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AMract-Photooxidation in methanol of 2-tnrthyL. 2,54imcthyl-. dicycMcxano- and rnenthofuran. 
sensitized by Rose Bengal. producesuystallinc2-methoxy-S-hydropcroxy-2.Sdihydrofuran derivatives 
by addition of solvent to intermediate ozonidalike pcroxidu. 

THE dye-sensitized photooxygenation of furans has been the subject of extensive study.’ 
The reaction is thought to proceed by way of a cyclic peroxide (a cyclobutadiene 
monoozonide) formed by l&addition of oxygen, by analogy to the reaction with 
cyclic dienes.& These peroxides are extremely unstable, and have been isolated in 
only a few cases. Diphenylisobenzofuran (I) is reported to yield a crystalline peroxide 
to which structure II was assigned (the furan itself is presumably the sensitizer in this 
reaction).‘e The peroxide explodes over 20”. and decomposes in solution at room 
temperature to give III. Similarly, 2.5diphenyl3,4di(pbromophenyl) furan gives 
an unstable peroxide, which at room temperature rearranges to a mixture of products.u 
A similar peroxide (IV) which explodes at .- 10” can be isolated from oxidation of 
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furan itself at - 100”; the peroxide polymerizes slowly even at -80’, and rearranges 
in methanol above -20” to give pseudoester V as the only isolable product.6*a 

Monomeric ozonide-like peroxides have been isolated only in the few cases 
described above; in most cases non-peroxidic products are formed from the inter- 
mediate peroxides by hydrolysis, rearrangement, or oxidation-reduction processes. 
Dimethylfuran was reported to give only polymeric peroxidic products.” 

Menthofuran (VT) reacts by an unusual course in methanol to give a relatively 
stable, monomeric, crystalline peroxide, which incorporates a mole of solvent and 
presumably arises from solvolysis of the intermediate peroxide VII; structure VIII 
was tentatively assigned to this compound.’ 

I- 1 

91: m 
In order to test the generality of this reaction, and in the hope of finding a compound 

analogous to VIII which would readily yield to structure determination, the photo- 
sensitized oxygenation of some substituted furans was investigated. 

Dimethylfuran (XI) was photooxidized in methanol, using a water-cooled immer- 
sion irradiation apparatus with Rose Bengal as sensitizer. Oxygen uptake was quanti- 
tative and extremely rapid, and a crystalline product (m.p. 75-77”) with properties very 
similar to those of the menthofuran peroxide’ was isolated in 88 % yield. The chemical 
and physical properties of this compound (de&bad below) rule out a structure 
analogous to VIII, and are consistent only with structure XI.B 

Compound XI was found to have the molecular formula C.,H,O,, which corre- 
sponds to the composition dimethylfuran~O,CH,OH. It liberated iodine strongly 
from potassium iodide-acetic acid solutions, in accord with the presence of an O-O 
bond. With Pb(OAc),, gas was evolved, as is characteristic of compounds containing 
the OH-group. O No CO absorption was present in the IR spectrum, but a single 

’ S. H. Schroctcr. R. Appcl, R. B rammer and G. 0. !?cbaxk, fib@ AM. 69.Z.42 (1966); similar 
results for 3-mcthylfuran have raxntly ban reported: J. P. yan da Mcrve and C. F. Garbax, 
J. South African INI. 17, 149 (1964); Chcm. Abs~r. 62.90% (1965). 

@ E. Koch and G. 0. Scknck. Chem. ikr. 99.1984 (1966). 
’ G. 0. Scbuxk and Ch. S. Foote, kgew. C&m. 70,505 (1958). 
’ Tbc same compound is produa-d by oxidation with NaOCCH.0,: C. S. Foote and S. Wcxkr, 

J. Am. C&m. Sot. 86,3879 (1964). 
* R. Crkgcc, H. Pilz and H. Flygare, Chcm. &r. 72, 1799 (1939). 
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band appeared in the OH region at high dilution. The frequency of this peak was 
measured accurately under high resolution and found to be 2848 ~1, which corre- 
sponds to hydroperoxyl rather than OH absorption.lO*” 

The pnitrobenzoate (prepared by the procedure of Brewster and Ciott?) had 
a C=O band (in CHClJ at 564 ~1 (perester), confirming the presence of a hydro- 
peroxyl group in XI .U*l’ The NMR spectrum of Xl had a one-proton singlet at 
0.78 T, assigned to OOH absorption. is In addition, two oletinic protons (two-proton 
singlet at 3.98 7). one OMe group (3proton singlet at 664 T and quantitative Zeisel 
determination), and two C-Me groups (fproton singlets at 8.42 and 8.47 T), were 
present. The compound readily gave the his-2,edinitrophenylhydrazone of frwrs- 
1.2diacetylethylene lW (XIII), identical to that produced from 2,5dimethoxy-2.5 
dimethyldihydrofuran. lbb Compound XI could be reduced with triphenylphosphine 
in ether” to 1,2diacetylethylene (XIII), (the franJ-form was isolated),” or with 
Raney Nickel and hydrogen (2 moles) to 2,5-hexanedione. 

On very mild hydrolysis, XI gave (in 50% yield) a new crystalline compound, 

lo A Pcrkio-ELmer Model 421 grating rpoztrophotomctcr was used for these -(a. Spectra 
were taken of WOSM solutions in Ccl,, using a narrow slit, slow sweep, and expanded scak by 
Musrs. D. Steele and M. Haugh. 

*’ Akohob absorb at 2.760 2 001 p, whereas alkyl hydropcroxides absorb at 2.820 + @Ol /r in 
dilute Ccl, solution: R. F. Goddu, Near infrared Spectroscopy. in Adtwu~s Lt Analytical Chmdsrry 
and ftufrumenrariun (Edited by C. N. Reilly) vol I ; p. 347. Interscience. New York (1960). 

I* J. H. Brewster and C. J. Ciotti. Jr., /. Am. Chum. .5x. 77, 6214 (1955). 
I’ A vay similar pnitropcrbmzoate has C-O absorption at 566 5.68 y: N. A. Milas and A. 

