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STRUCWRAL studies on the scsquitcrpeooid alcohols, a-kcssyl alcohol, &,H,O,, and 
kcssyl glycol, CiIHIOI, from several kinds of Japanese valeriarQ were initiated by 
Asahina and his school and continued by Kaneoka and Ukita. Their work has dcmon- 
strated that (i) both alcohols possess the guaianc carbon skeleton with an additional 
oxide ring, (ii) both alcohols have a hydroxyl located at C-2 of guaianc. and (iii) 
an additional hydroxyl group is UI C-8 in kessyl glycol.* Structures IIa and Ia were 
accordingly proposed m 1944 and 1945 for kessyl glycol’ and a-kessyl alcohol 
respectively, although structure IlP for the former had been proposed earlier. 10 1950 
Trcibs independently advanced Ib’ as the structure of the latter. In 1956, however, 

a cmeful reconsideration of the evidence provided, led de Mayo to propose structures 
Ic and IIc for these alcohols.’ With the intention of establishing the constitution 
and the stereochemistry of these alcohols, the present authors undertook a reinvesti- 
gation of these substances culminating in the proposal of the structures I and II.? 

l Th.b pqw foms Put VU in cht Medcal school scria on ScsquiIcrpenoids. Pan Vl. H. Hlkmo 
K. Mcguro. 0. Kuuno rad T. Takanoto. Y&g&u ZOJJAJ m pnu. 

7 A part of ~Jus work has been ouuincd in a preliminary communiatioo: Twaht&on hrrrrs 
N:o 26. 1787 (1%)) rnd &o prwcntul II the tUPAC tntemrfionrl Symposium on the chemistry of 
Natural Produas. Kyoto (1964). 

I l H. HIkmo. Y. HJkmo. H. Kate. Y. Take&u and T. Takuno~o. Yahr(fuhu Zcush 83.219 (1%)); 
* H. Hlkino. Y. Hlkmo. Y. Take&& Y. kuNgl and T. Takcrnoto. Ibid. 8.3. S5J (1%)). 

g For Ihc htstotical and gncnl upecu of Ihe rcearch. = 1. Srnonscn and P. de Mayo. 7Xr Trpnr~ 
Vol. V; pp. J64 and S68. Cambridge Umv. Press. London (1957). 

’ T. UklIa. Ya&~+u &?.A/ 64,285 (1944). 
’ T. Ukiu. Yo~~u~Y Zcushs, 66,458 (1945). 
’ K. Kancoka. Y&@Y Zasshi 61. 123 (1941). 
* W. Tmik. Lftbi(s Ann. 570. 16s (1950). 
’ P. de Mayo. Ptrfiwry and Ljsrnr. 011 Rrcord 0. I8 (1957). 
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Structure of u-kessyl alcohol (I) and kessyl g&o1 (II) 

The NMR spectra of I and II disclosed the presence of four methyl groups, only 
one of which is attached to a tertiary carbon (doublet at O-77 ppm; J = 6.0 c/s) 
for I and at 0+84 ppm (J = 6.1 c/s) for II, the other three methyl groups being attached 
to quaternary carbons (singlets at 1.19 (3H), 1.22 (3H), 1.29 ppm (3H) for I and at 
1.16 (3H), and 1.33 ppm (6H) for II). This observation, when coupled with the results 
of chemical degradations ,2 demonstrates the correctness of structure Ic for kessyl 
alcohol and IIc for kessyl glycol. 

Stereochemistry at C-2. aXessy1 alcohol (I) gave on chromic acid oxidation the 
known cc-kessyl ketone (III),8 which has its carbonyl group in a five-membered 
ring (@ 1735 cm-l). On LAH reduction, III afforded the isomeric alcohol,2-epi-a- 
kessyl alcohol (IV) which is epimeric with I only at the 2-position, since the same 
ketone (III) was obtained on oxidation. Compound III, however, gave another 
isomeric alcohol, isokessyl alcohol (V) when reduced with sodium in ethanol.s This 
alcohol (V) has also been obtained by a similar reduction of isokessyl ketone (VI),s 
a base-catalysed isomerization product of a-kessyl ketone. The course of isomeriza- 
tion from III to VI can only be explained by an epimerization at the a position of the 
carbonyl, since the reaction takes place even during alumina ~hromato~aphy. The 
ketone VI gave a fourth isomer, 2-epi-isokessyl alcohol (VII), on LAH reduction. 
Since both V and VII can be oxidized by chromic acid to VI, they can only differ in 

their coloration at C-2. With all ~astereois~me~s at C-l and C-2 at hand, the 
absolute configuration of the hydroxyl group in a-kessyl alcohol was determined by 
applying the “benzoate ruIe’“.l” Thus benzoates were prepared both from I and 
IV and their A[&& values (= [&flu benzoaee - [Ml, ~,~.lbohol) were compared. In the 
a-kessyl alcohol series, the A[M], value was -192”, whereas in the 2-epi-a-kessyl 
alcohol series the value was 3-298”. From these values, C-2 was concluded to have 
an R-configuration (2@-OH) in I and an S-configuration (2cc-OH) in IV: 

Stereochemistry at C-l. In view of the mild conditions employed for-the conversion 
of a-kessyl ketone (III) to isokessyl ketone (VI), the only likely change for isomeriza- 
tion is the epimerization at the a-position of the carbonyl group in the five-membered 
ring. The ORD curves shown in Fig. 1 disclosed that the change from III to VI is 
associated with an inversion of the Cotton effect from positive to negative. From an 

