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Abstract - Amidoslkylation of 1,3-dienes with glyoxylic acid-methyl
carbamate adduct afforded a-methoxycarbonylamino- y-alkenyl- y-
butyrolactones in 40-80% yield. The lactones were epoxidized to the
epoxy lactones or ozonized and resrranged to Y-ketopyrrolidine-2-
carboxylic acid derivatives.

In the course of our studies on the chemistry of glyoxylic acid-primary amide adducts and
their reactions with aromatics and olefinsZ we vers puzzled by the claine3+4 and our own
observationsd that the yields of the acid catalyzed Diels-Alder reactions of dienes with open
chain acylimines as dienophiles are rather low, We have now found that glyoxylic acid - methyl
carbamate ‘adduct® reacts with butsdiene in methylene chloride at room tempersture and {n the
presence of methanesulfonic acid sffording the neutral a -methoxycarbonylamino-Y-vinyl-Y-butyro
lactone (2) in 65-70% yleld and the pipecolic acid derivative, the N-methoxycarbonylaminobaik-
fan (3), in only 7-9% yield:
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This observation was found to be quite general: piperyleae, isoprene, 2,3-dimethyl-
butadiene, 2,4-hexadiene, 2,5~dimethyl-2,4~hexadiene, cyclopentadiene, 1,3-cyclohexadiene and
1,3-cyclooctudiene all were found to react with the adduct ] in the acid catalyzed reaction to
give lactones as the major reaction products (40-80%). The normal Diels-Alder pipecolic acid
derivatives were obtsined in less than 20X yield under the reaction conditions wmentioned. In

the case of 2,5-dimethyl-2,4-hexadiene and cyclopentadiens we observed only the formation of
the crystalline lactones & and 5:

/
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An X-ray crystal structure analysis showed lactone 4 to have the cis configuration aand in
the bicyclic lactone 5 the methoxycarbonylaaino group is in the exo position.

According to the lH MMR spectra the crude reaction products of all the monocyclic lactones
were msixtures of two isomers (cis-trans). The derivatives of butadiene (2) isoprene (6) and
2,3-dimethylbutadiene (7) were characterized as a mixture of two isomers which have not been

separated,

0 NHCO,Me NHCO,Me

6 7

All the lactones showed characteristic carbonyl abeorptions at 1770-1790 ca-l
(¥-butyrolactones) and 1720 ca~! (carbamate carbonyl) as well as NH absorptions st 3420 ca~l
and 1500 ca~l, In the 14 MMR spectra the lactones showed characteristic absorption for the
carbamate NH at & 5.20-5.70 (doublet) and the o-hydrogens at & 4,10-4.80. The y-hydrogens
appeared at & 4.30-5.20, which appear to be s good support for the reglospeci{ficity of the
reaction.

The intermediates in the formation of the Y-alkenyllactones are most probably the

oxazina-4-carboxylic acid derivative (e.g. 8) which rearranges to the lactone (2):

CO,H CO,H
+ J +
HNF H Z
S 0 NHCO,Me
MeO 0 MeO 0
| 0
] X 2

This suggestion is based on the obiervations made by Seelinger’ and R.R. Schaidt8 who have
i1solated alkenyloxazines in the reactions of N-hydroxymethylbenzamide with dienes. Esters of
oxazine-4-carboxylic acid are relatively stable? but to the best of our knowledge no free
oxazine-4-carboxylic acid of the type involved was reported. We are probably dealing with two
competing 4+2 cycloadditions.! The major product of the reactions are the lactones (e.g. 2)
which are formed by a Diels-Alder type reaction with an inverse electron demand. The
acyliainium intermediate (e.g 9) reacts as the electron poor diene vhile the diene (e.g.
butadiene) functions as a dienophile. The kinetically controlled oxazine derivative (e.g. 8)
then rearranges to the more stable lactone (e.g. 2).

Tne pipecolic acid derivutive (e.g. 3) which {s obtained by the normal cyclonddizlon3 of
the diene with the acyliainium i{ntermediate as a dienophile is the minor product in the
reactions discussed.