Golubovic. 1. Org. Chcm. n, 4319 (1962). 
I’ W. H. T. Davison, /. Chcm. .!&c. 24% (1951). 
” !kvcral similar hydropcroxida absorb near 0.5 7”; r-butyl hydroperoxide absorbs at la T 
‘- TIis is presumably formed by homerization of the initially formed cLr+ompound; ’ J. Levisallu, 

&II. SM. Cfu?n. Fr. 997 (1957); G. 0. Schenck, Chem. Ber. 77,661 (1944). 
I’ L. Horna and W. Jurgckit, Lie&~ AM. 591, 138 (1955); J. I. G. Cadogan, Qwnf. Rcu. 16,208 

(1962). 
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m.p. 134-136”, whose structure was shown to be XII. The analysis of this compound 
corresponded to C,H,,O,; like XI, the compound freed iodine strongly from potas- 
sium iodide-acetic acid solution. No C:- -3 absorption was present in the IR, but two 
bands were found in the OH region, with frequencies measured to be 2.835 (OOH) 
and 2.750 ~1 (OH).‘O.” The NMR spectrum (in dioxanc) showed the presence of two 
olcfinic protons (Zproton singlet at 4.05 T), OH and OOH groups (bproton singlet at 
4.72 r),le and two C-CH, groups (&proton singlet at 860 7). Compound XII also 
gave the 2,4dinitrophenylhydrazone of /rans-l,2diacetylethylene.1’d 

That the ozonide X is intermediate in the production of XI could be demonstrated 
by carrying out the photooxidation of IX in benzene-petroleum ether at -25“ 
(dinaphthylenethiophene as sensitizer). Treatment of the cold solution with methanol 
produced the methoxyhydroperoxide (XI) in fair yield, while reduction of the crude 
photooxidation mixture with triphenylphosphine” gave rrun.~l,2diacetylethylenc.*~ 
If the solution was left 2 hrs at room temperature, addition of methanol no longer gave 
XI, but only a dimeric peroxide could be isolated. 

In a similar manner, photooxidation of 2-methylfuran (XIV) in methanol gave a 
product with properties consistent with structure XVI. 

The compound was found to have the molecular formula CeH,,OI, and was rather 
unstable, exploding over 100”. and decomposing after a few days at room temperature. 
No C-O or OH absorption was present in the IR, but absorptions characteristic of an 
OOH group appeared at 2.86 and 1 a45 ~1. l1 The compound was reduced with tri- 
phenylphosphine 1’ to @-acetylacrolein (XVII), and with hydrogen on Raney Nickel 
to ,!?-acetylpropionaldehyde. Lead tetra-acetate or sodium carbonate gave trans-/l- 
acetylacrylic acid.‘@ 

The Me0 group in XVI is believed to be on the tertiary position rather than the 
secondary because this would accord with the expected direction of addition of 
methanol to XV, and because of the fact that the pseudoethylester of @acetylacrylic 
acid (which would be formed from the Et analogue of XVI by elimination of water) 
was reported to be the product of photooxidation of XIV in ethanol.” 

As in the case of dimethylfuran, photooxidation of 2-methylfuran in benzene- 
petroleum ether at -30” produced a solution of the unstable ozonide XV, from which 

l@ Exchange of the protoru on the OH and OOH groups appears to bc sutlkicotly rapid that only a 
singk rcsonancc line. at the time-averaged position, appears. 
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the methoxyhydroperoxide XVI could be isolated in 34% yield on addition of two 
equivalents of methanol, and which on addition of triphcnylphosphinel’ gave @- 
acetylacrolein. 

Like dimethylfuran and methylfuran, dicyclohexanofuran (XVIII) gives a meth- 
oxyhydroperoxide (XX) on photooxidation in methanol. The formula C,,H,O, 
was found, and a Zeisel determination indicated one methoxyl group. The infrared 
serum of XX showed a band at 2.85 ~1, corresponding to an OOH-group,ii but no 
C =0 or OH absorption. 

Catalytic hydrogenation of XX produced the hemiacetal XXI, m.p. 81”; at high 
dilution in Ccl,, XXI possesses OH absorption at 2.78 ~1 (an intermolecular H-bonded 
band at 2.86 p disappears on dilution). IL The structure of XXI follows from its 
molecular formula, C13H1008, the presence of a OMe group (indicated by a Zeisel 
determination). and the absence of C=O absorption in the IR. 

Sensl02 
hv 

I l CH30H 

w- Cat H2 - - 

H H3 %Q H H3 

As with the other furans, dicyclohexanofuran could be photooxidized in benzene- 
petroleum ether at -22” to give a solution which on treatment with methanol gave 
XX in 66% yield. If the solution was held at -40” for 12 hr before addition of 
methanol, the yield of XX dropped to 22 %. Attempted isolation of the intermediate 
ozonide XIX by removal of solvent at -30“ under argon from a freshly prepared 
solution gave a partly crystalline residue which decomposed violently on release of the 
vacuum, or on warming to about 0”. 

In the light of the results discussed above, the photooxidation of menthofuran 
(VI)’ was reinvestigated. Photosensitized oxygenation in methanol gave a crystalline 
peroxide whose properties require that it in fact have structure XXII (analogous to the 
methoxyhydroperoxide XI, XVI, and XX) rather than the originally proposed’ 
structure VII. In the IR, XXII had absorption (Ccl,) at 2.845 (OOH),” and 8-10 y 
(C-O), but none in the C=O region. The NMR spectrum (CDCla had bands at 
-064 (lH, OH),” 4.28 (lH, assigned to the acetal proton), 690 (3H, OCH3, and 
8.30 z (3H, allylic Me). No UV absorption over 220 w was observed. The micro- 
analysis was consistent with the formula C,,H,,,O,; a quantitative Zeisel determination 
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indicated the presence of one OMe group. The results of quantitative peroxide and 
active hydrogen determinations were consistent with the presence of one O-O and one 
OH group. The compound decolorixed bromine in carbon tetrachloride and alkaline 
permanganatc solutions instantaneously. 

Treatment of peroxide XXII wth aqueous KOH or methanolic HCl gave the 
Woodward-Eastman pseudoacid1° (XXIII), which also formed when samples of the 
peroxide stood in air for several weeks at room temperature. Pseudoacid is also 
obtained on treatment of XXII with Pb(OAc), in acetic acid. 

Ment hofuran 
-&z- $3_ 

XII 

A 

T I 

H3 k I 

H 

I 

$J 

H3 

Pyrolysis of the peroxide on the injection block of a gas chromatograph smoothly 
produced pseudoester XXIV, m.p. 41.542.5”. The structure of the pseudoester was 
readily established by its spectral and chemical properties, and by synthesis. In the IR, 
the compound absorbs at 5.62 ~1, characteristic of the y-oxygenated a,B_unsaturated 
y-lactone functionality. p*p1 In the UV as well, absorption characteristic of this 
chromophore occurred at &,, = 216 rnp (c = 12,200).n The NMR spectrum clearly 
showed the presence of a OMc group (3 protons at 6.95 r), and an allylic Me (3 protons 
at 8.17 T). The presence of the OMe group was co&mad by a quantitative Zeisel 
determination; microanalysis required the formula GH,Os. The pseudoester 
could be saponified to give the pseudoacid XXIII, from which it was also prepared by 
esterScation with methanolic CHl. 