8 Y. Asahina and G. Hongo, Yakugaku Zasshi 44,227 (1924). 
l Y. Asahina and S. Nakanishi, Yukztpku Zumfti 46,828 (1926). 

a0 .i. EI. Brewster, Tetrahedron 13, 106m(1961). 
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FIG. 1. 
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ORD curves of cr-kessyl ketone (III) and isokessyl ketone on). 

examination of scale modeis, such a change in Cotton effect can only be explained 
when the epimerization of the C-l hydrogen is from a orientation to j?, regardless 
of the orientation of the hydrogen at C-5. Thus the epimerization is schematically 
presented by the change from A to B or from C to D.* 

A B c D 

Confnmatory chemical evidence for the relative co~gurations at C-l and C-2 
was obtained by the following sequence of reactions: 2-Acetoxykessan-&one (VIII)U, 
obtained by the chromic acid oxidation of kessyl glycol 2-acetate (IX), was further 
oxidized by permanganate to the acetoxydicarboxylic acid (X), which, on being 
heated in acetic acid, underwent cleavage of the oxide bridge and simultaneous 
de~boxylation to give the ~sat~ated a~toxy-hydroxy-monoc~boxylic acid (XQr2 
The structure of XI is supported by its NMR spectrum which shows the presence of 
a secondary methyl, a tertiary methyl, an acetoxyl and an isopropylidene group and 
by the IR spectrum of its methyl ester which discloses the presence of a hydroxy 

* A similar situation has been found in the steroid and triterpenoid series; the ORD data reported 
by Djerassi (Tefruhedron 13, 13 (1961)) and Klyne (Ibid. 13,29 (1961)) for the following three pairs 
of the compounds are in agreement with our assumption. 

0 : -123 a : -110 0 : -199 

R = Co2!de 

Corresponding changes in the CD curves have been reported by W. 0. Godtfredsen, W. von Daehne, 
S. Vangedal, A. Marquet, D. Arigoni and A.,Melera, Ibid. 21, 3505 (1965). 

*I EC. Kaneoka and U. Tutida, Yukug~ku,Z~s~j 61,6 (1941). 
la K. Kaneoka and S. Kurosaki have obtained this acid in different ways. Y&r@~Zarshi(il, 9 (1941). 
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group. The monocarboxylic acid (Xl) was submitted to alkaline hydrolysis to afford 

II XI XII 

directly the hydroxy-y-lactonc (XII). the NMR of which still exhibits the prescncc of 

an isopropylidcne group. Since the ring junction in the y-lactone must bc ci.r,” the 

relative stereochemistry of the hydroxyl at C-2 and the hydrogen at C-l in XII and 
thence in I is rruns, which is in accord with the conclusions described earlier. 

Sfercochemisrr~ 41 C-4. Relative configuration of the hydroxyl at C-2 and the 

methyl group at C-4 must bc cis in r-kessyl alcohol (I) and mm.s in 2-+-z-kcssyl 

alcohol (IV) or rice rersu. In an NMR study” of 15-hydroxypregnancs containing 

methyl and hydroxyl groups in quasi-l.3-diaxial relationship, it has been shown that 

(i) the l8-methyl proton signal shows a noticeable down-field shift (0.23 ppm). 

whereas in the corresponding WIZS isomer only a small down-field shift (0.03 ppm) is 

seen compared to the unsubstituted compound, and (it) this down-field shift dccreascs 

in going from the alcohol to its acetate if the hydroxyl is cis to the methyl group, 

but increases slightly if they arc rr~s. This general rule was applied to the present 

series and the chemical shifts of the doublets due to the 14methyl protons in the 

four cpimeric alcohols and their acctatcs are listed in Table I together with those in 

the two parent compounds, kcssane (X111) and isokessane (XIV), both of which 

were derived from kcssyl ketone (Ill) and isokessyl ketone (VI).” 

H 

a2 0 
n & 0 

I 
XIII xtv 

As is clear from the Table. an apprcciablc down-field shift (h,,,+,,) of the 
methyl signal IS obscrvcd both in z- and isoscries. those in IV and VII king in lower 

field; the et&t of acetylation (Aor._oH ) mcntioocd above is also clearly exhibited. 

Thus the methyl group at C-4 is trunr to the 2/?-hydroxyl in kessyl alcohol and z- 
oriented. From tbe bchaviour of the methyl signals in the isokessane scrics, isokcssyl 
alcohol (V) is concluded to have a Z/3-hydroxyl and 2-eppi isokcssyl alcohol (VII) a 

Za-hydroxyl. 

IaCt. P. CrabbC. L. M. Gwrcro. J. Rome and F. slncha-V~eru. TtmhtJIon 19. 2S (I%3). 
1’ Y. Kawuse. Y. Sate. M. Natsume. H. Hrugawa. T. Okamoto and K. Tsuda. Ckm. fhurm. Bull. 

10, 338 (1962). 
Ia H. Hikmo. Y. HAtno. Y. Takahitr. K. Shirata and T. Takemoto. Ckm. fkarm. Bull. 11. W7 

(IW3). and the cxprimcntal dctulr to be published. 
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TABU I. Cxwtcu SMWT 01 Wrrarml. PUUTOKS* 

serlcs alcohol 4%m ratrtc &w-o ~cuc-on 
_---- - -- --- ---------- 

Kunc (XIII) 0.78 (6 0) 
a-kcuyl alcohol (1) 0 77 (6 0) - 001 0 81 (6 4) 003 004 
2-zpr-1-Kw~l akahol (IV) 091 (6 7) 0 I3 0 90 (6 8) 0 12 .. 001 
.Iacwi-;lw 0 I4 000 

Isokcwnc (XIV) 0 89 (6 2) 
Iskcvyl alcohol (V) 0 17 (6 7) . 002 0 90 (6 5) 001 003 
?-rpr4sokeu~l alcohol (VII) 0 97 (6 5) OOU 0 95 (64) 006 - 002 
s~oll-~oll 0 IO 005 

’ CIwmiul shift II expressed in ppm from mtcmal TMS. positlw vrluu murung down-fkkl slufr, 
Couplmg constant tn parentheses IS In c/r. 

