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Abatrsci-Upon ben?cne+ensitized inadration X.Sdiberuyl a.fl-unsaruralcd amides ltlc cyclizcd to the 
corresponding ?-axtidlnones t-2c in good )iclds via mtramolccular hydrogen abstraction by rhc 6-C atom. Under 

the same condltions S.h’diisopropyl am&s lc and If ucrc found IO &ergo a novel pbo~oreac~ion to gwe 

N.IwD~o~\-~ satura~cd am&s via ~hc abstractron. lrradration of K.SdKthyl and dimethyl amides ga\c neither . , 
!.azciidinones I)or h’-monosuhs~~~u~ed am&s. 

The similarity of photoinduccd intramolecular hydrogen 

abstraction by a double bond of an olchn to that bv a CO 
group has been pointed out. and the similarity is attiihutcd 

to the resemblance between the electronic configuration 

in the carbonyl n.z* state and that in the olefin z.:* 
state.’ Recently the first example of hydrocarbon analog 
to the Type 11 elimination was rep0rtcd.’ Although 

photocyclization vra intramolecular hydrogen abstraction 
by the 8-C atom in cyclopcntcnoncs” and I-acyl- 

cyclopentenec’ . has been reported. much less is known 

about the cycliralion in acyclic n.b-unsaturated carbonyl 
compounds.” WC wish IO report here photocyclization of 

N,Ndialkyl a&unsaturated amides to 2-azettdinoncs~ 

via unprccedentcd intramolecular hydrogen abstraction 

by the 0-C atom in the simple a,/3unsaturatcd carbonyl 
system. and novel photodcalkylation of the amides 

accompamcd with reduction of a double bond. 
Benzene-sensitized irradiation of K;.Ndibenzylacry- 

lamide (la) with a low-pressure mercury lamp under 
nitrogen gave fran.r - I - bcnzyl - 3 - methyl - 4 phcnyl - ! 
- azetidinone (tt in a 70% yield. The structure of 2a was 
determined by the direct comparison with an authentic 

sample.:’ ” A trace of cis isomer was also dctccted. 
Benzenc-scnsitizcd irradiation of the amides lb and lc 

under the same conditions gave the corresponding 
2-azetidinonec 2b (30%) and 2c (tM%) respectively, while 
no reaction took place m irradiation of Id. The 

configuration of the C(3)-Et group rr~nr to the C(4)Ph 

group in 2b was estimated by using the NMR spectrum. 

The NMK spectrum of photoproduct 2b showed the 

characteristic peak at 6 4.05 (d. J - ?.I Hz) attributable to 

the C(4)-hydrogen. while that of unequivocally 
synthesized 2b. c-is-rruns mixture. appeared the C(4)- 
hydrogen peaks at fi 4.05 (d, J = !.I Hz) and 4.56 (d. 
J = 5.5 Hz). Since the chemical shifts and the coupling 
constants correspond to those of reported truns and cis 
isomers of 21,” the signal at fi 4.05 can be assigned to the 

C(4)-hydrogen c-is to the C(3)-Et group. Therefore, the 

~Although Chapman and Adams reported Phomcyclrraflon of 
acrykmidcs lo !~axttdinoncs.’ our results arc fundamentally 
different from rhcu once m ~hc process of qchzarron 

photoproduct 2b has the C(3)_Et group frms to the 
C(4)-Ph one. 

In the cast of photolysis of lc a trace of N- 

benzylisobutyramidc (SC) was also obtained, while N- 
benzylpropionamide or butyramidc was not detected in 

photolyses of lr or lb. respectively. 

Irradiation of la in benzene with a high-pressure 
mercury lamp also gave 2a with low efficiency, and the 
formation of 20 was effectively sensitized by p- 

mcthoxyacctophenone (F., - 71.8 kc&‘: and not by p- 

aminoacetophcnonc (Et 7 65 kc&.” MichJer’s ketone 
(E, = 62 kcal),” nor acctonaphthone (ET = 59.4 kcal).” On 

the other hand. direct irradiation of la in n-hexane with a 

low-pressure mercury lamp gave 21 in a low yield with 

some by-products. These results indicate that the 
?-azctidinonc ZI was produced from the triplet excited 

state of the amide la. 

The formation of the 2azetidinones 2a-2e can be 
explained in terms of photocyclization via hydrogen 

abstraction by the j3-C atom through the 6-membered 
transition state as shown below (path A). An alternative 
path B. which involves hydrogen abstraction by CO 

oxygen through the T-membered transition state followed 

by l,4-hydrogen migration and rotation of the C-N bond, 

seems to be improbable because (i) no 2-pyrrolidinones 4 
were detected in all cases. (ii) there have been only a few 

reports on intramolecular hydrogen abstraction by amide 

CO oxygen,” and (iii) abstraction by excited CO oxygen 

through the S-membered transition state is the rarely 
obxmed process.” 