The smmth formation of pscudoester XXIV from the peroxide XXII on pyrolysis 
provides evidence that the OMe group in the peroxide is in the tertiary position; this 

ID R B. Woodmrd ud R. H. Ea&tun, J. Am. Chem. SM. 72,399 (1950). 
” L V. B&my, The InJFared Sjxcrra of Complex Molecules (2nd Edition) pp. 185-187. Wiky 

New York, (19sa). 
** The infmral spccwum of UK pseudo&d XXIII is nearly idmticol in the carbonyl rcgioz~ 
** A. T. Niebea. 1. Og. C&m. 22,1539 (1957). 
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position would also be consistent with the expected direction of solvolytic opening of 
the peroxide bridge in the heretic intermediate ozonide VII; similar considera- 
tions led to the analogous conclusion in regard to peroxide XVI from methylfuran. 
Analogous pseudoesters have been reported to be the end products of photooxidation 
of other furans in alcoholic solution.U*6*6 

Reductions of XXII led to mixtures of products. Reductions with different 
amounts of NaRH, led to mixtures containing, along with small amounts of uni- 
dentified materials, varying amounts of menthof~an, pseudoester XXIV (from 
pyrolysis of unreacted starting material) and two lactones, XXVI and XXVII. The 
production of menthofuran would require two equivalents of borohydride,” the 
lactones, one equivalent. The lactones XXVI and XXVII (whose structures are 
discussed &low) were principal products of reduction with all reagents, when reaction 
mixtures were examined gas ~~omato~phi~lly, and are formed by thermal elimina- 
tion of methanol from the intermediate XXV. 

k ‘43 
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+ 
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$J 
Catalytic reduction of peroxide XXII with Raney Nickel produced the unstable 

hemiacetal XXV (m.p. 80-83”). The compound had a molecular formula C,,H,,O,, 
as shown by microanalysis and molecular weight determination; a Zeisel determina- 
tion demonstrated the presenoe of a methoxyl group. The IR had OH absorption at 
2.78 $* and 1.41 ~1. but no absorption in the CO region. 

Reduction of peroxide XXII with t~phenylph~p~e in ether” gave a residue 
with an IR spectrum similar to that of XXV. Vacuum distillation of this residue gave 
a mixture containing more than 85 y0 XXVI and less than 15 % XXVII ; pure samples 
of XXVI could be obtained by gas chromatography on short columns. Lactone XXVI 

u H. Minato and T. Nagasaki, C&m. I&. 899 (1969 report a rim&u reactA, 
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is extraordinarily labile, and tends to rearrange to the conjugated isomer XXVII very 
easi.ly.M Solutions of XXVI in CCI, and many other solvents (but not in ether) 
developed IR bands characteristic of XXVII within a few hours at room temperature. 
Solutions of XXVI in ether were far more stabfe, as were neat samples, and both 
could be stored at -20” for several weeks without appreciable rearrangement. 

The assignment of structure to lactone XXVI is based on the following evidence. 
The IR spectrum had strong absorption bands at 5.53 ,u (characteristic of /?,y-unsatu- 
rated y-lactones~t and 1040 p, among others. The NMR spectrum had significant 
peaks at 700 (IH, width at half-height 15 c/s.) and 8.76 7 (3H, doublet, J = 7 c/s), 
assigned to protons u and b respectively. Double irradiation experiments confirmed 
these assignments: irradiation of the band at 7-O T caused the 8.8 T doublet to collapse 
to a sharp singlet, while irradiation of the 8.8 7 bands caused the peak at 7.0 7 to 
sharpen considerably, although residual long-range coupling still broadened the peak 
somewhat. 

The UV spectrum of the purest obtainable sample of XXVI show,ed only weak 
absorption attributable to the presence of small amounts of XXVII. The microanalysis 
was consistent with the formula C,,H,,O,. 

Saponification of lactones XXVI and XXVII produced a mixture of the four 
diastereometic keto acids XXVIII, the structures and reactions of which are described 
in the accompanying paper. lb The three of these four acids which could be prepared in 
pure form were dehydrated with PsOS and with KHSO, to give mixtures of XXVI and 
XXVII.” 

Large amounts of the a&unsaturated y-lactonc XXVII were conveniently prepared 
by borohydridc reduction of aqueous alkaline solutions containing the salt of the 
pseudoacid XXIII; XXVII precipitated directly from the alkaline solution in pure 
form and high yield. Reduction presumably proceeds via the open form XXIX of the 
pseudoacid, which wasshown by Woodward and Eastman to exist in alkaline solutionl* 
The fact that the lactone XXVII precipitates directly from alkaline solution without 
prior acidification is surprising, but analogous behavior has been observed in similar 
cases.” 

‘4 c&lmns 8s 8hort M eight inches had to be mat for tbc cxAkaion of XXVI; on longer columns, 
t 

r 
to XXVII ir cxtauive kaw of the Ioqr retention time3 or hi* tanpcraturc3 

“ C. S. Fcite, hi. ‘I’. Wucsthoff and 1. G. BurstA, Termhrc/ron 23,2601 (1967-J. 
L It hr likdy that most of the XXVII found is produced by _t of initiAlly formed XXVI. 
” Ii. Stobbc, L&&s Ann. 3tl&89 (1899); sac also R. B. Woodward and P. Yates, f. Am. Ckm. 

Sue. lu, 553 (1%3), and Ref. 19. 
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Compounds XXVII was found to have the empirical formula C,,H,,O,, IR 

absorption at 5.67 (s) and 5.88 p (w), and UV absorption at &,, = 217 rnp (E = 
16,WO). The IR and UV spectra are those of an a&unsaturated y-lactone.S= 
The NMR spectrum showed the presence of an allylic Me group, 8.28 T (3H, triplet, 
J = 1 c/s), assigned to protons o; the b proton appears as the quartet of an ABX 
system. (1 H, J = 6 and 11 c/s) centered at 5.4 T. The values of the coupling constant 
for this proton suggest that it is axial. If the remote Me is equatorial, then the configur- 
ation of XVII is as shown below, which is the most stable configuration.“*m 

.-tc h 9 I 
a* 

CH3 

$ 

__ H 

__ H = - 

CH3 

SUMMARY 

The products of pho~oscnGtizcd oxygenation in mUhanoI of all four furan. studied have very 
similar physical and ckmkal prop&u. That all of tbc~~ compounds = muhoxyhydropcroxidca 
(XXX, rather than hydroxymdopcroxidcs as ~0) originally suggatsd’ for the menthofuran product) 
is clearly shown by the spcctml data R&vent IR dac9 are summari& in Tabk I. A strong indica- 
tion that the hydropcroxyl and OMe groups are rrcuu comes from the lack of obserwd intramoka~lar 
hydrogen bonding in the lR in any of tht muhoxyhydropaoxide 

Highly reactive peroxidea. vay probably of the ozonidc SIIUCQKC XXXI. are intermediate in the 
formation of the mcthoxyhydroperoxidu, as is cltuly shown by the revolts of photooxidation in 
aprotic solvenrs at low temperatures. The ozonid~ which arc loo reactive 10 isolate in these cases. 
can be reduced in riru: on addition of methanol they arc wnvatal lo the mcthoxyhydroperoxida 
It is thus the peroxide bridge, rather than the ether bridge which is ckaved. Various decomposition 
routes are open lo both the ozonidcs and the mcthoxyhydropcroxidcs, depending on the conditions 
and the structure of the compound. Tbc following scheme surnmarizu the reaction9 which have been 
shown to occur. 

‘a N. S. Bhacca and D. H. Williams. Applicdom o/NMR Sjwctrvscopy h Ogmic Chmdm-y Chap. 6, 
Holden-Day. San Frax~5~~ (1964). 