40 XVI 
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Fto. 2. ORD tune of )_iwpentenyl+rnethyl+opentanonc (XV) UI~ 
( - )-3-methykyclopcntanonc (XVI). 

Stcreochcmistr,y ut C-S. The ORD curve of 3-isopcntcnyl-4-mcthylcyclopcntanone 

(XV) supplied by Ukita’ is shown in Fig. 2 together with that” of (+)-3-mcthyl- 

cyclopcntanooe (XVI). Apparently. both curves exhibit a positive Cotton effect but 

xv XVI 

the amplitude of the former (u: 4330) is about a half of that (4: 8570) of the latter. 
Compound XV, which has the same part structure as XVI but is epimeric at C,. 

would be expected to exhibit an enhaoced negative Cotton effect If the isopcntcnyl 
group is rranr to the methyl group; this is predicted from the assumption that the 

two substituents would adopt the preferred quasicquatorial orientation resulting in 
the conformation XVa rather than XVb. 00 the other hand, if the two substituents 
are cir to each other, the same assumption leads to the prcdrction that the amplitude 
in the case of XV would be smaller than that of XVI and probably with a positive 
Cotton effect, sina the preferred conformation io this case would be XVd rather than 
XVc because of the comparatively great bulkiness of the isopcntenyl group; however, 
the prcdominana of XVd over XVc in this conformational equilibrium would be 

1’ C. Djenw. L. A. Mmzher rnd B. 1. Mtcher. /. Amrr. Ckm. Sot. 61,947 (IPJ9). 
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smaller than that of XVJa over XVIb in 3-methylcyclopcntanonc Thus the above 
discussion indicates the relative stereochemistry at C-4 and C-5 IO bc ci.r. 

xvll XVlb 

If all of the assumptions described are correct. the hydrogens at C-l and C-5 
should be in a wcuu rclatronship in a-kessyl alcohol (I). In order to confirm the 

stereochemistry at these ccntcrs. r-kessyl ketone (111) and isokessyl ketone (VI) were 

submitted to Bacyer-Villager oxidation, during whrch the stereochemistry of the 

startmg ketones IS known to be retained in the resulting lactones.” Thus z-kcssyl 

lactone (XVII) and isokessyl lactonc (XVllI) respectively were obtained as the sole 

XVII XVIII 

products. The NMR spectra of these lactoncs show doublets due to the hydrogen5 at 

C-l; 64.12ppm (J = lO.2c/s) for XV11 and 64.31 ppm (J -‘S.Oc/s) for XVIII. 

The stereochemical rclatronship between the dihedral angle of two hydrogens attached 
to adjacent carbons and the coupling constat@ was applied directly to these values of 
the coupling constant and a rrunr configuration of the hydrogcns at C-l and C-5 

was dedued for XVII and a c-is stereochemistry for XVIII. From this result, a lru.rr..r 

relationship at the ring juncture of 111 and cir rclatronship for VI follows; the con- 

clusion obtained up to this point is consistent for all asymmetric centers in the five- 

membered ring. 
Srereochcmurr,r ur C-7 (Ed C-IO). Inspection of Dreidrng models with the 

stcrcochcmrstry established so far for z-kcssyl alcohol (I), 2-eppi-z-kessyl alcohol (IV). 
isokessyl alcohol (V). and 2-e/G-isokeshgl alcohol (VII). suggests the possible formation 

of intramolecular hydrogen bonding in I or in Vll, depending on whether the oxide 

bridge is oriented fi or 3, rcspcctrvcly. IR measurements on these four cpimerrc 
alcohols at 0901~.2 M concentration in carbon tetrachloride revealed a concentra- 
tion-independent band at 3570 cm-r only for I ; the other three showed two bands 
at 3625 crn..l and 3430 cm-r, the relative intensmes of which vary with the change in 
the concentration of the alcohols. Consequently. the oxide bridge is disposed in such 
a dircctron that it forms an intramolecular hydrogen bond with 2&hydroxyl in 1. 

and thus in /J orientation. 
Srereochmirrry ur C-8. The above evidence establishes the absolute configuration 

1 for a-kcssyl alcohol; the orientation of the C-8 hydroxyl group in kcssyl glycol 

” C H. Haul cn Oaonlc R~ocrfonc (F&ted by R. Adams). Vol. IX: p 73. W~lcy. New York (1957). 
I’ i. Karplus. /. Glum. Phy?v,. 30, I I (l9S9); R J. Abnham and J. S. E. Folkcr. 1. Chtm. SM. 806 

(1963); K. Kurlyama. E. Kondo and K. Torn. Ttrr&Jlon Mrrrs 1485 (1963). 
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remains to be established. This problem was solved by application of the “benzoate 
rule”. 2-Acetoxykessan-a-one (VIII) was reduced with LAH to give 8-e@kessyl 
glycol (XIX) together with kessyl glycol (II). Chromic acid oxidation of both glycols 
furnished, after epimerization at C-l by alumina, the same diketone XX. 