Epoxidation of six of the vinyl lactones with MCPBA in refluxing methylene chloride
afforded the corresponding epoxylactones in good yield. Epoxidation of cis lactone 4 afforded
two {someric epoxidee (10) which were separated by trituration and chromatography. The more
polar crystalline stereoisomer was shown by X-ray crystal structure analysis to have the
3RSR6S-3S5S6R configuration. Epoxidation of the exo-vinyllactone 5 afforded a major crystalline
epoxylactone which is according to an X-ray crystal structure analysis (p. Ei! {somer with the

spoxide and the lactone ringe cis to each other and with the carbamate group exo (11)
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Epoxidation of the vinyllactoue obtained from cyclohexadiene afforded a mixture of
epoxides the polar stereoisomers which separated ss a crystalline products (12) showed by X-ray
crystal structure analysis to have the trans configuration. The aponide and lactone rings are
trans to each other with the carbsmsate group exo to the bicyclic esix-five ring system.

o)
0
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0
0 ik 12

Ozonolysis of three of the slkenyl lactones 2, 4 and 13, 1o wethanol eolution, afforded
the hewiacetals 14. The hemiacetal were found to rearrange in refluxing msethanol and in the
presence of s weak base (Er3N) to the dihydroxypyrrolidine-2-carboxylic acid derivatives 15.
Acid catalyzed water elimination converted the &4,5-dihydroxypyrrolidines (15) to the
corresponding 4-ketopyrrolidine-2-carboxylic acid derivatives 16: The oversll convereion of the

alkenyllactones to the pyrrolidone derivatives can be carried out in a one pot reaction and in

65-75X yleld. " OH R
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] weon 0
NHCO,Me MeOH NHCO, Me
o 0
1

g.l-l'-l"-i"'-u

4, R=R' = R" = R"' = He
13, RaR" = H, R' = R"' = Me EtN MeOH
R R
0 . HO .
R R
"+
s
HO

N CO,Me N CO Mo

cozm cozm

'6 a, R= R'=H '5

b, R« R' = Me
c, R=H, R' = Mo

Io the case of the vinyllactone 2 starting from a mixture of two {somers sfforded a siogle
pyrrrolidone derivative l16a. One chiral center was lost iun the conversion of the lactone to the
pyrrolidone derivative. The methyl N-auethoxycarbonyl-4-pyrrolidone -2-carboxylate (16a) is a
known precureor of hydroxyproline. 9

The pyrrolidone derivative 16c has two chiral centers and was obtained as s aixture of two
isomers in sbout a 1:1 ratio, according to the nmr epectra.
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Experimental

General: M.P.'s are uncorrected. The I.R. spectra were recorded on a Perkin-Klmer 298
spectrophotometer; lg-rom spactra were obtained on Varian T-60 spectromater. Chemical ehifts
are reported in ppm downfield from THMS. 13¢ MR were recorded on a Bruker AN-400. Mass spectra
were obtained on a Varian MAT-71] spectromster.

Ohromatographic separations were carried out on Florisil 6$0-100 mash and silica gel 60
70-230 sash.

a-Methoxycarbonylamino~ y-vinyl- y-butyrolactones-Gensral Procedurs:

To a suspeasion of g-hydroxy-N-methoxycarbonylglycine 1, (0.0l mole) {n methylens
chloride, or a mixture of msethylene chloride:ether, was sdded sethanesulfonic acid (1.5 =l,
0.02 mole). The mixture was stirred and cooled to 0°C when the diene (0.01 wole) neat or as a
solution in methylene chloride (10 ml) was added. The reaction mixture was stirred at room
temperature for 72 hr sad thea poured over crushed ice and solid sodium bicarbonate (0.03
acle). The squeocus layer was extracted three times with methylene chloride dried over anhydrous
MgS0,, filtersd and evaporated.

a-Methoxycarbonylamino- Y-vinyl- Y-butyrolsctone (2).

