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PlBXDCRDiICU ISOISRIWTION OF SIMPLE a,B_UNSATrrrmTED KETQNES 

1. C. Yang (1) and Uargarst J. Jorgenson 

(Received 25 War& 1964) 

IN our detailed study of photochsmical behavior of simple acyclic a.rpdn- 

saturated ketones (I), us have observad three differsnt kinds of behavior 

of these ketones upon irradiation. One, tbs formation of cyclopropane deri- 

vatives when the carbon rtom y to the carbonyl group is a quarternary one 

(Ia, R=kbut.yl, R1=Rv=& Ib, R+butPl, R'=T, R”=H) hs been reported (2). 

Other structurally similar ketones were found to undergo facile isomerization 

to the g,y-unsaturated Isomers, or were characterized by their unusual re- 

slstance to any photochemical change upon irradiation. Lack of reactivity 

was typical for simple homologs of I, 3-penten-e-one (Ic, RCH3, R'=R"=H), 

mesityl oxide (Id, R=Rt=CH3, RQB) and 3&dimetbyl->penten-2-one (IO, R= 

R'=Rv=CIi$ undcu a large variety of conditions. We have also observed this 

resistancs in 4,5-dimethyl-3_hazen-2-one (If, R=CH(CR$,, R'=C%, R"=K) (3). 

The lack of reactivity in this caze was particularly surprising as its rela- 

tive, 5-methyl-3_hexen-2-one (Ig, R=CH(C%)2, R*=Rn=H)r was found to undergo 

4 f8cile isomerization to tbe &y-lsomert 5-methyl-kbeuen-2-one (II) in very 

(1) Fbllov of the Alfred P. Sloan Foundation. 

(2) Me J. Jorgenson and II. C. Yang, J. Am. Chem. Sot., 5, 1698 (1963). 

(3) The cis-trans pbotostationary state (cis:trans, 95:s) of If was 
X'Udw established. Upon prolongad irradiation a slow change to polymeric 
products took place. 
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goodpieldunder the following conditions. The ketone (10 g.) was irradiated 

in 450 ml.. of ether for 12 hours With a PIanovia 450 w. lamp employing a pyrex 

filter. At this time the completes conversion of the a,&isomer to the p,y- 

isomer WISNI indlc~ted by Infrared and ultraviolet spectroscopy (4). Distilla- 

tion afforded 7.5 g. (758) of the pure p,y-isomer as indicated by the usual 

characterizations and its n.m.r. spectrum, a one-proton triplet at 4.68~ (J = 

7 ops), a two-proton doublet at 6.95~ (J = 7 cps) and three three-proton sin- 

glets at 7.94, 8.20 and 8.35~. Facile isomerieation of >hexen-Zone (Ih, 

R=C H , R*=R*H) to its Bq-isomer also occurred under similar conditions, but 
25 

the isomerization was complicated by the formation of both cis and trans iso- _- 

mers of the product, khexen-2-one. 

The only report on the isomerization of simple acyclic a,&unsaturated 

carbonyl compounds is by McDowell and Sifniades on the vapor phase isomeriza- 

tion of crotonaldehyde to >butenal (5, 6). We uere unable to observe 

(4) This COnVersion was preceeded by a rapid cis-trans equilibration, a- 
chieved within one hour. 

_- 
Starting ketone and the S,+somer had identical 

retention times in our gas chromatograph. Spectral analysis indicated that 
mOre thrn half of the starting ketone bad reacted within two hours. Because 
of separation difficulties, the reaction was continued to completion. 

(5) C. A. McDowell and s. Sifniades, J. Am. Chem. tic., 84, 4606 (1962). 

(6) We have shoun two other reports CR. ya. Levina, V. N. Kostin and P. A. 
Gembitskii, Zh. Gbsch. Khim., 2, 2456 (1959)] of such isomerization could not 
be substantiated. 
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this i8oraoti8.rtlon in 8olation unda a mrloty of cmdltions. Mou888ron (7) 

and de Mayo (8)roported thoimmorLratSon of imonr to unconjug&8dk8toner. 

Inbothe~8e8 th8dWmnoe foMcont~innd8 oanj~taddfu~o qstm. Jagor 

(9) rocentlyreportoda aWtlulmmuls~tion ina oyullck8tmm,l0a-t88to.. 

Staon.. Innonaof~~nr~~~wchnlaroi~pbotochai~ 

r8mtiona d8find. buttammltlon r-t88 AmdBumr8pfopb~for the i8o- 

mnlr~tion of olw3u~ (5). 