XIX 

Comparison of the molecular rotation difference a[& of kessyl glycol and its 
benzoate, with that of 8-epi-kessyl glycol and its benzoate, after subtraction of the 
effect of benzoylation at the C-2 hydroxyl group (- 192”. uide sup), clearly indicated 
that the benzoylation effect at the C-8 hydroxyl group is dextrorotatory (-t-a3) in the 
kessyl glycol series and laevorotatory (- 145”) in the I-epi-kessyl glycol series. Thus an 
R-configuration for II, and an S-configuration for XIX was deduced.* 

yf 
0 $P --OH 

H 

+ 

0 

XXI XXII 

Consideration of biogenetic porhwy 

Elucidation of the absolute configuration of a-kessyl alcohol (I) and kessyl 
glycol (II) confirmed the structures of kessane (XIII),16 kessanol (XXI)ls and 8-epi- 
kessanol (XXII)1e all of which are congeners found in certain kinds of Japanese 
valerian root. The established structure for kessane and its corresponding alcohols 
implies their possible biogenetic pathway from rruns-famesol as shown below: 

The ten-membered ring alcoholic intermedia@ formed by the cyclization of 
rrmtr-famesol would be arranged in such a way that the two double bonds are facing 
each other in order to make overlap of rrzlectrons maximal and to undergocyclization. 

l A smaller dcxtrorota1ofy value (A223 compared with tbc corresponding lacvorotatory value 
(- 115”) was also obtained for the rrspaaive Ala valuer in XXI and XXII isolated from certain 
kinds of Japanese vakrian root.‘0 

ID H. Hilcino, Y. Hikino. Y. Takuhita and T. Takcmoto, Gem. Plronn. Bdl. 11,952 (1963) and the 
experimental detail to be published. 

* J. B. Hendrickson. Terruhrdron 7, 82 (1959). 
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Among several such arrangements, the one depicted is particularly suited for the 
formation of the kessane skeleton; *I the anti-Markownikoff protonation of one of 
the double bonds followed by two concerted cyclizations would give rise to kessane 
with the correct stereochemistry. 

EXPERIMENTAL 

M.ps arc uncorrected; [z]~ were measured in chf unkss otherwise stated. NMR spectra were 
recorded at 60 MC/S for Ccl, soln unless otherwise stated. Chemical shift and coupling constant 
(in parentheses) arc exprcsxd in ppm from internal TMS and in c/s. respectively. 

I-Kcssyl ulcohol.’ Colorkss prisms (from light pctrolcum). &H,,O,. m.p. 85-86”. [a]” - 38.4” 
(c 101). IR v::“.:: 342Scm * (OH), v;‘:,: 359Ocm-l (OH), I*$: (0.21 UWI M): 3595 cm 1 
(intramolecularly assoc. OH). NMR dppm: 0.77 (3H, d, J 2 6.5). I.19 (3H, s), I.21 (3H, s). I.28 
(3H. s), 394 (IH, I. J : 3.5’). MS m/e: 238 (M*). 223.205. 177. 159, 149. 126 (base peak). 108.97. 

Acefore:’ Colorless oil, d: 1.053, $ 1486. [z)~ ,-75.1’ (c 11.7). IR pi&: 1733, 1248cm-L 
(aoetoxyl). NMR bppn: 0.81 (3H. d. J ‘- 6.4). I.10 (3H. s), I.23 (6H, s), 2.00 (3H, s). 4.95 (IH. 
broad I). (Found: C, 72.37; H, 9.76. Calc. for C,,iI,,O,: C. 72.82: H. 1@06;,;.) 

Ifydrare:U Colorless needles (from light petroleum). m.p. 56-57.5“. 
Benroute: Colorless prisms, m.p. lC&lOl”, [*In -82.7’ (c 9.2). (Found: C. 76.79; H. 8.89. 

Cak. for C,,H,O,: C, 77.15; H. 8.83x.) 
Kess 

Y 
l~lycoldiacerufe.” 

v”P”.“, a: 
Colorless prisms (from light pctrokum), m.p. 114’. [alr, --78.5’ (c 10.4). 

IR 1720 cm-l (acetoxyl). NMR 6,,,: 0.85 (3H, d. J = 6.3). I.12 (3H. s). I.25 (3H. s), 
1.32(3H,s).4.92(lH, t. J c 4).520(lH, 1. J -L 8.5). (Found: C.67.76; H. 8.77. Cak. forC,,H,O,: 
C, 67.43; H. 894x.) 

H#ofysis of kessylglycol a’iucerore. Kcssyl glycol diaatate (310 mg) in ether (20 ml) was added 
dropwise to LAH (ZOO mg) in ether (20 ml) under stirring. After 2 more hr stirring at room temp. 
the cxass LAH was decomposed and organic material extracted with ether. which was then washed 
with H,O and drkd over Na,SO,. Evaporation of the solvent left a yellow oil (208 mg) which was 
distilled in wcuo to give II” as a colorless oil (I91 mg). b.p. l30-l35”/4 mm. 1~)~ - 19.3” (c 3.4). 
IR ,$acl,. P.l . 3676, 3472 cm-’ (OH). NMR fippr: 0.84 (3H. d. J = 6.1). I.16 (3H. s). l-33 (6H. s). 
3.95 (IH, I. J = 4). 4.27 (IH. I, J = 8). MS m/e: 254 (M’), 236, 221. 203, 176. 142, 127. 97. 53 
(base peak). (Found: C, 70.50; H. 10.19. Cak. for C,,H,,O,: C, 70.83; H. 10.30x.) 