ID The apparent isolation of only a singk isomer of both XXVI and XXVII U worthy of note, since 
two diastercomcric fomu are pouible. In the CLPC of XXVII, all routm of prcpnmtion involve 
either isom&zalion of XXVl oc basic wndicions, so that the obscned prodduct may merely be the 
more stable isomer (as models suggest). This point is discus& in more detail in the aaxnnpanying 
paper.” 
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TABLE. 1. INFRARED BANDS IN OH REGION 
~~~~~ ~~ 

Wavekngtb (JA in dil. CC&) 
ofbandassignedto: 

COMPOUND OH OOH 
__.- - --. -_ .-.--- ---- 

- 
7G 

OOH OH 

xl 2.848 

xr 2.750 

246 

2.85 

2.845 

2-768 

2.823 
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R, 
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R2 ol.OH-wA (R1=H) 4 
Dimtizat ion 

at- 
Pc4ym-G uatron 

Reactions l-5 have been observed in this study; reaction 4 arun only if Rr = H.’ Reaction 5 
~tobetbeusurlresultfor~yLtedfurursifthco~ircarrbdoutin~rotic~lvcntsat 
room tcqcraturc.~ R&n 6 is added to account for a frequent course of the reaction in the asc of 
aryktcd furam.“-’ In the CDIC of mauhofuran+ instead of reaction 3, an intnmokcukr dkpropor- 
tionation leads instead to lacfone~ XXVI d XXVII. 

EXPERIMENTAL 

~llmpuarcuncorrcucd. M&analysmwcrabyMkHaathcrKing,UCLA,arxdbyA.Banbardt. 
MlhcimjRuhr. IR spectra wc~t taken on a P&in-Elmer Model 137 infraoord. calibrated with 

polystyra=Blms,~~a B&manIR4,cxcoptasnotcd. NMRqxx%awaetakaronaVarian 
A-60 m (purc&ed with NSF Grant No. G-20207). and arc rdative to internal TMS, 
exocpt as no&d. The CkoLnlpling cxp&mcntwasatrkdoutbyMimIkeG&bardonaVa&rHRdO 
~aplippalwitba!kld-kldKingd&camstnl& byMr.RGilkspk UVspcurawae 
taken on a Gary Model 14 qnxtrophotouxtcr. Gas chromatography was carried out with a Purkin- 
Elmer Modd 154 (thermal couductivity detaztor) or Model 800 (hmc idzation dUa%r) chromate 

graph. 

Phofomuftfzed ox~enadon of dimethyifwan (IX) 

Dimcthylfuran, 390 g (0031 mok). and Rosa Bengal (034 g, in 250 ml MeOH were irradktal 
with a 625 wa!t inandwt lamp (Sylvania Sungun) in a watcrakd immersion apparatus through 
whichO,wasr&rcuktal. Within5mia.686mlO,(~,oEnlmok)waetrrkenup,~whicbtime 
the reaction aascd abruptly. After removal of solvent with a rotary evaporator. tbc crude residue 
was washed with cold ethyl ether. that with pet. ether. The solid rcaidue was sublimed (63”. 0.15 mm) 
to give 360 g (OQ225 mok. 72’4 of Zadwx~S-h+pro~2,5-dtmethyldihpfrojimm (XI), mp. 
75-76” (after rcqstallitation from ether). The compound trsed I, strongly from RI-AcGH. (Found: 
C. 52.4; H. 7.5; OMe. 18.8; Mol. Wt., 177 [osmomcter). C,H,,O, rquiru: C. 52.5; H, 7.5; OMe. 
19.4%; Mol. Wt., 160.) 

The product had an IR band (ccl,. @005M) at 2.848 p (OGH);*OJ* other bands of sign&ance 
appeared at 3.32, 6.93. 7.30. 7.43. 7.83, 8.55, 8.9. 9.18. 954. 9.58, 1047 and 11.32~ (in CHCIJ. 
The NMR spccmrm (CDClJ had peaks at @78, ” 3.98, 664. 8.42 and 8.47 , (all sharp singlets) with 
rclativearcar 1:2:3:3:3. 

The p-nirrobmzuute (m.p. 91-92”) w8~ made by the procsdurc of Brewster and Ciotti.” and had a 
signilkant IR band (CHCIJ at 564 ~1, corresponding to a pcrmter.” 

The 2,4-dinitrophenylhydrazonc a pmpared and had mp. 286”d; the mixture mp. with a sample 
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(mp. 284’d) prepared under the same conditions from 2,5dimethoxy-2,Sdimethyldihydrofuran 
(prepared by the method of Levisalks’s) was 284”d. 

Hydrolysis of tmcfhoxy-5-h~dropcrox)c2S-dinurhy~~y~ofur~ (XI) 

When stirred with 10 ml dist. water, 1.499 g (9.4 mmoks) of the peroxide Xl dissolved in 15 min. 
After 30 min. the soln was saturated with NaCI, filtered, and extracted with 4 10 ml portions of ether. 
The ether extracts were dried and evaporated to yield @683 g (4.7 mmoks, 50%) of crystalline 
2-hy&oxu_S-h~o~rox~Z~~~rky~~~~rofur~ (XII) which, after sublimation (1 IO”. 035 mm) 
and rarystallitation from ether, had m.p. 134-136”. The product freed 1, strongly from KI-AcOH. 
(Found: C, 495; H, 69. C,H,,O, requires: C, 49.3; I-I, 6.9x.) 

The IR v (CC&. @OOSM) had bands at 2.835 (OOH) and 2.750 IL (OH);***ii other signiti- 
cant bands appeared at 7.06, 7.2, 847, 840. 8.80, 9.00. 9.23. 1@42. 10.67. 11.25. 1 I.82 and 12.96 11 
(in Nujol). The NMR spectrum (D,O) had bands at 4.03.540 (HOD), and 8.63 7 (relative to external 
TMS in CDCl,); all were sharp singlets of relative area 2:2:6 rcspaztively.lB In dioxane. the peaks 
were at 445,4.72 (OH and ODH) and 860 T (relative to dioxane at 6.30). all sharp singleta of relative 
area 2 :2 :6. 

The. 2,edinitrophcnylhydraxone had m.p. 284”. not depressed by admixture of the 2,4 dinitro- 
phmylhydrazonc from 2,5dimethoxy-2,5dimcthyldihydrofuran.ig (Found: C. 45.8; H, 3.4; N. 
23.8: C&z. for Ci,Hi,N,O,: C, 45.8; H. 3.4; N. 23.7x.) 

In the IR spectrum. (CC&, @oOSM). t-butyl alcohol and t-butyl hydropcroxide absorb at 2.768 
and 2.823 p, respectively. i’ In the NMR spectrum (CDCl,). t-butyl hydropaoxide absorbs at 1.08 T. 

ReaMion of 2-nur~x~Srox~~~rhyldi (XT) 

(a) With triphcny/p/wsph&w. To a soln of 2.4 g (OQ15 mok) Xl in 50 ml ether were added slowly, 
with cooling, 3.9 g (Ml6 mole) triphenylphosphine in 100 ml ether. After standing 1 hr. the soln 
was concentrated and the residue sublimed (80°. 12 mm) to give 1.58 g (89’& of XIII, mp. 78”. 

