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A New Lactam Protecting Group
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N-Alkenyl and N-alkoxymethyl lactams are impervious to many reagents and are useful pro-
tecting groups for lactams. Conversion to the corresponding 2-ethoxy iminium salt and hydrolysis
in neutral water removes the protecting group. Mild basification regenerates the lactam.

Lactams are an important structural component of many naturally occurring compounds and are useful
intermediates in synthesis. Synthesis involving lactams usually requires protection of the N-H moiety. Greene describes
amides as protecting groups for other functionality but does not discuss a single method for protection of lactams or
amides.)
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The literature contains several methods, however, and conversion to -BOC2) or Cbz3) derivatives are common.
N-Sulfonyl lactams are also known but are prepared indirectly by sulfonation of an w-amino acid or ester followed by
cyclization to the sulfonyl lactam,4 Jor via Beckmann rearrangement of O-sulfonyl hydroxylamines.5) We developed a
method which allows more direct sulfonation of lactams via initial conversion to the O-methyl lactim followed by reaction
with the appropriate sulfonyl halide in dichloromethane.6) Other protecting groups have included N-benzyl,23.7)
acetate,8 Mtrifluoroacetate,®) trimethylsilyl10) and t-butyldimethylsilyl.11) Much of our recent work has focused on the
use of N-alkenyl and N-alkoxymethyl lactams as pro-GABA derivatives12) and in Diels-Alder reactions.13 :14) In this
work, alkenyl or alkoxymethyl moieties protected the lactam from a variety of reaction conditions. N-Vinyl was reported to
be a lactam protecting group by Brandange and Lindblom, who converted N-vinyl-2-pyrrolidinone to 2-alkyl
pyrrolines153) and also used it in condensation reactions with ethyl nicotinate.150) Spitzner used N-vinyl-2-pyrrolidi-
none in a synthesis of myosmine.16) We expanded this idea and made it applicable to a wide range of lactams, based on
our previous report that N-vinyl-2 -pyrrolidinone reacted with triethyloxonium tetrafluoborate to produce 2-ethoxy-N~

aminobutanoate 2 and acetaldehyde. Adjusting the pH of the solution to 8-9 (or often to neutrality) led to ring closure
and isolation of 2-pyrrolidi-none. N-Alkenyl-2-pyrrolidinones were known prior to our work17) and heating with 6N
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HCI or concentrated sulfuric acid led to ring opening and formation of the amino acid (GABA).18) We prepared alkenyl
lactams by reacting an aldehyde and a lactam with p-toluenesulfonic acid in refluxing toluene or benzene.13b) Treatment
with Meerwein's salt and dissolution in water liberated the aldehyde under mild and neutral conditions. Our mild
procedure generates amino ester intermediates, allowing basification and facile ring closure to the lactam.
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In a variety of synthetic applications we found that alkenyl lactams are stable to oxidation (Moffatt, Swern, Jones',
PDC and PCC), reduction (NaBH4, LiBH4, LiAIH4/SiO2)19), Wittig olefination (alkyl and allylic triphenylphosphonium
yligjs), halogenation (PPhg3 with bromine, CBr4 and hexachloroacetone; thionyl chloride), SN2 substitution (iodide, azide,
cyanide), reactions with organometallics (Gilman and Lipshutz organocuprates, Grignards and orgaholithium reagentsif a
more highly reactive group such as aldehyde or ester is present), bases (NaH, anhydrous NaOH or KOH under phase
transfer methods, lithium diisopropylamide and lithium hexamethyldisilazide) and thermolysis up to about 200 °C. Acid
and base hydrolysis was very slow at pH = 4-10. The alkenyl lactam decomposed with strong Lewis acids such as AICI3,
but did not decompose with milder Lewis acids such as zinc chloride. Treatment with lithium aluminum hydrides reduces
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the alkenyl lactam initially to an enamine, which is not isolated but is reduced further to an alkyl amine. Virtually any alde-
hyde can be used to protect the lactam, if it contains an enolizable hydrogen.13b) We preferentially use butanal (to give
- the N-(1-butenyl) derivative), and phenylacetaldehyde (to give the N-2-phenyl-1-ethenyl derivative). These groups
provide suitable protection, relatively clean NMR signals and aldehyde by-products which are conveniently removed. We
therefore recommend butenyl and styryl as the protecting groups of choice. The generalized protection/deprotection
sequence is illustrated for interconversion of 3 and 4 (R = Et, Ph).

A sequence that uses this protecting group is the conversion of ethyl pyroglutamate (5) to the N-butenyl
derivative in 82% via reaction with butanal (vide infra). The carboethoxy group was reduced (NaBHg, diglyme) to give the
hydroxy-methyl derivative, 6 (80%). This was oxidized under Moffatt conditions (DCC, DMSO, heat) and the resulting
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aldehyde was subjected to Wittig olefination conditions to give 7in 59% overall yield. The butenyl protecting group was

aqueous sodium carbonate removed the butenyl group to give an amino ester, which cyclized to 8 under the reaction

conditions.
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A mixture of 100.6 mmol (8.563 g) of 2-pyrrolidinone and about 50 mg of p-toluenesulfonic acid were dissolved in
0.15 L of dry toluene, fitted with a Dean-Stark trap and reflux condenser and brought to vigorous refiux. A solution of
102.0 mmol (7.564 g) of butanal in toluene was injected into the refluxing solution and heated until the maximum amount
of water was collected in the trap (about three hours). The solution was cooled to room temperature and washed once
with 0.1 L of saturated sodium bicarbonate, followed by 0.1 L of water. The combined aqueous layers were extracted
with 0.1 L of ether and the organic phases were dried (MgSO4). The solution was filtered and concentrated in vacuo
allowing isolation of N-(1-butenyl)-2-pyrrolidinone, 1013¢) by distillation (9.802 g, 70%). Reaction of 1.85 g (9.74 mmol)
of triethyloxonium tetrafluoborate with 1.35 g (9.74 mmol) of 70 gave an oil containing 2.09 g (8.55 mmol, 88%) of 2-
ethoxy-N-( E-1-butenyl)-pyrrolidiniminium tetrafluoroborate:13P) Dissolution of 0.50 g (1.96 mmol) of 2-ethoxy-N-(E-1-

evaporation of the water, in vacuo, to give 0.38 g (1.74 mmol, 89%) of ethyl 4-amino-butanoateeHBF4:20) 1H NMR
(D20): 8 1.25 (3H, t, J = 6.0 Hz), 1.80-2.10 (2H, bd 1), 2.25-2.55 (2H, bd 1), 2.80-3.15 (2H, bd t) and 4.05 ppm (2H, q, J =
6.0 Hz). Addition of this product to 250 mL of saturated aqueous sodium carbonate and heating to reflux for 14 hours
resulted in isolation of 0.143 g (1.68 mmol, 86%) of 2-pyrrolidinone.
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