A suspension of g-hydroxy-M-methoxycarbonylglycine 1 (22.353, 0.15 wmole) in methylene
chloride (150 3l) and methanesulfonic acid (22.5 al, 0.3 mole) was treated with & sclution of
butadiene {n methylene chloride (150 ml of a | molsr solution) ae described above. The crude
o1l was chromatographed over Florisil (60-100 mesh) and the product eluted with methylens
chloride to give 18.90g (68%) of product which is according to lH and 13C MMK a mixture of two
tsomers. IK(CHCly): 3400 (NH), 1785 (D lactone), 1725 (00 carbamate) and 1495 (M{). lH rem
(CDCLy) §: 6.33~5.66 (m, 2H, Qi=, NH); 5.63-4.2) (m, 4H, CHy=», O-CH-O=, N-Qi-D), 3.75 (s, 3H,
OHy); 3.20-1.76 (o, 2H, (M3). 13¢ n (COCL3): 175.25, 174.85, 156.84, 135.09, 134.70, 119.13,
117.34, 78.10, 77.45, 52.58, S1.68, 49.35, 36.00, 33.93., M.S.(HR) ®/z 185.0633 (#*), calcd for
CgHy N0, ®/z 185.0688 (M*), 141 (H*-00;), 126 (M*-QDjMe). The aquecus slkeline solution was
acidified and extracted to give 1.983 (7X) of the crude pipecolic acid derivative
3 (IR, WMR).

a-Methoxycarbonylamino~ y-(l-propeayl)butyrolactone

This compound was prepared from a-hydroxy-N-methoxycarbonylglycine 1 (7.5, 0.05 wole) in
methylene chloride ~ dry ether (100 ml 1:1), methsnesulfonic acid (7.5 wl, 0.1 wole) and
piperylene (5 ml, 0.05 mole) as described above by genersl procedure. The oily crude product
(8.7g) was chromatographed on a Florisil column and the product eluted with sethylene chloride
{1:1). The oily product (4.27g, 43%) is according to the g MR & sixture of one main compound
and a minor isomer. IR (QHClj3): 3440 (W), 1785 (@ lactone), 1730 (OO0 carbamate), 1505 (NM).
Iy R (DC13) & @ 6.20-5.50 (m, 3H, Ci=CH, NH), 5.23-4.15 (., 24, OCH-O=, N~-QH-O0), 3.72 (=,
M, QH3), 3.16-1.88 (m, 2H, Qiz), 1.80 (d, J=5, 3H, QGi3-0=). !3C M@ (DCl3) : 174.98,
156.97, 132.49, 130.16, 127.96, 78.62, 78.09, 73.31, 52.58, 51.81, 49.73, 36.65, 34.71,17.61.
M.S.(HR) B/z 155.0923 (M*-,), calcd for (M*~Q07)=155.0942, 140 (M*-(DyMe). (Pound: N, 6.70%;
CgH) 3N0, requires: 7.03X).

Tne aqueous solution was acidified and extracted to give a crude oil (0.79g, 8X) which wvas
the pipecolic acid derivative (IR, NMR).
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a~Methoxycarbonylsming~ y-methyl- y-vinyl- y-butyrolactons ().

A mixture of o-hydroxy-N-esthoxycarbonyglycioe 1 (11.23g, 0.075 mole)} in methylese
chloride~dry ether (100 ml 1:]), methapesulfonic acid (7.5 ml, 0.1 mole) wes treated with
isoprene {5 ml, 0.05 mole) as descridbed adbove in the ganaral procedure. The crude oily product
{7.68) was chromatographed over Florisil and the product eluted with msthylene chloride, The
pure product (4.9g, 49%) was a aixture of two {somers according to the MR spectra, IR(QiCl3):
3420 (NH), 1775 (@), 1725 (D) 1500 (NH). lH MR (DCLly) & : 6.34-5.70 (m, 2H, QH=C, WH);
5.60-5.20 (m, 2H, Giy=C); 4.84-4.30 (», 1H, H-QH-0), 3.7& (s, 3H, OMe); 3.40-1.95 (=, 2H,
~QH3-); 1.60 (s, 34, Qi3-O=). M.S. (HR) ®/z 199.0852 (CgH|3NO4 requires 199.0845).

Acidification of the aqueocus solution afforded the pipecolic acid derfvative (1.2g, 121}
(IR. NMR).

a-Methoxycarbonylemino- B-methyl- Y~{]-propenyl)- Y-butryrolsctons.

