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Abrtmst Photochcmlcal rearrangement of 2.2.5.5.telramelhyl-I .3-cyclohcxanahonc (I) ytrlds prc- 

dommantly an cnol li-lacronc V with an cxoc-ycl~c olclimc bond. A small amount of IIS more slabic Isomer 

VIII IS also produced. Slmllar trcalmcnt of Z.Zdlmc!hyl-1.3.cyclohexancdtonc (II) cxclus~vcly affords an 

enocycl~c cnol &lactonc VI. These cnol lacloncs V and VI arc rcconvcrtnl pholochemlcally Into the 

rcspccl~vc dIketones I and II In low yields. whtle VIII gives fragmentation products. Photolysts of an opcn- 

cham dIketone. 3,3dtmcthyl-2.4-pcntancdtonc (XVI). gtvcs the lsomenc cnol ester XXI along wtth 

blaccryl and l.*d~kclonc XX, whereas phorolysls of 2-acctyl-2-mcthylcyclohcxanonc (XXII) tnvolvcs 

the so-called Type II reactton lcadmg IO a rmg<lcavagc producl XXVI. The mcchamstlc Impltcaltons of 

the phorochcmlsq of I. V and VIII have been discussed. 

PHO’I’OKIIEMICAL cycloaddition of enols of B_diketones such as acetyl-acetone has 
been investigated and has opened a valuable route to 1.5diketones.’ The photo- 
chemistry of nonenolizable gdiketones has been studied by several groups with 
respect to tetrabenzoylethylene3 and dimethylketene dimer.3 The present paper is 
mainly concerned with photochemical behaviour of three types of nonenolizable 
gdiketones as represented by I, XVI and XXII. 

Photorearrangement of 2.2dimethylated l,3-cyclohexanedion. Irradiation of 
2,25,5-tetramethyl-1.3-cyclohexanedione (I)’ in benzene at room temp (high-pressure 
Hg arc, no filter, N, atmosphere) caused rearrangement giving a mixture of I and 
two isomeric enol lactones V and VIII (3:95 :2) in 85% yield.‘-’ Similar treatment 
of 2,2dimethyl-1.3-cyclohexanedione (II)* gave exclusively an enol b-lactone VI in 
70% yield. The structures of these lactones were established by the comparison with 
the specimens independently synthesized according to the published method& in 

’ l P. &Mayo. H. TakcsLta and A. B. M. A Sattar. PICK Chem Sot. I I9 (1962); ’ P. dcMayo and H. 

Takahitr Camxd J. Chem. 41. 440 (IW3); ’ G. Komis sod P. &Mayo. Ibid. 42 2822 (1964); ’ H 

Hlkioo and P deMayo. J. Am Chem Sot. 86 3582 (1964). 

’ II Schmid. H. Hochwcbcr and H van Halban. He/s Chim Acza 30. I I35 (1943 and Rcfs cl14 lhcrem 

’ ‘K J Turro. P A Lccrmakers H R. Wilson D C. Neckera G. W. Byen and G F Valey. J Am. Chem 

Sot 87. 1613 (I%Q and Rcfs aral therein; ’ H. G. Richcy. J. M. Richy and D. C. Clagclt Ibid. 86. 

3906 (1964). ‘ I Halkr and R. SrmlvasaR Ibid. 87. II44 (1965); ’ R. C. Cookson. M. J. NY and 

G. Subrahmanyam, Proc. (‘hem. Sot. I44 (1964). 

’ ’ R D Dcsal. 1. Chem Sot. IO79 (1932); * jz!*“- 292 mp (.s 52). 

’ The raulr has hem briefly reported m a communication form: H. Nozaki, 2 Yamagurl and R. Noyor~. 

refrdudron Lnrcrs 37 (IWS) 

’ Similar result have been discloxd mdepcndently: ’ R C Cookson A. G Edwards. J. HI&C and M. 