In umlogyrrith theobwwedpbotoohmiail amllmtion ofo_rrubttitut8d 

Moph8nonor (lo), u8 hvo attupkd to dwn8tr8k tht a 8imLl.m mchmisr 

nuyqply to thei8omr%sation ofa,$-unutur8tadk8toner. IrmdiAtlon of Ig 

in deutwomethmol ( TOD, 0.5 g. in 40 al.) for 40 mlnatos lad to 90$ comer- 

slon of Ig to II. Th8 n+mm 8pmtnm of II thw obtaind lndic~tad Umt95$ 

of thehgdmeenin the ~podtioohdboonadungd for d8utmlumdemon8tr&lng 

t2mttho8nolrr8ulintrmdk t8 i!l tblr 18am8ri8~tion (11). D8ut8rium in- 

corporation occurred duringk8toniutiar. Tb888 oxporimaltr 8limin~ts the 

(7) Ma Houaror0n-Cumt, M. Mouareron md p, ~8ndr0, &ll . sot. cklm. France, 
1509 0961). 

(8) p- d. -PC J. 3. Stotherr and R. W. Tip, bn. J. Chom., 2, 2l45 (1961). 

(9) H* -& R. -0, I* s0haffn.r m-id 0. &gas Eel*. Wm. AC&~, 
678 (1963). 

(lo) N. c. T8oPi And C. B1W8, J. Aw Chem. Soo., 9, 22l3 (1961). 

(11) W&or idonti081 conditions, lrruU8tion of II In C ODl8d to no 8x- 
ChWg8. "h Prvlong8dirrwii~tlon r88ultd in the axchulg~ of 1 a-protons of 111 
and hence the 8kwt ruction time wa8 ChO8e& 
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fou+Centered transition state B, as such a pathuaywould require the in- 

corFQrst.ion of l proton into ths a-poeition in the deuteratd medium. 

Tbeimen trenefer in the iamieatiarofa~~ueeetu~tedketonee 

is enelocee to Wee observed in eaturetdkotonee (12)anduolvtic ketones 

(10)~ tb~ r0~0ti~8 a~itsd etrtee of these ketones may us11 be "-WC+ in nature 

(13. 14, 15). Since cr~ton@ldei@~ ph~tcleomrisoe in the gas phase (5) but not 

in solut.lmr it is reaeonabletoaecriti thedifference to tbelarge energy 

requirment for the abetrectlon of a primary hydrogen in the transition state 

A which uill not be eatiefied upon irradiation in solution. Similar explanation 

may apply to the photochemical etibilitiee of ketones Ic, Id and Ie. It eeeme 

then surprising that4t5diutbyl-3-haraLZ-one (If), l ltboughithae a readily 

abstract&lo Wary hydrogen, ebowe no sign of ieomerieation under the wuel 

condition. Platt (14) eeggeeted that there may be major differences in photo- 

chemdetry of mleeulee, depending whether 1 -s* or s -I* is the low lying 

triplet state. He aleo euggoeted thattbe sequence of triplet states maybe 

reversed ei@y by 8etbyl eebetitution in favorable cases. It is known that 

k_alkylrn&etituente bevea wrymerked effect on thelevelof7t-x+ singlet 

excited statas of a,~unahuutd ketones (16). It would not be surprising 

that thocle eubetituente will aleo etablise the corresponding triplet etetes. 

Although 5-methyl-3-kaen-2ono (Ig) maypossess a loulying "-& triplet 

etat~3, idroductidol of another -thy1 eubetituent to Ig vi11 reveres the 

(12) !I. c. 

(13) 0. s. 

(14) <Jo R. 

(15) 9. 1. 
2671 0943). 

06) R. 8. 

Tuy and D. 8. Yeng, J. Am. m. Sot., 0, 2913 (1958). 

Und and P. A. Lsemaka, ibid., 84, 207 (1962). 

Phtt, k*l. Rev. Phye. Cba., & 365 (1959). 

zvidt~, Lo Oroeewinu end N. C. Tang,J. Am. Cha. SW., 8_& 

-9 m, a, 1123 (1941); &r 76 (1942). 
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order of the tripletstdes thstr -** trlpletbecmes theloulylng triplot 

for 4,5_dimethyl.-3_hexen-2-one (If). Recently Eamaond daonstratsd that 

wutic carbotjylc~adth low-u-u* tripletstde8 ue nsistant 

in light inducsd l@mgr! Wansf& roaotlonr (13). Be dIfferme in behsvior 

betueen ketones If and Ig tanrdpl~twhdorl i_ tSam~be&tiwnlted 

to the posslbledlf%~e h thenetureof the.9 low- tripletstAos~ 

The dapendace of phokochai~ wotiona on the!uutruUOf raOibd date8 

may also appu to otherk.Wms in thir$wiw* ~rti'&ttbllo? thi8 hmo- 

thesis byphyaid mmw0mmtsulllbWfiiYfmtinau~tom. 