(b) Wirh HJRnncy nickel. A soln of 16 g (@l mok) XI in 300 ml McOH was shaken 4.5 hr with 
Raney Ni under 1 atm H,, at which time 4410 ml (@I98 mole) had been taken up. Distillation gave 
log (900/@ acctonylacetone. b.p.,, 91” (reportuP b.p., 88-89’); the bit-pnitrophenylhydrnc 
had mp. 210” (repottaP 21&212”), undcprmed on admixture with authentic material. 

Photosensitized oxygcMtion of 2,5-dimethy&zn in benzene-petroleum etkr 

Asolnof4~8g((M5mole)IXwasimdiatedat -24”in8Omlbenzeneand4Omlpct.ethe.rcon- 
taining 75 mg dinapthyknethiopbene (water excluded). After 1148 ml 0, (103 yd had been taken up 
(55 min) portions of the resulting soln, which had a penetrating tid odor, were sub&ted to the 
following reactions: 

(a) With methcmol. A 40 ml portion was added to 150 ml MeOH and held 2 hr at room temp. 
After removal of the MeOH (12 mm) the r&due was crystal&d from pet. ether at -3O”, giving 
l-2 g (4OyJ of XI. m.p. 76”. 

(b) Wirh tripheylplrosplrlu. A 40 ml aliquot was added to 4.7 g (0917 mok) triphenylphosphine 
in 50 ml pet. ether. After the soln had stood for 2 hr (room tanp), the solvent was removed and the 
residue sublimed at 78-80” (12 mm) to give 1.05 g XIII (56’4. m.p. 78” (repottaP mp. 78”). 

(c) Dimerizurion. The ramining 40 ml of soln were allowed to stand at room temp. After 5 hr. 
the acrid odor had disappeared, and no reaction could be detected on addition of triphcnylphosphine. 
After concentration and treatment of the residue with e&r-pet. ether, @6 g of &ner, needles (mp. 
154’) was obtained. (Found: C, 567; Ii, 6.3; Mol. Wt., 240 [cryoscopic, benzene]. C,,H,,O, 
requires: C, 56.2; H, 6.3%; Mol. Wt., 256.) The compound sublimed at 120”. and exploded vio- 
kntly if heated in a capillary. It gave peroxide tats, and the IR spectrum had C&C absorption at 
6.15 p, but no bands for OH or G-O. 

Photosenrltized oxlgrMtion of 2-methy@ran (XIV) in me~hatwl 

A soln of 8.2 g (&I mole) of 2-methylfuran was dissolved in 150 ml MeOH containing 100 mg 
Rose Bengal. The soln was irradiated, and took up 2310 ml 0, (103 ‘4 in 58 min. After removal of the 
solvent in vacuum, the residue was dissolved in 150 ml ether and rapidly faltered through 5 g alumina 

co D. M. Young and C. F. Ii. Allen. Og. Jyn. 16.26 (1936). 
*I K. Auwers and M. Hesscnland. Ber. Drsch. Chem. Ges. 41, 1826 (1908). 
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tonmovctbudye. Thefiltratcwascoaceatratcdto2Oml,and1OOmlofpctr.uhcraddal. Aftcz 
standing at -40”. the soln deposited 11.6 g (80°& of 2-mcrlby-S+fqurox+ne~&#1#+ran 
(XVI), colorless qstals, mp. 80”. OFound: C, 49.2; Y 67; McO, #E4; Mel Wt, 135 [cqoacopic. 
baua~~]. c&,0, rap&a: C, 49-3; H, 6.9; MeO, 21.2%; Mol. Wt., 146.) Tbe compound 
decompoaui over loo”, or after several days at room temp. The IR q&nun had bands at 2.82 and 
144~(OOH); nobandswcrcprcuntinthcCOorOHregion. 

Phofoscfuihed OX)geMbON of 2-m~hylfurmr (XIV) in &fucne- prdtum crher 

2-Methylfuran (8.2 g, 0.1 mole) was dissolved with SO mg dinapthyknethiopbene in 50 mJ bcn- 
zcne and 100 ml par. ether. Upon irradiation at - 30”. with water carefully excluded, the soln absorb- 
ed 2380 ml 0. (lOa*& in 162 min. The resulting acrid-smelling soln was added immediately to a soln 
of 27 g (@lo5 mok) triphcnylphosphinc in 300 ml pctr. ether, coolad to -20”. The soln grew warm, 
and triphenylphosphii oxide was precipitated. After filtration, the soln was distilkd. to yield 3.4 g 
(35YJ XVII, b.p.,, 71-73’ (nported~ b.p.,, 680). (Found: C, 60+9; H, 6-l. Cak. for C&O,: C. 
61.2; H, 6.2x.) The IR spectrum had strong bands (G-C and C=O) at 5.65, 5.89, 6.10 and 6.21 
p; the aldchyde C-H band appeared at 3.63 p. A soln of ozonidc similarly prepared from 4.1 g (005 
mole) 2-~~ylf~ in 60 ml benzene and 60 ml pet. ether at -~~add~to~~M~~~d 
the resulting soln allowed to stand for 3 hr at room temp. The McOH was evaporated, and the 
viscous residue treated with ether-pet. ether (1:2) and cooled to -40”. to yield 2.5 g (35%) of XVI. 
mp. and mixture mp. with material prepared by oxidation in MeOH, 79-80”. 

Reacfbru of hydroproxide (XVII from 2-mrrhy&ran 

(a) Wifh wfphenyfphosphti. To a soln of 11.68 g (DOS mole) XVI in 100 ml ether at 00 was added 
a soln of 21 g (0+81 mole) ~p~ylph~ph~ in 150 ml pet. ether. After 2 hr. the precipitated 
phosphim oxide was Bltaod, and the colorlas residue distilled twice to give4.2 g (54OAof XVI& b.p.** 
72”. with IR qectrum identical to that rrportcd above. 

(b) W&k HJRuney nickel. A soln of 7-2 g (@OS mole) XVl in 100 ml McOH was shaken with 
RancyNiatlatmundaH,,withgoodoooling. AnaSOmin,thtsolnMtakenup1910ml(~S 
mole) H,; the soln WIU filtered and distillal to give 2.5 g (51’4 kvuli&lchydc, b.p., 72” (reported* 
b.p.,, 70-72”). charaaaized as I-mcthylpy~&&c, m.p. 193-194” (report& mp. IWO). 

(c) Wtfh pb(OAc),. To a soln of 2.92 g (OG2 molt) XVI in SO ml HOAc were added in portions 
8 g (OQ21 mok) Pb(OAc), with cooling. When the violent rauztion had subs&d, Ptr’+ was prccipi- 
tatul (PbSOJ. the soln N&red. concentrated. (in WEUO) diluted with H.0. and ~trected several times 
with ether to y-kid, after evaporation of the ether. 1.6 g (70’n rrun.r-#?-tiylacrylk acid, m.p. la”, 
nccdlu from pet. ether; (reported’ m.p. 1240). 

(d) WIlh ufkali. A soln of 146 g (Osz mok) XVI in SO ml dioxan and 10 ml water, containing 
3gNa,CO,washeatcdonthcstcambathforl hruntilitgaveancgativcpaoxidetest. Thesolnw~s 