A mixture of O-hydroxy-N-sethoxycsrbonylglycine (1), (4.58. 0.03 mcle), methanesulfonic
acld (4.5 ml 0.06 mole) in methylens chloride-ethar (60 ml, 1:1) and t-t-2,4-hexadiene (3.45
nl, 0.03 mole) was treated as described abovae in the genersl procedurs. The crude oil obtained
(3.78, 58X) was purified on a Florisil column. The product (2.57g, 402) was eluted with
sathylene chloride. Triturstion of the oil wizh dry ether gave & crystalline product {m.p.
82-86°C) which is a major {somer contaminated with s minor isomer. IR(QHCly) : 3440 (NH), 1785
{00 lactone), 1730 (00 carbamate), 1500 (MH). lH Nk (CDCl3) 6: 6.28~5.40 (m, 3H, GH=CH, NH);
4.68-4.03 (m, 2H, =C~-Qi-0, NH-QH-); 3.78 (e, 34, OMe); 2.73-2.03 (m, IH, CH); 1.85 (4, J=5,
I, =C-CH3); 1.33 (d, Jw6, 3H, GH3). 13C MR (CDCl3) & : 133.44, 130.28, 127.06, 126.49,
126.21, B4.46, 57.70, 53.27, 52.66, 44,25, 40.61, 38.78, 17.81, 13.60, 13.04, 12.96. M.S. {H.R)
m/2 213.1037 (M%) (CygH;sNO4 requires 213.1001). The aqueous solution afforded on acidification
the pipecolic scid derivative (0.23g, 4X) (I.R., NMR}.

g-Methoxycarbonylamino- y-methyl- y-(2-propenyl)~ y-butyrelactone (7).

A mixture of the g-hydroxy-N-wethoxycarbooylglycine 1 (14.9g, 0.1 mole) mathansulfonic
acid (15 wl, 0.2 mole) snd 2,3-dimethyl-],3-butadiene (11.2 ml, 0.1 mole) was treated as
described above in the genersl procedure. The crude product {19.73) wes chromatographed over
Florisil and eluted with methylens chloride-hexaane. The oily product (10.65g, S0%) was a
mixture of two isomers. Trituretion with hexane afforded a solid, m.p. 83-86°C which was stil}
a aixture of about 2:1 of the two tsomers. IR (CHClj): 3420 (M), 1770 (@ lactone), 1720 {(@®
carbamate) and 1500 ca~! (:). in Wk (CCly) & & 5.76~5.30 (m, IH, NH); 5.30-4.90 (m, 2H,
QiyeCy; 4,90-4.22 (a, lH, N-CH-00); 3.8C (s, 3H, OMe); 3.38-2.18 (=, 2ZH, -CHy-}; 1.92 (s, 3H,
H3-C=); 1.70 (s, 3H, Qi3). 13C NMR (DCly) & : 156,72, 144.67, 111.51, 110.74, BS5.61, 85.36,
52.58, 51.29, 40.41, 39.50, 26.68, 25.13, 19.04, 18.26. MS (HR) ®/z 213.1003. (CjgH;sN0,
requires 213.1001).

The aqueous solution afforded on acidification the pipecolic acid des. {1.5%, 7%} {IR,
NMR) .

a~Methoxycarbouylamino- g g-dimethyl- Y -tsobutenyl- y-butyrolactons (&).

A aixture of G-hydroxy-N-methoxycarbonylglycine 1 {(7.5g, 0.05 wole), methanesulfonic acid
(7.5 ml, 0.1 mole) and 2,5-dimethyl-2,4-hexadiene (7.5 al 0.05 mole) {n methylans
chioride~ether (100 ml, [:1) vas trested according to gensral procedure described above. The
crude product (9.18) was triturated with hexane to give a crystalline coapound (4.78g, 40%),
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m.p. 106-108°C after crystall{zation from methylene chloride-gther. The hexane solution was
evaporated to give 2.058 of a mixture of two {somers. The crystalline product is according to
an X-ray crystal structure analysis the g, y cis isomer. IR(CHCl3): 3410 (NH), 1770 (®©
lactone), 1720 (0 carbamate) and 1500 ca~}! (NH). !H Wik (CdCl3) 8: 5.25-5.04 (a, 2H, Qi=C,
NH); 4.88 (d, J=9, 1H, 0-QH-O=), 4.50 (d, J=9, IH, N-GH-D); 3.76 (s, 3H, OMe); 1.96 (s, 3H,
Qi3~C=); 1.92 (s, 3H, Qi3-C=); 1.22 (s, 3H, CH3); 0.92 (s, 3H, QH3). 13¢ (oasj) §:
174.72, 157.36, 141.95, 117.21, 82.50, 61.39, 52.58, 45.72, 26.16, 22.54, 18.52, 15.15. M.S.
(H.R.) m/z 197.1620 (M*-0D7). (Pound: C, 59.56%; H, 7.93%; N, S5.74X. CyoHygNO, requires: C,
59.732; H, 7.94%; N, 5.81%.