Kmgsland. Chum Co-. 98 (IWS); * H U Hos~e~~kr. Tetrahedron Urers 1941 (1965). 

’ Cookson ti al. (Rd Q) reported V was the sok product oo irradurioa d I in ethanol or cyclohcune 

wcth Pyrex-liltercd I@. but we observed formation of VIII under I& aan~ condilions. 

’ l I N. Nazarov and S. I Zav’yalov. %A Ohshch. Khu 23 1703 (1953); Chem ANW. 41. 13667 (1954): 

’ &$+-= 285 w (C 55) 

3993 



3994 H. NO~.AKI. 2. YAYAGL;TI. T OKADA, R. Novcm and M. KAWAhUI 

which the corresponding ktto acids XI and XII were cyclized by means of acetyl 
chloride. This cyclization of XI and XII, however, has now been proved to give a 
mixture of V and VIII (38 :62)9 and a mixture of VI and IX (25 :75), respectively. Thus, 
the preferential formation of the less stable exocyclic enol b-lactone characterizes the 
photochemical rearrangement herein recorded. 

XI. R-C% 
XII. R-H SChUWI 

Irradiation of the exocyclic enol lactone V” in benzene (high-pressure Hg lamp, 
Vycor, N, atmosphere) for 10 hr at room temp afforded a pseudoaquilibrium mixture 
of I, V and VIII, the product ratio being 3 :95 :2 which was notably similar to that 
obtained on photochemical transformation of I. 

On the other hand 130 hr irradiation of the endocyclic enol lactone VIII under the 
same conditions yielded neither I nor the isomeric V, but 25dimethyl4hexen-3-one 
(X) in 11% yield as an only isolable product. Irradiation of 01 molar cyclohexane 
solution of VIII gave a 46% yield of X. The structure of X was identified by IR, NMR 
and elemental analysis. The counterpart of this photocleavage product or ketene 
was not detected among the product$ but irradiation conducted in the presence of 
ethanol gave ethyl acetate originating therefrom Photolysis of an en01 lactone XIII 
was reported to result in the decarbonylation along with loss of ketene molecule to 
afford XV and XIV, respectively, I1 but we did not observe the decarbonylation of 
VIII at all. The mechanism of these reactions will be discussed below. 

‘$” Its cHrcHCOcH~ l cH&-o 

XIII : pI: l co 
xv 

0 

10 

II 

Dew (Rdb) reporlcd the simple formel~on of VIII tn tha cyclml~on bul w~l no proof. Both uomers 
BR ~bcrndly rubk d balm II 190’ does not indua murual ia~ercoavcn~oa 
v: cs 5250 VIII: c*z()_ WJ- 2oooo. 
A. Yogcv and Y. 42~. 1. Am Chm .4x. 87.3520 (IWS) 
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Photochemistry of 3,3di~hyl-2,4-penlMedione. Attention was focused to the 
purely openchain j3diketones. The photochemical reaction of 3,3dimethyl-2,4- 
pentanedione (XVI)” was conducted as for I or II. but the results obtained wett far 
more complicated. From the complex mixture the following products were isolated 
by GLC and identified (yields in parentheses): biacetyl (8%). 3,3,4.4-tetramethyl-2.S 
hexanedione (XX; 33%), sod the rearranged product trimethylvinyl acetate (XXI; 
20%). The structures were established by comparison with authentic specimens. The 
photolysis induces a-fission to produce radicals XVII and XVIII (Scheme II). The 
C-radical XVIII would be partly converted to the corresponding O-radical XIX. 
which subsequently recombines with acetyl radical to yield the enol ester XXI. 
Formation of biacetyl and the diketone XX is explained by assuming dimerization 
of the respective free radicals XVII and XVIII. 

WC0 

f 

-cow3 h3 -waCO.+~ a G 

XVII f XVII 

Photolysis of 2,2dimethyl-1,3diphenyl-l,3-propanedione and 2,2dimethyl-l- 
phenyl-l,3-butanedione yielded intractabk mixtures which were not further in- 
vestigated. 