ddifkd, the solvent was removed, and the r&due taken up in ether to ykld 09 g (So%3 rranr_B- 
aatykcrylic acid, m.p. and mixture rx~p. with mat&al prepared above. 124”. 

l,l-Dicyclohcxcnyl (mp. 2526% prepared recording to the procedure of Grubcr and Adams,Y 
162g (@lo m&) was photooxidid in 100 ml MCOH and 5Oml isopropyl alcohol with 1OOmg 
RoseBengaL nKxtfntookup2990ml0,(013mok)int24min. Comtrationgavcavhooua 
residue (22.13. This residue was dissolved in 10 ml C&H, and slurrkd with 40 g A&O, (activity 3, 
neutral) and added to the top of a column of 500 g Al.0, (activity 2, mutral), prepared with pet. ether. 
Elution with pet. ether gave a fraction which on removal of the solvent gave 9-8 g (51 l A of 3.4.5.6 
dicye&~mo-l,2-dbxmc-4, colorkss aystals (mp. 54” from EtOH. b.p,.,, 72-73O, c 1.5218 for 
a supacookd melt). (Found: C, 73.8; H. 9.1; Mol. Wt., 189 [uyodcopi~, bauart]. c,,H,,o, 
requires: C, 74-2; H, 9.3 ‘/,; Mol. Wt., 184.) The compound reacted with triphcnylphosphine only 
abose 120”. and could be heated nearly to boiling in a qillary before decomposition m. 

m N. Clauson-Kaao and F. Limborg, Acfu C&m. SC&. 1,619 (1947). 
m L. Wolff, &i&s Ann. 24& 245 (1891). 
u E’. E. Grubcr and R Adams, J. Am. C&m. .%c. ST, 2555 (1935). 
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The compound was rcc~wfdd unchanged after being hated with dil. HCl. In the lR., no absorption 
waaprcuntincitlurthcCOorOHrcgion. 

A soln of 5.8 g of the peroxide in 50 ml J&OH containing 5 ml loo/, NaOH was allowed to rtand 
at 2.5” (ice cooling rcquircd) for 1 hr. at which time no further peroxide test was obscrv&. The soln 
waspartitionsdkhwetn~O~pet.cthtrand100ml~O,thepa.cthtrtayawruwashed3timcswith 
water. and the solvcn~ evaporated to give 4.7 g (81”%) of crystalline Z-h~foxu_Z5-%3,4,5- 
dicyclohemnofkrm (mp. 72-78’). with an IR. band (thin Slm) at 3.1 p, but no C-0 absorption. 
After 1 hr. the IR sample developed bands at 602 and 6.25 p (furan). 

The unstable ketal(3.9 g. QO2 mok) was dissolved in 50 ml pet. ether, and the soln passed through 
a column of 30 g Al.0, (activiry 2, neutral), followed by 200 ml pet. e&r, The pet. ether was removed 
to give 3.3 g (94’4 of 2,3,4,5~~~~o~%~~r~ (XVIII), b.p.,, 139140”. m.p. 16” (from EtOH). 
$,* l-5220. (Found: C, 81.3; H, 9.10. C,,H,,O requires: C, 81.6; H, 9.1x.) The compound 
gives a deep blue color with chloranil. and fluorcsoes brightly in UV light (Lx 435 ~JL). In the 1R. 
the compound has, among others, bands at 6.02 and 6.25 p. With makic anhydride in bcnzenc, it 
forms an udduct, m.p. 168”. (Found: C, 7@1; H, 6.8. C,,H& requires: C, 7@0; H, 6.6x.) 

Photosensiti~d oxjpmtion of dicycIokxmofmn (XVIII) in m&ml 

A soln of 1.76 g (001 rnok) XVIII in 50 ml McOH with 50 mg Rose Bengal took up 228 ml 
(@Oi mok) 0, within 5 min. Tbc MeOH was removed in UQEUQ, the r&due dissolved in 30 ml warm 
pet. ether, filtered, and cooled to -30”. wkcupon colorless crystals of 2-mthoxy-5-hydroproxy-2,5- 
dihydro-f3,4,5_dicyclohcxMo/urM (xx) (2.2 g, 92yJ precipitated, mp. 101”. (Found: C. 64.7; 
H, 8.4; McO, 128; Mol. Wt. 244 [cryoscopic, bcnunc]. C,Ji,,OI requires: C, 65.0; H, 8.4; McO, 
12.9%; Mol. Wt., 240.) The peroxide is quite solubk in most common organic solvents, with the 
exception of pet. ether, and gives a blue c&oration with dichromataH$O,-cthcr, consistent with its 
formulation as a a-hydropcroxy ether. In the IR, the absorptiom at 2.86 and 1.45~ (CClJ are 
characteristic for the OOH group;” no bands were present in the OH or C- 0 region. 

Reduction of peroxide XX 

Asolrrof1~2g(5mmoks)XXin50mlMeOHwas~enwithRdneyNiundaIPtm,~. 
After 18 min. 121 ml (5-S mmoks) H, were taken up. Filtration followed by evaporation of the 
solvent gave I.08 g (%“A of 2~~~~rntiraxy-~~~%3,4,~~eycio~~f~ (XXI) as 
colorless cryst& m.p. 81” from pet. et&r. (Found: C, 69.3; H, 8.7; McO, 13.9; Mol. Wt., 228 
[cryoscopic. benzene]. C,&O~ rcquircs: C, 69.6; H, 9.0; McO, 13.8 %; Mol. Wt.. 224,) The cam 
pound dccolorizes bromine in CHCl, and me in aatone, and is dcoomposed by acids to a 
brownish resin. The IR spcctmm has bands at 2.78 and 2.86 p; the lattu band disappear on dilution. 

PhotosemXzed oxpmztion of dkyclohemtwf~an(XVLII) In benzene-petrolem ether 

A soln of 3.52 g (002 mok) XVIII in 30 ml bcnxenc and 90 ml pet. ether with 50 mg d~ph~y~ 
thiophene took up 458 ml 0, (OG! mole) at -22”. with water auefully excluded. to give soln A. 
The solvent was rwnovcd at -x)” and 12 mm (under argon) from 60 ml of (his soln. The partly 
crystalhne residue decomposed viokntly upon rckasc of the vacuum or on warming to about 0”. 

On treatment of 30 ml of the cold soln A (containing 5 mmoka of peroxide) with 50 ml of McOH 
(co&d to -20”). the temp rose to about -5”. After about 2 hr at room temp. the solvent was 
removed to give 0.8 g (66O%) of ~~oxyhydr~o~dc, mp. and mixture mp. with XX, 101”. Repcti- 
tioo of the experiment with a soln which had been kept at -40’ for 12 hr gave only 22% of peroxide 
XX along with peroxidic resins. 

Photoseluitized ox~emtion of mtnthofuran 09 

Mcnthofuran, 19.6 g, (0097 mok) was disoolvcd in 250 ml McOH containing oa. 100 mg Rose 
Bengal, The soln was irradiated with a 625 watt incandescent lamp (Sylvania Sungun) in a watercooled 
immersion irradiation apparatus through which 0, WBS rckculated. After 10 min. 214Oml 0, 