N-Methoxycarbonyl «(2-hydroxy-3-cyclopentenyl) glycinelactone (5).

To a cooled aixture (09-5°C) of a-hydroxy N-methoxycarbonylglycine 1 (14.98, 0.1 mole)
and methanesulfonic acid (15 ml, 0.2 mole) in THF (100 ml) was added a solution of
cyclopentadiene (8.3g, O.1 wole) in THF (100 al). The mixture wss stirred at room temp. for 24
hr and neutralized with NaHQDj. The THF was evaporated and the residue was treated with crushed
ice and hydrochloric acid and extracted with methylene chloride (3 x 100 al). The methylene
chloride solution was dried over MgSO,, filtered and evaporsted. The oily residue (13.0g) was
tricturated with dry ether to give a solid material (7.86g, 41%), m.p. 79-82°C after
crystallization ( Qi;Cly-ether). Tnis product ie the pure ex0 {somer according to an X-ray
crystal structure analysis. The ether solution after eveporstion gave a aixture of two isopers
(2.76g, 14%). IR(QHCl3): 3420 (NH), 1770 (O lactone), 1720 (0 carbamate) and 1500 ca~l (NH).
lg MR (@DC3) 6: 6.22-5.33 (m, 4H, Qi=Qi, NH, =C-Gi-0-); 4.02 (t, J=7, IH, HC-QH-NH); 3.70
(s, 3H, OMe); 3.36-2.92 (m, 1H, QH); 2.90-2.60 (m, 2H, Hy). 13¢ nn (pC13) 6: 175.24, 156.97,
140.78, 136.51, 129.26, 127.96, 87.55, 87.03, 57.38, 53.75, 52.58, 43.52, 52.58, 43.52, 40.54,
37.17, 31.99. M.S.(H.R.) a/z 153.0776 (M*-(0;). (Pound: C, 54.57; H, 5.56; N, 7.02; CgH]NO,
requires: C, 54.82; H, 5.62; N, 7.10%).

N-tlethoxycarbonyl- (2-hydroxy-3~cyclohexenyl )~glycine lactone.

This compound was prepared from a-hydroxy-N-aethoxycarbonylglycine | (7.45g, 0.05 amole),
1,3-cyclohexadiene (5.0 ml, 0.05) mole and sethanesulfonic acid (7.5 al, 0.1 mole) in methylene
chloride - dry ether (100 ml, 1:1) according to the general procedure deecrided above. The
crude product (4.57g) was chroaatographed over Florisil and eluted with methylene
chloride-hexane (1:1). The product (3.28g, 36X) is a mixture of two fsomers (NMR). IR(QHQly):
3420 (NM), 1775 (@ lactoune), 1720 (D carbazate), 1500 ca~l (NH). !H MMR {CDC13) &: 6.38-5.60
(@, 3H, Qi=(4, NH); 5.26-4.88 (=, 1H, N-Qi-C0), 3.80 (s, 3H, OMe), 3.13-2.58 (=, 2H, -CHy-O=),
2.58-1.77 (m, 3H, -Qiz-Qi-). M.$ (H.R.) B/z 166.0863 (M*-007). (Found: C, 56.66; H, 6.25; N,
6.56. CjgH]3NO4 requires: C, 56.86; H, 6.20; N, 6.63%). Acidification of the aqueous solution
afforded the pipecolic acid derivative (IR, NMR) as an oil which was purified on a silica gel
column (1.36g, 132).