Photochemistry of 2_acetyl-2-merhylcyclohexMone. Another type of photochemical 
transformation was observed in the case of 2-acctyl-2-methylcyclohexanone (XXII).” 
Irradiation of the benzene solution of XXII (high-pressure Hg lamp, Vycor, Nz 
atmosphere, 20 hr) at room temp followed by preparative GLC led to isolation of 
the following compounds (yields in parenthesis based on consumed XXII): biacetyl 
(tract amount), 2-methylcyclohexanone (XXIII ; 6 %), 3-methyl-7-octene-2,4dione 
(XXVI ; 14%) along with the starting material (35 % recovery) and several unidentified 
components in small quantities The openchain diketone XXVI was identified by 
comparison with an authentic sample.‘* Rearrangement leading to I-membered enol 
lactones could not be demonstrated. 

In the photochemistry of XXII abstraction of the C.-H by the excited carbonyl 
oxygen of the axial acetyl group (Scheme III) and the simultaneous cleavage of the 
C,K, bond supposedly yield the unsaturated pdiketone XXVI. This type of 
fission is reminiscent of Type II cleavage in aliphatic ketones.” To our best know- 
ledge, this kind of ringdpening is without precedent. The a-fission products were 

‘I l C. R. Hauscx and J. T. Adam% J. Am Chem Sot 66 345 (1944);’ AUdH 292 mp (c 173) [S. T. Yoffe. 

E. M. Popov. K V Varsuro. E K. Tuhkova and M. I. Kabrchnil; Trmakdron lb 923 (IWZ)]. 

” ’ G R Pajnc J Ory Chrm 2&4793(1%1);’ ~*29Omp(r4@3). 

” c; Lcscf.&II soc.Ckun~r l3ln.64cl902, 

.’ J G ( .I~\CII and J \ 1511x Jr, Phorockmtsrry p 3A2 W~lcy. New York (1966) 
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also produced, but the ketene arising from possible abstraction of the C,-H could 
neither be observed, nor trappad even in the presence of methanol. 

Mechanistic studies on the phorochemisrry of 1, V and VIII. The photor earrangement 
of cyclic pdiketones I and II would be consistently explained by Scheme I. The 

photoexcitation of I results in the fission of the C .CO bond (a-fission) giving the 
CC-diradical III, which subsequently isomerizes to the C,O-diradical IV, and rt 
cyclizes to the enol lactonc V. Rearrangement of III or IV to the C,Odiradical VII 
cia 1,3-hydrogen migration occurs to a lesser extent and the subsequent radical 
recombination gives the isomeric lactone VIII. In order to obtain a further insight 
about this mechanistic interpretation the irradiation of I was carried out in certain 
solvents and the results were summarized in Table 1. 

The involvement of n, R* triplet as a reactive species in this rearrangement was 
supported by the quenching effect of piperylene.‘6~ ” Upon irradiation with light of 
wavelength longer than 350 mp in the presence of benzophenonc however, the re- 
arrangement did not proczcd appreciably. The lack of benzophenone effect might be 
accounted for by assuming that the triplet energy of benzophenone (69 kcal/mole) is 
i.nsuIlicient to excite I. On the other hand the direct photolysis was found to be 
remarkably accelerated in n-propyl bromide. This should be explained on the basis 
of the intermolecular heavy atom effect. I6 Finally, diketone I reacted about twice as 
fast in benzene as in cyclohexane under irradiation with Vycor filter. This would 
probably be rationalized by assuming the sensitization by bcnzene.19 

Scheme I also involves the photochemistry of enol lactones V and VIII. In these 

lo For p~perylcrw as an eflic~enr 1r1ple1 energy acceptor. see ’ G S Hammond. P A. Leer-ken and 

N. J. Tuna. 1. Am Chcm Sot. 83.23% (1961); ’ P Wagner and G S. Hammond. Ibid SU. 1245 (1966). 

” In rhc pbotochemtsrry of dmtcrhylkeiene dnner. the chemically acwz excited slate w clalmed IO be 

an n. fl singlet (Ref kr) 