(STP, 0096 mole) bad been taken up, and the reaction ceased abruptly. The McOH was evaporated 
in a rotary evaporator. and rhc residue taken up in ether, The ether was washed with water, treated 
with activated charcoal, dried, and evaporated. Ligroin was added to the residue, and the soln 
rlfowcd to stand overnight at -20’. during which time slow crystallization occurred. The product 
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was washed with a little cold pcntanc and dried to yield 11.1 g (a052 tnok, 53 “%) of colorkas crystals 
of ~-mcrhoxy_9_h~o~rox~3,~~~o~nr~f~~ (XXLI), m.p. 73-76”. A purifkd mrnpk ((ag - 
17.8”. c = 33.9) melted at 77-78”. Br, (in CClJ and bask pcrmangamtte solrn were instantly d-l- 
or&d. The IR spectrum (Ccl,. O.OlM) had OH absorption at 2.845 y;iD*il in CHCI, the spectrum 
had principal bands at 2.9,690, 750,8~55.8~82,940.9~80.1@38,1@52 and 1 I.78 JJ. In the UV, the 
compound had only end absorption at 220 mp. The NMR spavum (CDCIJ had bands at -@64 
(IH).i* 4.28 (IH), 690 (3H). and 8.30 t (3H). all singlets; in addition, unrcsolvcd multipkts in the 
region 7-S-8.5 T, and two doublets (2H and 3H) at 8.8Sl8.98 and 9G8/9.18 T were present. (Found: 
C. 61.9; I-I, 8.5; OMe, 14.0; Mol. Wt., 217 [cryoscopic, bcnzcnc]. CIIHI,OI requires: C, 61.7; 
11 8.5; OMe, 14.5%; Mol. Wt., 214.) 

The active 0, titration of the peroxide was carried out according to the procedure of Siggia.- 
To a soln of 216.6 tng of the peroxide (1GOl mmoks) in 50 ml EtOH were added 1 ml of glacial 
AcOH and 1 ml sat. KIaq; the soln was held at 75” for 5 min. then titrated to a starch end-point; 
18.67 ml of Q 1OON thiosulfate soln were rcquircd, corresponding to 093 active OJmole. 

The active H was determined by a modified Zcrcvitinoff procedure, using LAH :” 53.8 mg of the 
peroxide evolved Il.13 ml H. which corresponds to 1.98 active HJmole; one active H is produced 
by the O-O bond (which is reduced to OH). 

Rearraqement of menrhofuran peroxti (XXII) IO pseudwcid (XXIII) 

(a) U&r &sic conditions. Peroxide =II, @SO g (23 mm&s) was suspended in Xl0 ml H,O to 
whii 5 drops of 10% NaOHaq were added. After 2 hr at room temp, all but about SO mg of material 
had dissolved. The soht was filtered. and the cnlorkas filtrate acidified with 10% HCL The partially 
crystalline greenish ppt was dissolved in hot benzene, filtered with active c&coal, and allowed to 
aystallizc. After 2 further rccrystallizations. @13 g (072 mmola, 31 Y’J of colorless crystab were 
obtained, mp. 188-188.5”; the mixture m.p. witbKXIII(reportcdtDm.p. 188-189”)was 187*S-188@. 

(b) U&r ucldlc wt&ions. A small amount of XXII was dissolved in McOH to which 5% HCI 
soln was added until the soln baamc cloudy. The mixture was reSuxed for 2 hr, cookd. diluted with 
water, and extracted with ether. The ether soln was dried. the ether evaporated, and the residue 
;cc~ta&cd twice from benzene to give colorkss plates, mp. 187-188”. mixture m.p. with XXIII, 

(c) On lorip srandlng. A small amount of XXII was allowed to stand at room tanp; after 3 days, 
the crystals had bccomc a colorless, viscous oil, which solidifkd after 4 we&s. The mixture, which 
now gave only a weak peroxide teat with KI/AcOH was rcaystallizcd from bcnzne to give colorkas 
plates, m.p. and mixture mp. with KXIIl. 188-189’. 

Pyrolysic of menthofwan photoperoxide (XXII) 

A sampk of the peroxide was dissolved in benxmc and injected into the gas chromatograph 
(column, 200”. injection block 2SV). A singk product. of tbc same retention time as XXIV, was 
formed. This product was colladcd from the gas chromatograph, and had an IR spectrum (CCIJ 
identical to that of pure pseuobester (XXIV), whau dLaracvriration is dcacribcd below. 

Formation of pseudaester (XXIV) from pseydwcid (XXIIT) 

Pseudoacid KXIII. 100 mg (@SS mmok) was rcfluxcd 4 hr in 10 ml McQH containing @S ml cone 
HCl. Most of the McOH was evaporated. the residue was taken up in ether, and the soln was wasbed 
3 times with water and dried. The ether was evaporated, and tbc residue ruaystallizcd from pcntane 
at -20” to yield 35 mg ofcolorkss ncda of XXIV (018 mm&a, 33’/@. mp. 41%42T’. (Found: 
C, 67.4; Ii, 8.3; OMe. 16.3. CiiHt.0, requires: C, 67.3; H 8.2; OMe. lS.S”&. The IR tpstrum 
(CClJ had characteristic bands at 5.62, S-85 w and 1@4 p. The NMR spectrum (CCIJ bad distin- 
guishable peaks at 6.95 (3H), 8.17 (3H) and 9X)/9+1 T (3H). Tbc UV spa%rum (MeOH) had &x - 
216 m/l (8 - lZ200). 

SqJonificotion of pseuabester (xxrv) 

A soln of 5.0 g (0.026 mole) pseudnuta in 5 ml McOH and 10 ml water was rcfluxcd with 1.0 g 
(@OU mole) NaOH for 1 hr. The soln was cooled and acidifkd with 6N HCL Tbc ppt was rarys- 

n S. Siggia, Quanrlratine Organic Analysis oh Fwctiod Groups (3rd Edition) Wiky, New York 
(1963). 
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tall&d from MeOH/water to give 4.5 g (092.5 mole. 97’A of XXIII. plates, m.p. 18Ip. The IR 
spstrum wps identical with that of a sample of pseudoacid prepared from mentbofuran,” 4 had 
cbarraaistic IR bnnd~ 11 2.70, 2.90. 5.68, 5.85 w. 9.95 and 10.37 p. The NMR qectrum (CD&) 
had, among others, brnds at 8.12 (3H) and &90/9.00 T (3H). The UV spectrum (MeOH) had llmu = 
215 rnp (c = 11.400). 

Hydrogenation of mcn&$uan pcroxidr (XXII) with Ramey nickel 

Peroxide XXII (4.28 g, 002 mole) was shaken under 1 abn H, in 100 ml MeOH in the presarr 