Di&tuoure: Colorless platcs(fromcyclohexane), m.p. l895-lWS”, [zlr, -.SO.S” (c 3.3). (Found: 
C, 75.57; H. 7.1 I. C,,H,,O, requires: C. 75.30; H, 7.41x.) 

Oxidation of r-kessylolcohol with chromic acid. Chromic acid soln. prepared from Na,Cr,O,.ZH,O 
(213 mg) and H&O, (280 mg) in H*O (I.3 ml) was added to a stirred soln of I (SW mg) in ether (IO ml) 
oycr IS min at 27. After 3 hr, the ether layer was washed with NaHCO,aq and then H,O, dried 
over Na,SO, and evaporated to lcavc a colorless solid (493 mg) which was crystallized from light 
petroleum giving III@ as colorless nccdks. m.p. 101~5-103”. [I)~ .I 239” (c 10.0). ORD (in McOH. 
c 0.0726): [+Jun, 1.590. [dlaW .; 1860, [#rGk ‘-8830. I&g;“,@ - 8730. [d]z,- -!-9060. [+];;wb .578O 
[+lu, -.1580. IR u:“.;: 1730 (cyclopcntanom). l-cm-’ (mcthyknc adjaant to carbonyl). 
NYR c&r. : 0.88 (3H. d. J -. 6.4). I.19 (6H. s), I.25 (3H. s). (Found: C. 76.41; H. 10.14. Calc. for 
C,,H,,O,: C. 7622: H. 10.247;.) 

Semicar&zone:’ Colorless silky nccdla (from F.tOH), m.p. 225’ (dcc). (Found: C, 65.47; 
H. 9.27; N. 14.65. Calc. for C,,H,,O,N,: C. 65.49; H. 9.28; N. 14.32x.) 

ReaLdon of a-kessyl ketone with lithiwn aluminum hyctidc. To a soln of III (SO.0 mg) in ether 
(5 ml). LAH (ca. 10 mg) in ether (IO ml) was added dropwise with stirring at 2&25” and stirring was 
continued for 4 hr. The reaction mixture was washed with dil. H,SO, and H.0. and dried over 
Na,SO,. After evaporation of the solvent. the residual product (S@S mg) was crystallized from light 
petroleum to give Z-epi-z-kessyl alcohol (IV) as colorkss silky needles, m.p. 107-108~~“. [zlr, - 37.8” 
(c 10.5). IR v::“.:: 3425. 3340 an-l (assoc. OH), ~2: (@2l M): 3627 (free OH). 3430 cm-l (assoc. 

OH), v;;; (@OOS AM): 3627 cm-’ (fra OH). NMR b ppm: O-91 (3H. d. J = 6.7). I.15 (3H. s), 1.21 

‘1 C. Kaneko and S. Nozoc also discussed the importance of the conformer in biogenesis of certain 
sesquitcrpcncs. Abstract of the 9th Symmium on the Chemistry of Natural Products, Osaka. 
p. 143 (1965). 

n Y. Asahina and S. Nakanishi. Yakqaku Zosshi 49, I35 (1929). 
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(6H, t), 3.98 (IH. s&et, J = 60. 8.5.8.5). MS m/e: 238 (M*), 205, 177, 163. 147, I26 (base peak), 
109.97. (Found: C. 75.69; H, 11.13. CIIH,,OI rquircs: C, 7S58; H, 1 l-00%.) 

Acerorc: Colorless tree&s (from EtOH). m.p. 77-78”, b.p. l21-123’/5 mm, c 1952, nz 1488, 
[a]n +8Sl” (~4.2). IR r::: 1724, 1246 an-’ (aatoxyl). NMR dram: 090 (3H, d. J I= 6.8), 
la5 (3H, s), 1.16 (3H. s), l-20 (3H, s). l-93 (3H, s), 4-8s (IH, m). (Found: C. 72.70; H. 10.07. 
C,,H,O,rquiru: C, 7282; H. 1066x.) 

&NWIC: Colorless prisms (from light petroleum), m.p. 91.593”. [zJr, + 113.4” (c SS). IK 
xkti: 171S.128Scm-1(cstcr). (Found: C.7694; H,8.65. C,,HIO,rquircs: C.77.lS; H,8.83%.) 

Ox&&r&n of Zepi-a-kc+ alcohol with chromic acid. Compound IV (400 mg) was oxidized with 
CrO, in the manner above IO give colorloss crystals (37.8 mg). which after recrystallization from light 
petroleum gave III as colorless needles, m.p. 102-103”. (Found: C. 76.35; H, 1026. Cak. for 
C,,H,,O,: C, 76.22; Ii, l@24%.) The identity was established by mixed m.p. and comparison of 
IR spectra. 

Reducfion of z-ktssyl kerone with sodium amd efhud. Compound III (0.5 g) in EtOH (IS ml) was 
heated under rcflux and small pieces of metallic Na (I.3 g) were gradually added. The mixture was 
kept on a steam bath for 4 hr. diluted with HI0 (15 ml), and extracted with ether. The product 
crystallized from light petroleum as colorksa nadks of V,’ m.p. 117-l l8”, [a]n - 13.8” (c l@l). 
IR sm;=: 3425 cm ’ (OH), YE;“:! (0.21 M): 3627 (free OH), 3430 cm-’ @WC. OH), x”,“:t (OfM3S M): 
3627 cm-i (free OH). NMR dppm: 0.87 (3H. d, J - 6.3). l-16 (3H, s). 1.19 (6H. s). 4.11 (lH, m) 
MS m/e: 238 (M+). 223. 20s. 187. 177, lSY, 126 (base peak). 108.97. (Found: C, 75.49; H. II-04 
Cak. for C,,H,,O,: C, 7SS8; H, ll03%.) 