Epoxidation of the vinyllactones - General Procedure: A mixture of the lactone (0.0l wmole),

p-chloroperdenzoic acid (PCPBA) (1.2 moles) in methylene chloride (40 ml) wae refluxed
overnight. The solution was washed with aqueous bicarbonste (10X, 3 x 20 ml), dried and

evaporated.
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S-6—-Epoxy-4-hydroxy-3,3,6~trimethyl-2-wethoxycarbonylamtnoheptanoic acid lactone (10). The
lactone 4 (0.78g, 0.003 wole) im methylene chloride (135 ml) was epoxidized as described adbove.
The solid product (0.65g, 79%) was triturated with ether to give & solid (0.23g) which was

crystallized from ether (m.p. 165-167°C) to give one isomer which is according to an X-ray
crystal structure anslysis IRS5R65-35586R. The ether solution was evaporated and the mixture
separated on a Florisil column with methylene chloride as eluent. The second less polar isomer
was eluted firet (0.21g, 25%)) followed by an additional fraction of the more polar {isomer
(0.11g). The total yield of the polar feomer was 41X. IR(QHCl3): 3420 (NH), 1795 (0 lactone)
1735 (@ carbamate), 1515 ca”} (MH). 1H NR (polar tsomer) 6 : $.33 (d, J=8, I1H, NH), 4.40 (d,
J=8, lH, -Qi-)-®), 3.93 (d, J=8, 1H, (N-QH-), 3.68 (s, 3H, MeO), 2.80 (d, J=8, IH), 1.40 (s,
6M, A( ), 1.26 (s, 3H, Me), 1.02 (s, 3H, Me). M.S(H.R) ®/z 257.1310 (Cj2H|gNOs requires:
®/z 257.1263).

The less polat fsomer showed a similar I.R. and NMR spectra.

N-Methoxycarbooyl-(3,4-epoxy-2-hydroxycyclopentyl)glycine lactone (11). Thie epoxylactone was

prepared from the lactone 5 (1.5, 0.008 mole) according to the general procedure described
above. The olly product wes triturated with ether to give a solid (0.88g, 542) which was
crystallized froe ether (m.p. 119-121°C). The product is one isomer accordiog to 13¢c MR and an
X-ray crystsl structure analysis. The ether solution was evaporated to give a mixture of two
isomers (0.3g, 19%). IR(QHCly): 3420 (M), 1790 (Q0 lactone), 1730 (O cardamate), 1510 ca-!
(). lnom (Cl3) 6§t 5.80-5.38 (m, 1H, WH), 5.04 (d, J=8, lH, -QN0), 4.22 (d, J=8, IH,
N-CH-O0), 4.10 (d, J=8, N-QH-0D), 3.70 (s, 4H, OMe, -Ci-), 3.30-1.90 (m, 4H, —_ O — 7).
13¢ (CDCly) §: 175.63, 159.98, 81.86, 59.45, 57.25, 52.28, 41.57, 30.95. M.S.(H.R) ®/z
213.0638 (CgH) N0 requires 213.0633). (See X-ray crystal structure).

N-Methoxycarbonyl-(3,4-epoxy-2-hydroxycyclohexyl)glycine lactone (12). Epoxidation of lactone

(cyclohexyl) (1.88g, 0.009 mole) was accomplished according to the general procedure described
above. Tne oily product which was chromatographed over Florisil (0.97g, 48%) was triturated
with ether-hexane and cryetallized from ether to give a pure isomer (m.p. 112-114°C) according
to an X-ray crystal structure analysis. The ether solution was a mixture of isomers. [R(QiClqy):
3420 (NH), 1790 (00), 1725 ((0) and 1505 ca~l (Nd). !H X (CDCl3) : 5.33-4.98 (w, 1H, NH),
4.76-4.13 (=, 24, ~CH-0, N-QH-C0), 3.63 (s, 3H, OMe), (-0(—0—\(}l — ), 2.80-1.43 (m, 5N,
(Qiz)3-H). M.S. (H.R) B/z 227.0787 (CjgH|3NOg requires: o/z 227.0789).

Epoxidation of lactooe 2, I-lctone 6 and lactone 7 afforded oily mixturss of
igomers which did not eeparate on Floris{l columns.