of Raney Ni. The soln grew warm, and H, uptake was initially rapid, but ceasal after the uptake of 
280 ml H, (@013 mole). Other attempts at hydrogenation kd to uptake of between 40 and 70% of the 
theoretical amount. After BItration and removal of the solvent In WEYO, tlu residue WIU taken up in 
30 ml pet. ether. and cookd to -4O”, to give 1.9 g (48 “A of trans-3--nwr~xy-9-/1y&oxy-3,9+j&o- 
menrhof~an (XXV). mp. 80-83”. (Found: C. 66.4; H. 9.0; MeO. 14.6; Mol. Wt., 178 [cryoscopic. 
benzene]. CIIHI,O, requires: C, 68.6; H. 9.2; McO, 15.6%: Mol. Wt., 198.2.) The compound 
decomposed after one day at room temp to give a viscous mass from which XXIII crystallized after a 
further 14 days. In the IR. the compound had OH absorption at 2.78 and 1.41 II. 

Reduc~bn of menthofiian peroxide wi:h sodium borohydride 

Three reductions of XXI1 were carried out with different amounts of NaBH, in MeOH. 
The soln~ were stirred for ) hr, then diluted with water and extracted with ether; the ether solm were 
washed twioe with water, dried, and evaporated; the residue was analyzed by gas chromatography. 
The products were colleaed and identilied by comparison of their IR spectra and retention times with 
those of authentic samples. The result3 are summar&d in Tabk 2. 

There 2. h0~uCI-3 OF REDL’CIION OF -FuJlAh’ PIlOToPEROxIDe (XXII) 

R-gents Amounts 
_, _. __.-. _--_ __,_ ._ . _, - - -__-. -- -. - 

g 130 1M) 0.50 
XXII 

lMlOlCS 4.67 4.67 2.33 
_-_. ..- -- ..-.- .- -._. --.. ..- .- - _ --. - 

g 0.075 0.125 I.00 
NaBH, 

mb9. 7.93 13.3 106 

ROdUCtS Perant in reaction Mixture 
_-- .--__ ..--- -- - -- --- .- ._- 

VI 8 30 60 
XXVI 20 35 30 
XXVII 10 IO 5 
XXIV 40 IO 0 

Unidcntiified 20 15 5 

Reduction of mmthofmzn prroxidc with rripknylphosphine 

A soln of 2.0 g (9.4 mmola) of XXII in 20 ml ether was addul dropwise IO a r&sing soln of 
triphenylphospbincl’ in 30 ml ether during 1.5 hr. The soln was refluxed 1 hr. chilkd to --SO. and 
tilteral IO nmove the triphenylphosphinc oxide. The ether was removed with a rotary evaporator, and 
the residue (which had strong IR bands (CCL) at 2.85. 6.8% 8.55, 8.9. 9.3, 1@3. 11.7. 13.4, 13.8 and 
14.4 /1, but only trsu of absorption in the 55-60 ~1 region) distilkd in a modified Hickman still at 
@2 mm (oil bath lOS-120”); the IR -rum showed the distillate to consist of about 85% of the 
&y-wuururaraf y-loc~one (XXVI) and 15% of the a&twturated y-lactone (XXVII). Lectone XXVI 
was separated from the mixture, after many triah. in nearly pure form by gas chromatography on an 
8’ x )’ column of 10% Silicone oil DC220 on Diatoport S at 99” using high gas flow rate. (Found: 
C. 72.1; H, 8.5. C,,H,,O, requires: C, 72.3; H, 8.5x.) The IR spectrum of lactonc XXVI had 
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sign&ant bands at SS3(s), 5.82(w), 7.85, 8.28, 9.22, l@O(s). ll.OS(w), and 11.4s (w) p. The NMR 
spectrum had bands at 7qlH). 8G(4H) and 8.3 ~(2li), all broad and unruolvcd. and sharp doublets 
(3H each) at 8.7018.82 and 8.8819.W +. Tbc UV spectrum bad only weak absorption below 230 rnlc, 
probably caused by the prcscna of small amounts of a&unsaturated hctonc XXVII. 
Rearraqemenfs of j3.y-uwaturated loctone (XXVI IO a-B_unwurated ktone (?CXVTl) 

The unconjugatcd lactonc XXVI rearranged to the conjugated lactonc XXVII unda the following 
conditions. 

(a) Dirrilla:ion on a spinnitq-bond column. Crude lactone XXVI, 24 g (@145 mok, prepared by 
high-vacuum distillation of tbc reduction mixture of menthofuran peroxide with triphcnylpbosphioe) 
was distilled on a spinning band column to give 9.9 g (@OS95 mole, 41 ‘A of nearly pure XXVII, b.p.,, 
157”. n: _ 1.4982, [a$,’ L -37.6”. d& - 1658. mp. - - 1’. 

(b) In thcgar chromutogroph. A sampk of XXVI which had been colkcted from the gas chroma- 
tograph (as described above), and which was shown by its IR spectrum to contain almost no XXVII 
was reinjccted (injection block 173”. column 120”) onto a 3’ column of 20% DC-220 Silicone oil 
(rctcntion time 23 min). A substantial peak corresponding to the retention time of XXVII was found: 
in addition, the peak which corresponded IO XXVI was very broad, and when rccolhxtcd had an IR 
spoztrum which corrupondcd to a mixture of XXVI and XXVII, with XXVII predominating. As it 
was y to keep both retention time and column tcmp low in order to collect pure XXVI, very 
short columns wae used for this purpose. It was also found that XXVI in Ccl, or many otha solvents 
rcarmngcd to XXVII. 

Prrpuation of a.P_unmrurarcd y-lnc~otu (XXVII) from pscuubacid 

To a soln of 6.5 g (@OM mole) XXIII and 1.7 g (042 mole) NaOH in 70 ml H.0 was added 0.75 g 
(@079) of NaBI&. The reaction mixture was lcn for 1 hr, then extracted with ether. To the aqueous 
solo was added @34 g (OG36) additional borohydridc; the reaction mixture was kft in the mfrigerator 
ovcmight, tbm extracted with ether. The combined ether extracts wcrc dried and evaporated to 
yield SO g (@03O mole, 84%) of XXVII which solidified at about 5”. and was csscntially pure as shown 
by WC. The IR spectrum had bands (ccl,) at 567(s), 592(w), 9.10, 9.31 and 9.65 cc. -I-he Uv 
spectrum (McOH) had A,, - 217 q (c = 1WW. The NMR spectrum (Ccl,) had an AXY 
quartet (lH, J y 6 and 11 C/S) antatd at 54 I; a tripkt (3H, J _ 1 c/s) at 8.28 t and a doublet 
(3H. J ~1 6c/s) at 93s r. (Found: C. 72.5; H. 8.3. CIOHI,O, requires: C, 72.3; H, 8S%.) 


