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improved yields of cycloaddition are obtained for N-2,4,6-triisopropylbenzenesuifonyl

Department of Chemistry, King’s College London, Strand, London

ovemoer

T

—~

r 1997; revised 6

Kamyar Afarinkia* and Farzana Mahmood

ridones With Bulky N-Sulfonyl Substituent

congestion on either the pyridone ring or the sulfonyl group. Hence, significantly
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Changes in the electronic nature of various substituents does not
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pyridinols during cycloaddition can be greally retarded by introduction of steric
2-pyridones.
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significantly alter the rate of migration.
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@ibitqm of sialidase in recent years.!.2 (ﬁl{lcvz‘avagc of NANA t?y sialidase is' believed to be a key step in the' v_iral
obujlined from the cyclojadditio.n of N-substituted 2—pyridpnes. It is known .that cycloadditions of 1Y—alkyl 2-
substituent. can be removed from the cycloadd.ucts under mild, n(:u.tral'C().ndilions.8 It has been argued that an
2—pyridoncjs has been reported to date. This is because cycloaddition to afford (3) i§ invariably accompanied ‘by
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-aryisuifonyloxypyridine
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erefore, cycloadditions o
stereoselectivity, are not necessarily more efficient than those of N-alkyl 2-pyridones. Furthermore, to date
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prepared. To achieve a more efficient cycloadditions of N-sulfonyl pyridones and also in order to diversify the
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the corresponding 2-sulfonyloxypyridine in temperature range similar to that used in cycloadditions. The

NMR. The rates of migration and half-lives were determined from a graph of concentration of N-sulfonyl

3-methoxy-2-pyridone (3, Rl = OMe, R2 = H) in different solvents were determined from a plot of rate

performed side by side in sealed tubes at 90°C. The rate of migration, as demonstrated by t, (g, (time required

Iy

were minimal as expected (data not shown).? Although this data

7

nsiderably decreases as polarity of the solvent decreases. The
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this solvent. Toluene, on the other hand is a better solvent for pyridones although still quite non-polar and was

therefore the solvent of choice in further experiments.

rhaps the best medium, most pyridones were found to be insoluble in
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For instance, the half lives for migration of N-tosyl pyridones with hydrogen substituent, a methoxy

It should be noted that the rate of N — O migration in 2-pyridone of other stronger electron withdrawing
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ic influence of the substituenis appear to play a very important role in siowing

A el el FTLSL caoolo SO0 e oo il
UOWII UIC migrauon

ﬁC e lﬁbl can DC UD.SCI'VE)U WlLﬂ substituents both at the mlrogen anu at me .5-
position of the pyndonc, ring. For example, N-methanesulfonyl pyridones undergo faster migration than the N-
+ =

e \Tonn 12 Mh. Al

arylsulfonyl pyridones. On the other hand, N osyl 3-("butyldimethylsilyloxy)-2-pyridone und erg""s a much
slower migration than the N-tosyl 3-methoxy-2-pyridone {entries 4 and 5)
R' R!
oA 110°C ArS020 N
1 ) - |
ArSQOaN, /l 5 N /l
SRS ‘Rz x‘w‘Rz
1 9 half life 1 5 | half lifc
Ar R R (h.fS.) Ar R R (hrs.)
11 Me OMe H 24 9 4-(MeQ)-CgHy H H 98
21 Me OSiMe,-t-Bul H 60 101 4-(MeQ)-CeHy NO, H 120
31 4-(Me)-CgHyq) H H 105 11| 4-(MeQ)-CgHy OMe H 76
4| 4-(Me)-CgHy| NO; H 100 1 12| 4-(NOy)-CeHy OMe| H | 125
5| 4-(Me)-CgHy| OSiMey-t-Bu|l H >360 | 13] 2.4.6-(Me)3-CsHy | OMe| H | 140
6| 4-(Me)-CgHy§ OMe H 75 14| 2,4,6-(Me);-C¢Hy | H H 155
71 4-(Me)-CsHal H OCH;Ph | 95 151 2,4,6-(G-Pr)3-CgH; | OMe H 200
8| 4-(Me)-CsHy| H NO, 100 16 | 2,4,6-(i-Pr)2-C¢Hy | H H| 255
Table 2

Indeed, we also found that the migration of N-arylsulfonyl 2-pyridones where the aryl group contains
bulky ortho substituents to sulfonyl, are much slowed down. For example, the rearrangement of N-2,4,6-
trimethylbenzenesulfonyl 2-pyridones is much slower than that of corresponding N-tosyl 2-pyridones,
whatever the electronic nature of substituent at the 3-position. The rearrangement of N-2.,4,6-
triisopropylbenzenesulfonyl (N-2,4,6-TiPBS) 2-pyridones is even slower, the rate being less than half of that
of the corresponding toluenesulfonyl pyridones. This slowing down means that on the time scale of
cycloaddition (typically 96-120 hours), migration becomes relatively insignificant.