Moreover, evidence in support of hydrogen abstraction 

by the 8-C atom in formation of the 2azctidinones was 
obtained by the experiment using the dcutcrium labeled 
amide led. Sensitized-irradiation of lc-d, gave the 
corresponding 2-aretidinonc 2e+L. One of the deuteriums 
on the benzyhc position in the starting amide 1c-d 

completely incorporated into the C(3)-Me group in the 
2azetidinone zcd. On the other hand, the deutcrium 
incorporation was not observed in the product ?- 
azctidinone 2c when the amide lc was irradiated in 
benzene containing L&O. These results support the above 
mechanism (path A). 
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In the case of irradiation of 1c-d a small amount of 
N-deafkylated saturated amide scd, was obtained as in 
the case of lc. Deuterium incorporation into a Me group 
of 3c-d) indicates that the amide 3e4 was also produced 
via intramolecular hydrogen abstraction by the 8-C atom. 
However, detailed mechanism of the formation of the 
amide is not clear at present. 

Irradiation of N,Ndiisopropylacrylamide (1~) and 
methacrylamide (lf) under the same conditions gave 
saturated amides, N-isopropylpropionamide (3e. 3@%) and 
isobutyramide (31. 53%,), respectively. On the other hand, 
irradiation of a crotonamide 1~ and a cinnamamide lb 
gave no saturated amides. In these cases no 2-azctidinones 
could be detected. 

The formation of 3e and 31 can be rationalized with the 
following mechanism which involves hydrogen ab 
straction by the /3-C atom followed by isomeriration of the 
resulting biradical to an enamide 9 and subsequent 
hydrolysis of the enamidc. Recently similar photochemical 
dealkylation of N,Ndialkyl amides via enamides has been 
reported by Wilson and Commons.” 

Irradiation of N,Ndiethyl and dimethyl a.@m- 
saturated amides li-lo gave neither 2-azetidinones nor 
saturated amides. The process of hydrogen abstraction by 
the /3-C atom is a surprisingly rare event in organic 
photochemistry. The abstraction in N.Ndialkyl a$- 

unsaturated amides seems to be remarkably affected by 

substituents on nitrogen. An alkyl group on the N atom 
producing a extensively stable radical facilitates the 
abstraction. 

A substituent on the 8-C atom seems to also affect the 
abstraction. Irradiation of the crotonamide lc gave 2c in a 
low yield, and that of the cinnamamides Id and lb. and the 
crotonamide lg gave neither 2-azetidinones nor saturated 
amides. A substituent on the g-C atom inhibits the 
abstraction. 

P’inally we describe the effect of ground-state con- 
formation in the starting amides on hydrogen abstraction 
by the fiC atom. Lewis et al. reported that the product 
composition in photoreaction of ketones apparently 
depended upon ground-state molecular conformation and 
y-hydrogen abstraction by excited CO reflected O-H, 
distance.‘” 

Hydrogen abstraction by the 8-C atom requires the 
geometrical isomer, tl~ s-trons a,j3-unsaturated amide. 
Two conformers 1 and 1’ populates in the s-frons amide 
when different alkyl substituents are on the N atom (Fig. 
6). The conformer 1 is favorable to the abstraction 
because only benzylic hydrogen is abstractable. Popu- 
lation of 1 and 1’ is different in the N-benzyl-N-methyl 
amide lo and the N-benzyl-N-t-butyl amide lp; The 
conformer 1 populates predominantly in the amide lp but 
1’ in lo because of steric hindrance. Then photoreactions 
of lo and lp were studied. 
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Bcnzeae-sensitized irradiathn of lo mve tk cor- 
responding I-methyl-2-azetidi~oae tr in a 10% yield. 
Sensitized irndia& of lp under tbc same conditions 
gave tbc l-butyl-2-azetidiaon 2p (7.5%) and N-t- 
butylisobutyramide (3p. 19.5%). The products 20. Zp. and 
3p resulted from hydrogen abstnctioa by the j3-C atom. 
TIC abstraction took place easily in lp than lo. 

Tbcse results indicate that groumi-state conformation 
of tbc start& amides controlkd intramokcular hydrogen 
abstraction by the g-C atom. 

IR spccm wac rccc&d oo a Himhi EPI-2 spctromda. 
NMR spectra wac NO m 1 Hirrhi R-2D SpCtMWaUi&MS 
UipldSUdUd.MLuSpDCttXW~IIlUSUK!dWithIShbAl 

LKB9OOO spcstrcmcta. A T&J bw-pcmrc mcmuy Imp wu 
UdU~illKthtiOD~. 
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sm?ring ma&rids 
slarliog a~- amides ‘lq wae prcpmd uz- 

car- lo pWioi&y dcsaii m&ods.’ -z’ 
NJWi-dideur~k~ m-d.). In tbc cob 

vmticml way ethyl bmxuc (3.60) was reduced by I 8 of IAID. 
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tobtn&kohoid,ina~ykld.andthmIbc&obol~ 
coavertcd IO bcnzykhlaide in a 93% yield. The bcnzykhbri& 
d,wastramformedtodibeazyhmiacdina229tyiddrccordipp 
to Ibe mtbod of SynuXsb of dibcnzylxmioe.” The amide 14 
~Prrpur4from~d.aodacrykhk&cina27% 
yitu. IR @q. film) 163Ocm-‘. NMR (CDCI,) 6 1.98 (s. 3H. CH,). 
5.23 (m. ZH, oktinic protcms) and 7.0-7.4 (m. 10H. aromrtk 
proto&. 