” ’ For the external heavy atom elYccta see S. P McGlynn T. Azumi and M. Kasha 1. Chem Phys ao. 
5007 (1964); * lo the photodimmzatioo of coumann, n-propyl bromk as lbe sohnl gave a high ylcld 

of wlpler dlmcr; H Momson and H. Curls. Abstroas oj Popen Prcwnted (II flu Organtc Chmusrry 
Division, ISISI Nolionol Meeting o/&e Am&con Chcmicd Sociery 55K Pittsburgh. Pa, March (1966); 

‘ UV spectra d I in cyclobcxane and in n-propyl bronudc were comparad but no appreclabk change 

observed i- 292 mp (c 52) and i.xvr’ br0- 292 mp (L SO) 

‘* For the abd,ty d benzene as a solwnr unrifirer. .scc G W Grtfh. J Covell. R. C Pellcrsoa. R M 

IX&on and G Klosc 1. Am Chrm Sot 87. 1410 (1965) 
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latter cases, however, the interpretation is not so clearcut as that of the I3diketone 1. 
Upon irradiation in the presence of bcnzophenone (> 350 m)r, in cyclohexane), re- 
arrangement of V and fragmentation of VIII did proceed to yield the same products 
as the ones obtained by the direct photolysis. The accurate comparison of the product 

tABi& 1 PtWTO~‘tttYISTRY 0 i?.i?.?d-TFTttAUtlttYI -1.3-(‘Y( IOttEXAWf~Hth, (1)’ 
.__ 

SOIVCUI FllllX 
lrradlatlon Conversion* Dulribulion ( %t 

llmc (min) ( ‘b) I 
__ __ ,__ -. - -. 
Pqtcrylene Pyrex’ 70 

Cyclohcxaae’ ’ Pyrex’ 180 

CuSO, aq’ 

- .- - 
0 loo 

20 100 

V 
..- 

0 

0 

n-Propyl bromide Pyrex’ 20 

40 

60 

24 

58 

% 

Cyclohexanc Pyrex’ 20 

40 

60 

130 

250 

17 

43 

71 

84 

98 

Bmzcne Vycor’ 60 

120 

IX0 

Cyclohexanc Vycor’ 60 

120 

180 

25 75 
61 39 

100 0 

I8 82 

44 56 

72 28 

85 IS 

100 0 

R3 17 

94 6 

91 3 

43 57 

65 35 

73 27 

a2 

92 

95 

41 

62 

70 

VIII 
..-- 

v 
(Y 

1 
3 

4‘ ’ 

I 
1 
1 
1 
2 

I 
2 

2’ 

2 

3 

3’ 

_-. -. -. .- -_. - .-.. .- ~ - .- -. .- 

’ Irradratmn was eikctcd cx~emally cn 01 M sooh in each solvea~ by means da 200 W high-prraturc 

Hg hp. 
’ These values were obtained (~1 rbe basis of peak areas of GLC 

‘ A Pyrex lube with 5 mm dlamcta and 40 mm length was used as a vessel. 

’ Thea values were pract~crlly uncbaagcd even on prolonged irradlption 

’ knzophenoac (2 mole ratlo IO I) was added 
’ Bcnzopmnuol was prcccpitared during wradialron. 
* A I.5 an thick 10’4 CusO,soln was used as a Clter 
’ Formmoo d an unidcmfid product ka. I5 “/d was obm-vd. 
’ AVyuxrubtwirhISmmdumeraand120mmleagthwarusadaravml 

distribution, however, could not be attained due to side reactions involved in the 
sensitized photolysis. These facts should imply that excited triplet states of V and 
VIII are able to induce chemical reactions, but the possibility of the direct photolysis 
proceeding via an excited singlet state cannot be excluded. 