Ozonolysis of the vinyllactones - General Procedure. A mixture of the lactone (0.0l mole) in

dry methanol (30ml) was placed in a three necked flask equipped with a thermometer, ao inlet
tube and an outlet tube. The flask was cooled to -70°C and reaction aixture was magnetically
stirred while ozone was bubbled through the solution until a blue-violet colour appeared. The
ozone was formed at 95V and a pressure of 3.5 psi. The excess ozone was removed by the bubbling
of oxygen (disappearsance of the blue colour). The ozonide solution was decomposed with
dimethylsulfide (1.4 eq) and stirred for an addftional 3 hr at room temp. The methaool -was then
evaporated and the product treated as described bdbelow.

Methyl N-eethoxycarboayl-4~pyrrolidone-2-carboxylate (16a). The crude heaiacetal ls4a, (3.47g,

93%), obtained by the ozonolysis of the vinyllactone 2 (3.158, 0.017 aole) {n dry methanol
according to the general procedure, was rediseolved in dry methanol (30 m=l), triethylamine (1
al) was added and the solution was refluxed overnight. The oily product (15a) obtained after
the removal of the methanol (2.06g, 891) was dissolved in methylene chloride (150 ml)
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methanesulfonic (1.5 ml, 0.018 mole) was added and the solution wes refluxed for 48hr. The .
organic lsyer was weshed with water (3 x 50 ml), sepsrated and dried. The crude product (l.46g,
90X) was chromatographed over Florisil and eluted with methyleoe chloride to give the
pyrrolidove derivacive (1.3g, 80%). IR(CHCl3): 1765 (0 pyrrolidons), 1745 (0 ester), 1710
ca”l (0 carbamate). !H NMR((DC13)&: 5.00-4.66 (m, 14, W-GH-0D), 3.93 (s, 2H, N-QH3-), 3.78
(s, 34, Me), 3.00-2.64 (m, 2H, QHy(D). M.S(HR) ®/z 201,0642 (CgHiNOs requires 201.0633).

Methyl N-methoxycarbouyl-3, 3-dimethyl-4-pyrrolidone 2-carboxylate (16b). This compound was
prepared froa the lactone 11 by ozomolysis, resrrangement of the hemiacetal and water

elimination us described above. The product which was obdtained in 73X yleld (from the
heaiacetsl) was purified on a Florisil column and eluted with methyleme chloride (m.p.
46-47°C). IR(QHCly): 1760 (@), 1740 (OO ester), 1710 (OO carbamate). Iy am (DC13)46:4.38 (s,
14, N-QHQD), 3.93 (s, 2H, N-Gip-Q), 3.66 (s, 3H, OMe), 3.63 (e, 34, OMe), 1.26 (s, 34, O1y),
1.08 (s, 3H, Qi3). M.S.(HR) ®/z 229.0962 (CjgH]|sNDs requires ®/z 229.0950).

Methyl N-methoxycarbonyl-3,4-pyrrolidone 2-carboxylate (16c). The crude heaiacetal (14b) was
obtained by the ozonolysis of the lactone 4 (1.88g), as described above, and was treated with
triethylaaine (1 ®l) in refluxing methanol (24 hr). The resrranged product was according to the

nar, & aixture of isomers. It was dissolved in methylene chloride (30 ml), methanssulfonic acid
(1.3 ml) vas sdded and the sixture was refluxed (48 hr) to give the pyrrolidone derfvative
(1.02g). The oily product was purified on a Florieil coluan and eluted with methylene chloride.
It is according to the nmr a mixture of two fsomers (cis-trans, 1:1) L[.R.(QiCl3): 1760 (C0),
1745 (), 1705 ca~! (00 carbanate). !H NR (DCly) : 4.80 (d, J=8, IH, N~GH-00); 4.25 (d,
J=4, 1H, N-Qi-00), 3.76 (s, 24, N-Qi20), 3.66 (s, 3H, OMe), 3.63 (s, 3H, OMe), 3.30-2.30 (=,
1H, Qi) 1.30 (d, J=6, 34, QHjy), 1.10 (d, Je6, 3H, (H3). M.S. (H.R.) ®/z 215.0787; (CqH;3NOg
requires 215.0793).

X-ray crystal structures
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