Acerafe: Colorkss oil, c IWO, nz 1486. [z]n -30.0” (c 10.3). IR &: 1727. 1222 cm ,’ 
(acctoxyl). NMR drpn: 090 (3H, d, J = 6S), 1.0s (3H. s), I.20 (6H, s). l.% (3H. s), Sl (lH, m). 
(Found: C, 72.20; H. 1004. C,,H”O, rquims: C. 72.82; H. IO%%.) 

Ox&&ion of isokessyf alcohol wirh chromic ucid. Compound V (I -39 g) in ether (10 ml) was stirred 
with CrQ soln. prepared from Na,Cr,O,.ZH,O (066 3, H&I, (O-87 g), and H,O (3.5 ml). at room 
tcmp for 3 hr. After being washed and dried. the product (I .30 g) was crystallirrd from light pctrokum 
to give VI’ as colorkss phlu. m.p. Sl-S2”. [zln - 171” (c 4.6). ORD (in MeOH, c W604): [$b 
-200. [+L.. -680, Mb?F”=” -- 10100. Mb yp -9200, [#:pb -9840. [dlc* -r-9300. [dl*rr 1.6630. 
IR ~2:: 1730 (cyclopentanone). 1407~~* (methylcne adjacent to carbonyl). NMR fippa: I.04 
(3H,d, J m S-6). 1.26(9H.s). (Found: C.75.70; H. 1@19. Cak. forC,H,,O,: C.76.22; H, 1@24%.) 

fsutnerizurion of a-kessy/ ketone wfth dkafi. Compound III (I .O g) wa, heated with IO% KOH 
(5 ml) on a water bath for 12 hr. Extraction with ether gave the product (I.0 g) which on crystallization 
from light petroleum gave VI as colorless plates, m.p. 51”. [aJn -170-8” (c 10.0). Identify was 
established by mixed m.p. measurement and comparison of the IR spectra. The same product (VI) 
was also obtained from z-kcssyl ketone by filtering its bcnzmc soln through alumina (alkaline). 

Reduction of isokessyl kerone with lithium aluminum hy&&. To a soln of VI (0.7 g) in ether 
(20 ml), was ad&d an cxass of LAH in ether (IO ml), and the mixture was stirred for 1 hr. The 
product obtained was crystallized from light petroleum IO give 2-cpCLroke~/u/cohol(VII) as colorless 
prisms, m.p. W-86”. [z]n +39.1” (~4.1). IR <is: 
3430 cm-’ (assoc. OH), vcc’ 

3378 cm-’ (OH), c;j (@I M): 3626 (free OH), 
,.: (0.003 M): 3627 cm-’ (free OH). NMR drpm: 0.97 (3H. d, J c 6.5). 

1.16 (3H. s), I.23 (6H. s), 4.1 (IH. broad m). MS m/e: 238 (M+), 223. 20s. 187, 177. 163. 147. 126 
(base peak), 109, 108.97. (Found: C, 75.4s; H, l&93. C,,HWOI requires: C, 7S.82; H, lltX%) 

Acerure: Colorless oil, dp l.OSl. n: 1.490, [I]~ ~52.0” (c 10.0). IR v$x: 1738. 1239~~’ 
(aatoxyl). NMR dpPm: @9S (3H. d. J 6.4). 1.1s (3H, s), 1.23 (6H. s). I.98 (3H. s), SO4 (IH. m). 
(Found: C, 73.30; H, 1@07. C,,H,O, rquircs: C. 72.82; H, 1@067<.) 

OxiaWon of 2cpi-irokess_ylulcoho1 with chromic acid. Compound V (56 mg) in ether (IO ml) was 
stirred with 00, soln, prepared from Na,Cr,O,.W,O (31 mg). H&O, (35 mg). and H,O (2 ml). for 
3 hr at room temp. Crystallization of the product from light petroleum gave VI as colorksJ plala. 
m.p. SO-51 ‘. 

Partial hydrolysis of kessyl glycol diocerate. Kessyl glycol diaoztaie (5.00 gI and KOH (820 mg. 
1 q.) in 80% EtOH (75 ml) was allowed to stand overnight at room temp. After ncutrali;tation of 
alkali with AcOH. the reaction mixture was conccntratal to 20 ml and poured into waler. Fxtraction 
with chf followed by washing with H.0 and drying with Na&O, and evaporation of the solvent 
afforded an oil (4.5 g) which was crystallixd from ether and then from light pctrokum lo afford IX” 
as colorless prisms, m.p. IO1 ,103”. [z]” 65.7’ (~9.9). IR ~:.:‘a: 3636, 3448 (OH). 1724 cm-’ 

s 
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(acetoxyl). NMR bPPo: 0.85 (3H. d, J - 6.1), 1.03 (3H. s). 1.13 (3H. s). 1.30 (3H, s), 2.00 (3H. a) 
4.29 (IH. 1, J = 8), 4.88 (lH, t, J = 4). (Found: C, 65.38; H, 9.50. Cak. for CI,HmO,.H,O: 
C, 6494; H. 9.62x.) 