EXPERIMENTAL 

All m.ps and bps are uocorrcctai. M~croanalysa were pcrfonwd at Ekmenial AnaIm Centrc of 

KY&O Uaivcmnty NMR spectra wm taken wlh Varian A 60 apparatus and chemical shifts are given m 
ppm from TMS internal standard. Unksa olkwuc slated, ~rndiaticm was elkxal extcmally by maos 
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of a 200 W high-pressure Hg lamp (quartx ~rcket) from a distana of 3 cm under N, atmosphere at room 
temp. 

Phordysir o/ U5.5-r~rom*hyl-l,3_cyclohcuuudlonc (I). A so411 d I’ (30 g; 18 mm&s) m batrmc 
(4CQ ml) was uradiatai without filter. Aliquots d the uradiatcd mixtum were ducctly analyzed by GLC 
(Hgh vacuum uliconc grease 2 m; He as a cama gas; 200”) After 2 hr irradiation a puudo-photostationary 
state was ~tta~nai. and there appeared two new peaks A (relat~vc rctentton ttmc. 0 85. relattvc peak area. 
2 “/A and C (166; 95 “/,, along wtth B (IO; 3 “/a) whtch was shown to be the starting material. Tracz amount 
d unidcntitkd product (rclauve retention umz 1.10) was also formed Concentration of the soln followed 
by distillation gave a colourlm OIL b.p. 6768”R.5 mm n *‘o 1.4725. whtch was atablubcd to be Skydroxy- 
3.3,~wimethyl-5-hepwnoic acid Nacron (V) IR (neat): 1760, 1692 and 1217 cm-’ (cnol ester) NMR 
(03,): 6 lo2 (6H. singlet. qemdiwthyl). I63 and I.71 (6H. two ringleta isopropyhdene methyl) and 2.26 
(4H. singlet. wthykne) (Found: C 71.1; H 93. C,,,H,,Os requires. C 714; H. 9.4x.) 

TTK peak A was found to be 5-bydroxy-3.3.6trimcthyl4-heptenok l ctd 6-kcton (VIII) isomcrrc to V 
IR (neat): 1770. 1683. 1240 and I212 cm-’ (en01 ester) and 1060 cm-t. NMR (CC),): 6 Ia3 and IO8 
(6H. twosingk~gcmdimcthyl), I.1 I and l.l4(6H, two singlets, isopropyl methyl), 190 2,7O(lH. multipkt. 
m&tine), 2.30 (2H. sit&t. mctbyknc) and 4.79 (IH smgkt, oklinic) (Found: C 716; H, 9.7. Cak. for 
ClOH,sOa. C. 71.4; H, 9.4%) Independent synthesis d V and VIII was performed rccordmg to the 
method d Dcsai4 Treatment d XI (186 g; 01 mok) and acxtyl chloride (64 ml; 09 mok) aflorded an 
ody mtxture d V and VIII (38:62: I61 g; 90% yield) Fractional dutillrtion through a spmning band 
cdumn (theoretical 30 plates) ykldal the lactone VIII (7.6 g). b.p 103.5” 208 mm I02 6. 206 mm. I$’ 
I4540 (lit.* IIF 1.4547). and the lactonc V (I.7 g), b p I206 121.2 :20.5 mm. n:,’ 14718. Thcu IR spectra 
were compktely supcrimposabk on those d photorearranged products from I. 

Tbe yield of the unidcntiftcd product (relative retention ttme 1.10) reached ca 15% what n-propyl 
bromide was umd as the solvent. 

Photdysic o/ I in wious soltm~r; pwrd pocedurc. A solo d I III various solvents was mtroduced to 

Pyrex or Vycoc tuhc and trradiated undo the conditions described m Tabk I. Tht course d the raction 
was motutoral by GLC (Aptaon grease L 2 m; He as a carrier gas; 2009 with rckrcna to the unirradiatcd 
satnpks. The results arc summarixul in Tabk I. 

