CDCl,): 8 =0.92[d, 3H, J = 6.7 Hz, CH(CH,),], 0.98 [d,
3H,J=6.7Hz, CH(CH,),], 2.16 [m, 1 H, CH(CH.),], 3.71 (s, 3 H,
OCH,), 3.93(d, 1H, J= 17.2 Hz, NCH,), 4.29 (d, 1 H, J = 17.2 Hz,
NCH,), 4.60 (d, 1 H, J=9.6 Hz, CHCOOCH.), (4.98 (s, 2 H,
CH,Ph), 5.16 (s, 1 H, C=CH), 7.36-7.42 (M, 5 H, Haor).

MS (Cl, CH,): m/z (%) = 304 (100) [M + H*].

Anal. Caled for Cp;H,NO, (303.4): C, 67.31; H, 6.98; N, 4.62.
Found: C, 67.21; H, 6.87; N, 4.53.

4-Benzyloxy-1-tert-butylpyrrol-2(5H)-one (10f)

Prepared according to Method B from 7 (110 mg, 0.5 mmol) and
tert-butylamine (80 uL, 0.75 mmol). Purified by flash chromatogra-
phy (hexane-EtOAc, 70:30 + 3% Me,NEY) to give 10f.

Yield: 81 mg (66%); colorless crystals; mp 51 °C.
IR (film): 3033, 1677, 1633 cm™.

IH NMR (CDCly): § = 1.42 [s, 9 H, C(CH,)J], 3.92 (s, 2 H, CHy),
4.92 (s, 2 H, CH,Ph), 5.07 (s, 1 H, C=CH), 7.33-7.41 (m, 5 H,
Harom)'

MS (CI, CH,): m/z (%) = 246 (100) [M + H"].

Anal. Calcd for CisH;oNO, (245.3): C, 73.44; H, 7.81; N, 5.71.
Found: C, 73.20; H, 7.55; N, 5.59.

4-Benzyloxy-1-phenylpyrrol-2(5H)-one (10g)

Prepared according to Method B from 7 (110 mg, 0.5 mmol) and
aniline (68 pL, 0.75 mmol). HOAc (43 pL, 0.75 mmol) was added
to the aromatic amine. Purified by flash chromatography (hexane—
EtOAc, 80:20 + 3% Me,NEt) to give 10g.

Yield: 72 mg (69%); colorless crystals; mp 58 °C.
IR (film): 3109, 3063, 3033, 1676, 1629, 1600, 1503, 1451 cm™.

IHNMR (CDCly): 8 = 4.34(s, 2H, CH,), 5.05 (s, 2 H, CH,Ph), 5.27
(s, 1H, C=CH), 7.06-7.65 (m, 10 H, H,,,,,).

MS (CI, CH,): m/z (%) = 266 (100) [M + H].

Anal. Calcd for C;;H;sNO, (265.3): C, 76.96; H, 5.70; N, 5.28.
Found: C, 76.65; H, 5.66; N, 5.17.
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