Gavrol pnxedun for phokhemicol nacrion.9 of o&w- 
folumted amides (1). A benzene solo d 1 (loOmg/4t3cc) vu 
irradhed in a quufz vessel under N, wi(h a bw-pressure mcrcuy 
lamp.Aftcrrcmovalofthc~,Lherc$iducwaschromr- 
tcgapbcdonsilicapl.~tioawithamixturcofbcnzeacaod 
EtOAc lorded 2 PDdlor a 3. 

0) l-anzvl-3-~yl-4-pbmyl-2-urtidiaooc(t).IR 
(liq. Elm) 1755 cm- ‘, NMR (CDCl,) 6 1.24 (d. 3H. J 7.S Hz., ECH,), 
3.w (d of q, IH, 1. 2.OHz aad I. 75 Hze 3-H). 3.74 (d. IH. J 
lS.OHz, NCH,Ph), 3.W (6 IH. J 2.OHx. 4-H). 4.81 (d, 1H. J 
IS.0 Hz.. NXH,Pb), d 6.9-7.5 (m. IOH. aromatic protons). Thir 
pholoproduct was idcotial with a0 authcotic sample.‘O.” 

(ii) I-~nryl-3-ethyl-J-pheayl-2-azr~(2b). IR 
0iq. Blm) 176ocm-‘. NMR (C&Zl,i 80.93 (I. 3H. J 7.iH2, 
CHX&). 1.67 (q of d. 2H. J. 7.2 Hz and 1.7.0 Hr. C&X). 2.W 
(t of d. IH, I, 7.OHz aad I, 2.1 Hz_ 3-H). 3.69 (d, IH, J lS.2Hr 
N-CHIPL). 4.05 (d, 1H. J 2.1 Hz_ 4-H). 4.83 (d. IH. J 15.2 Hz_ 
N-CH,Pb). and 7.G7.4 (m. t0H. aromrtk uvtoas). The 
2-azctidimnc m was idull& with ail UDtquivtiy ryIl&?siXd 
sample. wtlkb was prw fnnn baylidcn and 
CIhyi 2-brceo-butyra!c. The synlhcsizd 2-rtctidioonc wls give0 
as cir-rranr I :2 mixture. b.p. 14SYlO” mmHg. IR (tiq. film) 
17SScal ‘, NMR (CDCI,. cis form) 80.77 (1. 3H. J 7.2Hz. 
CH,Cb,). 1.22 (q of d, 2H. I, 7.2 Hz. zmd 1.7.0 Hz. C&CH,), 3.24 
(I of d, IH, J, 7.OHz & J, 5.S Hz, 3-H), 3.74 (d. IH, J IS.2 Hz.. 
NCHSL). 4.56 (d. IH, J S.SHz, 4-H). 4.87 (d, IH. J 1S.2H2, 
NC)tPh) and 7.G7.4 (m. 10H. arwutk proto&. (Found for 
tic-rmns I :2 mix-: C. 81.47; H, 7.05: N. 5.19. C,.H,,NO 
requires: C. 81.47; H. 7.22; N, 5.2896). 

(iii) I-anZyl-3$-diwthyl-4-pbeoyl-2-lurtidinoot(2c). 
IH 0ia. film) 1755 cm ‘, NMR (CDCl,) 6 0.75 (I. 3H. CH,). 1.29 (I. 
3H. CH,). 3.76 (d, IH. J IS.0 Hz, N&Ph).i.;3 (r;lH,CH).4.8j 
(d. IH, J IS.OHx, NXH,Ph) and 7.1-7.3 (m. IOH. aromatk 
protoos). This was kkotkal with an authcofic sun&l’ 

(iv) N-benzytisobutyramide (k). m.p. 89-w (lit.. 92’).” Thir 
was identical wiul an UltbmIk makriai.” 

(v) I-dideutrriobtnryl-4-dattaio-3-deutuiomctbyl-3- 
methyl . 4 - amdimoc (2d.j. IR (liq. tibn) l7SOcm-‘. NMR 
(CLXI,) 6 0.75 (s, 2.SH. 3CHB). 1.29 (I, 2JH. 3-CH,), 7.1-7.3 (m. 
IOH, aromatic proto@. Mw m/r’ 269 CM’). 

(vi) N - didcut&obcnzyl - 2 . deut&mcthyli&ut~ 
(H,). IR (KBr) 3350 pad 164s cm- ‘, NMJt (CDCI,) 6 1.1 I (d, SH. 
J6.8Hz.CH,andCDCW).2.3(m. lH.CH).6.4ti. lH,NH),aad 
7.25 (s. SH. aromatic potom). Mw m/c’ 180 CM’). 

(vii) N-isopropyl-n-propion (Jc), IR (liq. f&n) 3320 sod 
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I#P/SmmHg, (lip. 117-12lW.6mmHg)” IR (liq. film) 174Scm ‘. 
NMR (CDCI,) 6 0.73 (s. 3H. CH,). 1.38 (s. 3H. CH,). 2.80 (s. 3H. 
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