Phorolysir o;( rhe txocyclic md &ctomr V. A 0 I molar sdn d V in bcnmt~ in a Vycor tube was irradtrted. 
The court dthc reacttoo was followed by GLC (High vacuum s~hcone grease; He; 200”) IO hr irradutioa 
yielded the same dutributton of tbc products (I :V :VIII = 3 95 :2) as the pbotolysis d 1. A @I molar soln 
of V in cyclohexanc in a Vycor tube was similarly tnadutcd. After 2 hr the distributton d the products 
(1 :V:VIII) was found to be 27:70:3 or in the same ratio as tbc photolysis d I in a Vycor tube. When 2 mole 
ratto d bcnxophcnone was added to a 01 molar sdn d V in cydobcxanc and the mixture was irrsdutai 
by means da 200 W high-pressure Hg arc (tiltera! by Pyrex glass and IO% CuSO,aq) at roun tcmp for 
I hr. the same mixture (I :V :VIII - IO:87 :3) was obtained, but low yickts (35 7’ d this mixtum should be 
attributed to side reacttons. 

Phorolyti 9( rh cnducyclic rnd kacton VIII. A soht of Vlll(13.3 g; 79 mmoks) in benreac (220 ml) was 
irradiated in a Vycor tube. A new peak appeared at retention time d 033 mkttv% to the starting material 
VIII. After I30 hr trradiatton it amounted to I I “/& At the point uradutmn was intera?@ and tbc mtxture 
was conantntcd. thstillation in ~rocuo gave an od (20 g) b.p. 40 63”,7U mm which was analymd by 
GLC (High vacuum stliconc gruse 2 m; He; 150’) and a singk component with retention time d 033 
(VIII as standard) was isolated by preparattvc GLC. Tbc followmg physica) data atablishod the structure 
d this component as X IR (neat): 1690. 1623. 1380. II75 and II52 cm ’ NMR (CC),): 6 09R and IO9 
(611. two anglct% grm-dtmethyl. I%6 and 2 IO (6H. IWO doublets tsopropyhdenc methyl). 2 4lt l IH. hcptcl. 

wthmc) and 6Nl (I H. multlpkt. olefm~c~ (Found : C 75.7; H. I I ,3. Cak for C,H ,,O : C. 76 7, H. I I ,2 Y. ) 
2.4-Dmitropbcnylhydrazonc, m.p. 112’ (lit.” 115-I 16”). 

When 2 mok ratio d bcnzopba~one was added to a 01 mokr soln d VIII in cydohcunc aod trrndtatal 
in a Pyrex tube with 10% Cu!SO, aq as a filter for 2 hr. the ytdd d X reached 6%. 

Irradiation d VIII in cyclohcuac (Vycor tube) for 2 hr gave 46% yield d X. 
Wb a soln of Vlll (0 17 g: I mmolc) tn EtOH (2 ml) was irradiatal III a Vycor tube for 70 hr. AcGEt 

was detected among the reactton mixture by GLC (High vacuum sillcone grca.w 2 m; He; SO”) 

Hydrolysu o/ SSrydroxy-3,3.6-rrimhyl-5-)uprnoL acid ~-&~IoN (V) A soln of V (054 g, 3.2 mmoks) 

in akohohc KOH aq (100 ml) was heated under rdlux for I hr. Working up the mixture followed by 

” C J Ttmmons. I C&m Sac 2613 (1957) 
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dutdlauon in WVYD afforded XI (031 g: 609, yield) as a ~ol~urkss OIL b p IS& 154’. I5 mm (III.~ 160 
15 mmb t&’ 1.4461 (~ir.~ 1&?3), (Found: C, f&+8; H, 9.9. Calc for CtoH,tOl; C. 64.5; H, *79,.) Scmi- 
carbazon of XI. m.p. 1~155 (dccl (III 4 l5II‘ ldcc)l. (Found : C 54-4; H. R 8. Calc for C, , Hz ,O,N, 
C. 54.3, H. 8~7~~l 