Ox&A&n ofkessylglycol2-acerarc wirh chromic add. To the soln of IX (237 mg) in AcOH (15 ml), 
00, (100 mg) in AcOH (20 ml) was added dropwisc at room temp. After being allowed to stand 
overnight, the reaction mixture was diluted with H.0 and ncutralitod with NaHCO, and extracted 
with e&r, the extract was washed with H,O and dried over Na$O,. After evaporation of the solvent 
yellow crystals (178 mg) were obtained and purified by alumina chromatvphy. The colorhr 
nccdlca (126 mg) clutcd with CC& wtrc aystallizcd from light pctroleunwtbcr to afford VI.II.11 as 
colorkss ncedlu. m.p. 138.5139.9. [x]n ~8.9’ (~4.9). ORD (in McOH, cB198): [+L,, +40, 
WL i 220. WG* + 2140, [G?s’ +1910. [+xp +2320, [+I?” -2720, [+I,” -1630. IR Y::\: 
1726 cn+ (aatoxyl and six-mmbcrcd ketone). NMR dppm: @79 (3H. d. J m 6.9). 1.20 (3H. I), 
1.25 (3H, s). 1.37 (3H, s). 2.02 (3H, s), 499 (IH. t, J = 45). (Found: C, 68.70; H, 8.98. Cak. for 
CI,HIIO,: C, 69.36; H, 890’/,) 

Oxiddon of 2-aceroxykessad-one w&h porassinm permqpnate. The ketone VIII (4.6% g) was 
suspended in 4 y0 NaOHaq (60 ml) and 6 % KMnO,aq (1 SO ml) WBS added under stirring at room temp. 
After 2 hr MnO, was filtcrcd off and the filtrate was cxtreacd with ether and the extracts wcrc drial 
over NA,SO,. Evaporation of the solvent gave A yellow oil (0524 g) (neutral fraction). The water 
dyer WAS rcidifkd with 2N H$O, and exIractcd with ctbcr. After the usual treatment, A ye&w oil 

(3460 g) was obtained, whkh was crystallizzd from ether to afford the ocrroxy4cur~xy~~c odd(X) 
ascolorbprisms, m.p. 175-177’. [zlr, -68,6”(c 7.4). IR vi::’ o : 3-2800 (broad), 1733,944 an-’ 
(carboxyl and acctoxyl). (Found: C, S9.70: H, 7.70. C,,H,O, roquins: C, 59.63; H. 7+65x.) 
The dimcthyl ester was formed by the action of diazomcthanc; colorlcaa oil, IR ~2:~: 1727 cm-’ 
(aatoxyl and ester). 

The neutral fraction* mentioned above (524 mg) was further oxi&.@ with 30% H.0, (IO ml) 
on A water bath for A short time. Working up in the usual way gave the starting material VIII (210 mg) 
and the X (190 mg). 

Decarboxylorion of rke aceroxydicarboxyllc acid. The acid X (465 mg) was bcatcd under rcflux 
in AcOH for 3 hr. Ihe reaction mixture WIU conantratcd under red. press., diluted with H.0, 
ncu:ralizcd with NaHCO,. and extracted with chf. The extracts wcrc dried over NA,SO,. Evaporatioo 
of the solvent gave A brown oil (124 mg). ?ht water layer was addifkd with 2N H&SO, and extracted 
with chf. The same treatment as ebovc gave colorkse crystals (307 mg), which wcrc 
from bcnxcnc to give XP as colofkss prisms. m.p. lS!LlW, [ah -41.1’ (c 34). 

~IaIlized 
IR v~.=: 3571, 

3436 (OH), 33OW8OO (broad), 1724,956 an+ (carboxyl and aatoxyl). NMR Sza: 0.91 (3H. d. 
J - 6.2). l-51 (3H, I), 1.53 (3H, s). 1.69 (3H, s), 4.8-56 (ZH, m). (Found: C, 6444; H, 8.59. 
Cak. for CI,HYO,: C, 6440; H, 8.78 %.) 

Merhyi esfec: Colorkss oil, IR v::~: 3571 (OH), 1727 (aatoxyl and ester), 1640 an-l (doubk 
bond). 

H$rolysLr of rhe uceroxFurboxylic wid. The acid XI (1.833 g) was allowed to stand overnight 
at room tanp with KOH (2.0 g) in 80% EtOH (20 ml). The reaction mixture was conatnlratad 10 
about 10 ml under nd. pm., diluted with H.0 and extrac!cd with cthcr. After being washed with 
H,O. the extract was dried over NA,SO,. Evaporation of the solvent gave pak yellow ctystah (982 mg). 
which mrc recrystallized from light pctrolcum to give XII” as colorkss p4atcs. m.p. 63-65”. IR &yx: 
3597 (OH), 177Ocn+ &lactonc). NMR GFg*: @93 (3H, d, J - 6.3), 1.28 (3H. s), 1.62 (3H, s). 
l-73 (3H, a). 5.1 (2H, m). (Found: C, 7@42; H, 8.9% Cak. for C,,H,,O,: C, 70%; H. 9.31x.) 

ORD cunv of 3-~~enyf4mrrhy/cyc/o~f~~.’ Solvent; McOH (c @20). [#lo. + 80. 
[#I,” +330, I&, + 13300, [#;’ +2190. f#l&-h -2130. [+ho -t 1740. 