R! Sealed tubc r!
oA Toluene. O 7
ﬁ' \1 90-10U0 C 71 Y”‘
ArSON ~# Di(,nophil(. AtSON™ W
upto 4 weeks 5-Endo
ol ienanhile Yield (5-endo unless stated) Yield (5-endo unless stated)
R Dienophiie Ar = 2,4,6-(i-Pr)3-CeHp Ar = 4-(Me)-CgHy
OMe Methyl acrylate 92% (66% at reflux) 55%
OMe Acrylonitrile 50% 35%
OMe Maleic anhydride | 78% 40%
OMe N-Me maleimide 95% 59%
H N-Me maleimide 83% 61%
H Methyl acrylate 24% (5-endo : 6-endo = 0.6) 10% (5-endo : 6-endo = 0.6)
Me N-Me maleimide 80% 71%
Me Methyl acrylate 81% (5-endo : 6-endo = 4.0) 51% (5-endo : 6-endo = 4.0)
Br Methyl acrylate 44% (5-endo : 6-endo = 2.8) trace
Table 3
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Wanna o romhinatinn of lance_mnlar maadinm and hillbiae nitrngen cithetitinente je avnerted fo olow ecarm
nence, a Comviination 01 1C88-po meaium ana puikicr nitrogen suostituents iS expecied 1o s10w aown
tha mioratinn of enlfanyl oranm and imnrave the vielde of cvelaaddition nimhar af camnarative reantiane
IV IM1IKIdtiVil Ul DUliULLYl A 1 \,ybxuau VUL lp WYL 1CAL WU

imn 1alde nf rurlnaddition ur v trans amannte anf ronrranoad nuridinal ahoarvahla in
improveas yil:Gs O CyC:0aa gl amoiunis Of réairangea pyriGins: 6088rvaciC i
ermde reaction mivinree of nuridanac with hulkv Nocuhetimente midanece with na or only weal-ly activating
WEUUL TWAWLELIEL IIIIALUIWD VL HJ“UUII\/\, LARSDY Y Uum] AN JUUOULUVIIWD. & Jl‘uull\/o YV AILIL 1EWJ UL VllL yvuani u\.«uvuullé
aenheatitnente (o0 o Re and Me) alen nnderon curlaadditione nmnder theece randitinne alheit with lanaer reartinn
DOULUORALALLLY \M.s- AL QAL L'lv} “Wiov ulluvlé\) W VP WAVGMUWALIUILIO VIV UIVOU VUVRIUAWIUVILO AALUvdL YV lullb\ll ITwvasv LIV
times (2-4 weeks) and no regioselectivity. It is significant that 3-bromo N-2,4,6-TiPBS-2-pyridone affords a
hetter resinisomeric ratin in cvcloaddition to methvl acrvlate than does N-2 4 A-TiPRS-2-nvridone. Thig
OCULT reglosomeric ratio 1n ¢yCr0acailion 10 methy: acry:ale tnan €oes N-£,4,0- 115 55-2-pynaoene. 141s
demonstrates a slicsht but ohservable steric and electronic influnence of the R-hromo substituent which ig
gemonsirates a signt pul 008SCrvadig SICric and Ciecironic mmiuence o i 3-Dromo subsinuent winich 1s
naralleled in cvcloaddition chemistrv of 2-nvrones and their bromo derivatives.12 Interestinelv. 3. 5-dibromo
paralieled 1 cycloadaition chémisiry of L-pyrones and their bromo dervatives, .Laawlvuldlxbaj » 3,2-410romo
N-2,4,6-TiPBS-

acrylate under these condluons

Perhaps the most striking observation is that N-2,4,6-TiPBS-2-pyridone undergoes a faster reaction and
affords a better yield of cycloaddition to methyl acrylate than N-benzyl pyridone does. In a competition
reaction, N-2,4,6-TiPBS-2-pyridone reacted at least five times faster than N-benzyl-2-pyridone towards methyl
acrylate. Indeed, under similar reaction conditions the reaction of N-2,4,6-TiPBS-2-pyridone and methyl
acrylate affords 24% yield of cycloadduct whereas only trace amounts of cy(.:loadduct is observed with N-
benzyl-2-pyridone. Thus we can finally prove for the first time that a pyridone with an electron withdrawing

sulfonyl substituent reacts faster with a dienophile than does a pyridone with an alkyl substituent.

In summary, this investigation has shown that the yield of cycloadditions of 2-pyridones can be improved
by placing bulky arylsulfonyl substituents at nitrogen and using less-polar media. In addition, we have also
extended the range of N-sulfonyl pyridones which undergo cycloadditions to those with electronically weak or
even no substituents on the ring. The chemical manipulation of these bicyclic lactams as previously shown,?
allows the development of efficient methodologies for the total synthesis of natural products or biologically
interesting molecules such as N-acetyl neuraminic acid.
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