PhoroiyJis 4 Ud~rhyl-l,3_cycloh~xxancdion+ (Ilk A soln of It (20 g; 14 mmolal ID cyclokxane 
(70 ml) was mrdmtal in a Pyrex luk Tk coum d tk rcac!ma was followed by GLC (Apiczon grease 
L 2 m; He; 2009 arxJ &a I2 hr irradiation tk starting mrricrial II was completely cwumcd and lnotkr 
singk pak wirh rzlailve rcwniioa tmc of I.65 (It as standard) was oblaiocd Coacenrraiioo followed by 
disrilistion in WNO gave an oil (14 g; 70% yield), b.p. tZI’tt6 mm This was found IO be SStydroxyd- 
~fhyl-s-~pre~~ acid S-Iacme (VI). IR (nut): 1760. 1695 and 1230 cm-‘. NMR (Cm,): d 168 (6H, 
doublet isopropyhdcne mlbyl). I.80 200 (2H. mulripkt mctbyknc) and 2.33-2@3(4H, multipkt me&y- 
lcncsb (Found: C. 68.6; H. 8.9. C,H,lOz requires: C 68.5; H. 8.6’4 ) Lactonc VI was mdcpcndcnrly 
obramcd from cyclizalion of Xtt.ti The lsomcric mixlure cons~s~al of VI and IX m a ratlo of 25:7S. The 
1R spectrum of VI thus oblainul was compkrcly superlmposabk on Ihat of the photorcanangcmcnr 
product. 

Irradtntion of VI ia cyclokxane (Vycor tube) for 2 hr gave a mixlure of It and VI in a ratio of I :2. 
~y~roiys~ o$ S-hydroxyd-mnhyf-5-htprrMic acid 8-kzctoru fvtt. HydrolF of VI by means of alco- 

holic KOH aq g.avc the corresponding kero acid b.p. 135 137’ .I3 mm (lit ” I3& l40”, 5 mml (Found : C, 
60.8; H. 9.2. Calc. for C,H,,O,: C. 6@7; H 8.9%) Semicarbazonc melted II 18&lX7’(11~ I’ I77 178’). 
(Found: C x)2; H. A I; N. 19 2. Calc for CIH,,0,h’3: C sO2; H. 81); N. I9 5x.) 

Prepurofion oj 3.3dmmfhyK?A-pentonrdione (XVI). The me~bod was cz-scn~lly based on tk recorded 
mcrbyhuoo proccdurc. ” 3-Merhyl-2.4pcnIancdionc (244 g; 021 mole), Met (51 g; @36 mole). abs 
aoc(onc (40 ml) and enhyd K,CO, (28 g; @21 mole) were healed under reflux with stirring for 48 hr. Solids 
were removed by filtratton and washed several lmxzs with acetoat Combined fibta sax conanrratccl 
and trcamd with CuSO, aq IO remove unchanged starting matenat. Disrillatmn gave XVI (25.2 g: 92 ‘$, 
yield). b.p. 16K- 171’ (hr.” 172’1 IR (near). 1725. 1703. 13SX. 1133 and IlOScm-‘. (Found: C. 65.4; H. 
96. Calc. for C,tllIOI: C. 65.6; H, 9.4’;b) 

Phordysis 01 3,3dinurhyl-24-pmmudionc (XVI). A solo of XVI (354 8; 028 mole) m bcnzcoc (SC0 ml) 
was irradlarcd through a Pyrex filler. The rcaclmn was monitored by GLC (High vacuum s~ltconc grease; 
He; Iw). After 20 hr trradiatlon. 97% of tk starting matcnal war consumed. GLC analysts indicated 
that the reactton mixture eonslstcd of at least 9 components tsolsrioa by preparative GLC gave the 
following products. A. biacclyl(8% yxld; relative rc(cni1a IIM. 030), B. XXI (20%; 067). C. XX (33 ?i; 
2.8) along with tk starling matcr1al(3 ?ib; 141 O&r componcnu could oo~ be funha invcsliptcd 