Oxldolbn of a-kessyl kerone w&h prbenwic acid. Compound III (406 mg) was allowed to react 
with pcrbcnzok acid (551 mg) in chf (15 ml) at 25” for 30 days. The reaction mixture was washod 

l Although the neutral fraction was crystallized from ether to give yellow nccdla. rccrystalliEstion 
from light petroleum failed to give any pure compound with A sharp m.p. and cons.istcot analytical 
values. IR spearurn of the product was supcrimpcnablc with that of the “acztykhinon”” kindly 
provickd by Professor Ukita. A similar H.0, oxidation of the Kancoka’s sample gave exactly the 
same result with our product, showing the “acctykhinon” to bc A mixture of the Z-acetoxykessana 
8,9-dionc and the starting material (VIII). 

a K. Kancoka and S. Yoshikura, Yokuguku Zusshi 61,8 (1941). 
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with NaHCO,aq and then with H,O and dried over Na,!IO,. Evaporation of the solvent gave an 
oil (357 mg), which was heated under rcflux with 1N ethanolic KOH (13 ml) for 1 hr. The solo was 
concentrated under red. press., diluted with H,O (SO ml), and extracted with ether. After acidification 
with 10% HCl, the aqueous layer was extracted with ether. Ether soln was washed with H.0 and 
dried over Na,SO,. Evaporation of the solvent gave the hydroxycarboxylk acid (168 mg) as a 
crystalline solid which was heated in Ac,O (3 ml) for 2 hr. After addition of H,O. the reaction 
mixture was neutralized with NaHCO,. and extracted with ether. The residue (135 mg) from the 
ether soln was chromatograpbed on alumina (10 g); the bcnxenc eluate (36 mg) afforded a solid which 
on recrystallization from light pctrokum gave a-&es@ lucronc (XVII) as colorless prisms, m.p. 
14@5-141~~,[r]r, f25.7”(~4.2). IR Y:::: 1727 cm-i(blacrone). NMR dPPm: la1 (3H.d. J I_ 6.4). 
l-20 (3H. s). l-23 (6H, s), 4.12 (IH, d, J = 1@2). (Found: C, 71.16; H. 954. Ci,H,,O, requires: 
C, 71.39; H, 9.59%) 

Oxldorion of iwkessyl ketone with per&nwic mid. Isokcssyl ketone (304 mg) was oxidized with 
pcrbcnxoic acid (489 mg) in chf (10 ml) as described io the preceding section. After removal of acidic 
materials and evaporation, an oil (267 mg) was obtained, which was passed through a silica gel (30 g) 
column. Resides some recovery of the starting material, a fraction clutal with benzene afforded a 
crystalline material, which was rccrystallimd from light petrokum to giyc fsokessyl locrone (XVIII; 
42.1 mg) as colorless plates, m.p. I lS-116”. [a], f25.4” (c 104). IR vt”.:: 1724 cm-i (blactonc). 
NMR dcnc’a- aD= * l-00 (3H. d. J - 5*8), l-27 (3H. s), 1.30 (6H. s), 4.31 (IH, d, J = 40). (Found: 
C. 72.28; H, 9.36. C,,H,,O, requires: C. 71.39; H. 9.59%) 

R&crion of 2-ace~oxyke.ssan-8 with Ii&an uhminum hy&ia%. Compound VIII (m mg) in 
ether (20 ml) was reduced with LAH (750 mg) in ether (20 ml) under stirring for 2 hr at room temp. 
Working up gave a mixture of II and X1X as a colorkss samcrystalline paste (4% mg). in which the 
latter predominates (determined by NMR). Recrystallization of the mixture from ether and etha-iso- 
octanc(l:2)alfotdcd &pi-ke~~y/~f~f(XD<)ascolo~eu prisms, m.p. 171-173”. [aJD -350” (~4.1). 
IR +clsp:*: 3SS8. 3424 cm-’ (OH). NMR d;:;: 081 (3H. d. J = 6.9). 1.32 (3H. s), 140 (3H, s), 
144 (3H. s). 4-08 (IH, t, J = 4.5). 4.08 (IH. I. J = 9). MS m/e: 254 (M*), 236.221.203. 161, 142, 
127.97,43 (base peak). (Found: C, 70.18; H, 9.95. C,,H”O, requires: C. 7@83; H, 1030%) 

Dticetate: Colorkss oil, [zb -29.2” (c 8.2). NMR dPPo: 088 (3H. d. J - 6*3), 1.16 (3H. s). 
1.27 (6H, s), l-97 (3H. s). 1.98 (3H, s). 4.83 (IH. I. J - 9). 4.9s (IH. 1. J = 45). (Found: C, 67.57; 
H, 9.12. C,,H,O,requircs: C, 67.43; H. 894%) 

Dibenzuare: Colorless glassy material, [a], -92.2” (c 2.7). (Found: C, 7549; H, 7.41. C,,HuO, 
quiru: C. 75.30; H, 7.16%) 

Oxi&fion of keqvlglycof with chromfc UC&~. To a soln of II (570 mg) in AcOH (10 ml), an AcOH 
soln (IS ml) of CrO, (600 mg) was added dropwise at room tcmp and the mixture was allowed to 
stand overnight at room temp. The reaction mixture was diluted with H.0. neutralized with NaHCO, 
and extracted with chf. After washing with H,O. and drying over Na,SO,. the solvent was evaporated 
to give a yellow oil (433 mg), which was chrcmatographcd on alumina. Elution with benzene yielded 
colorless crystals (350 mg). Recrystallization from light petroleum afforded XX** as colorless needles 
m.p. 87-89”. [z]n -21.9” (c 4.9). IR ~:.:‘a: 1733 cm-* (five- and six-membered ketone). (Found: 
C. 72.01; H. 8.92. Cak. for C,,H,,O,: C. 71.97; H, 8.86%) 

Oxidorion o/8-epi-kessyt&coI with chromic acid. Compound XIX (129 mg) was oxidized with 
00, (300 mg) in AcOH as described. The yellow oil (98 mg) obtained was chromatographed on 
ahunina and crystals (73 mg) were elutcd by btnaacthcr. Recrystallization from light Ix%roIeum 
gave colorless needles. m.p. 91-92”. This was identical with XX.” 
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