The peak A had tk same nbzn~on nmc as an autkorr sampled bucetyl and had characteristic odour 
as well as yellow &our. The peak B &owed JR (oar0 absorpilons ai 1765. 1710 and 1220 cm-’ (en01 
ester). Tk IR spccrrum was suprimposabk with tk aurbmuc sampk of trimcthylviayl aaulte (XXI). 
(Found: C 66V; H. 9-9. Cak. for C.1H,102: C 65.6; K 95%). Tk aurbcntic specimen was prepared 
wording 10 tk method of Man rl ul ” T’k GLC analysis sbowai the produti of this mdcpendmt 
synthesis coosutmg of XXI (707&) and an uomcrk t,Zdimerbyl-2-propcnyl tsaiaie fu)?J. 

The pak C sbowcd IR (ncal) absorprions aI 1703, 1385 and 1357 cm-’ and NMR (CCl,) ngnals at 
6 I.21 f IZH. singlet. methyl) and 203 (6H. smglcf, acetyl merbyl) Tk IR spcclrum was supcnmposabk 
with the one of an authcnuc sampk of XX,‘* b.p. I01 - I I I”:23 mm (III." 108. I15”U mm). 

Phorolysrt 01 2~c~ryf-2-mcthykcyckrhrxcvlorw (XXtIr lrradlalton was carried oui rwrlh a soln of XXII 
(IS-4 g; 0.1 mole) m bcnrenc (160 ml) in a Pyrex Me for 60 hr. Tk phorolysate was subjected io GLC 

scparataon (Apiaon grease L 2 m; He; MO’) and tk followmg products were uolatcd: A. biaatyl (rraa; 
rclabn retention 11me OQlQ B. XXIII (6% y&l based on the consumed XXII. 0 37) and C. XXVI (14% 
yield. 0691 along w~lh rk starting marenal XXII (35% recovery: 100) and some umdenuficd producu. 

Bl;rcc~jl dnd the ketone XXlll were Idenilficd by comparison of rcfcntmn ltme on GLC and IR spectra 
wllh ones of ok aurhcnric samples The unsamak4 ketone XXVI showed IR (neat) absorp~~ons 11 3030. 

” C. W. Yoho and R Lcvmc, J. Am Ckm Sot. 74.5597 (1952). 
” A. W. Johnson. E. Muklum and R. Pna. Or@ Syn 42,75 (lW2). 
” E H. Man. F. C. FroslicL. Jr.. and C R. Haur. J. Am Chum Sot. 74. 3228 (1952). 
” i F Ansell W J Hickmbolromand P. G. Hohoa J. Chcm Sot 349 (1955). to tk p-1 investigation. 

however. bcnxoyl pcroxidc was suberi~uted for acccyl peroil& wbicb was used m tk origmal melhod 
The yrcld oblarned (I 7 “/,, was comprrabk with I& onginal one (I9 ye). 
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2995. 1740, 1705. 1640. Ido5 (broadL 1420. 1360. 990 and 907 cm-’ NMR (CDCl,) spaxrum consisted 

d slgnalr at b I.33 (9:4H. doublet, methyl of kero form). I.84 (3.4H. smgle~. methyl of en01 form). 2.1 I 
(3:4H. smglet, acetyl methyl olenol form). 2 I6 (9,4H sing& aatyl methyl oi kcto form), 2.30.3GO (4H. 
muluplct. methylcncs). 3.69 (3:4H. quarler, metlune of kcto form). 4.95. 5.12 and 568 (2H and 1H. ABX 

type enninal mcthykne) and I650 Il;4H. singlet, enolr protonL The contnbutlon of enol form m CDCl, 
solwon was utlmated to be 25”/;. The independent synthesis I4 also established rhc s~ruc~urc assqgned. 
(Found : C. 70 I ; H. 9-2 talc for CIH ,.O> : C 69.9 ; H. 9.3 Yw) 
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