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_4ib&wt-Dchyctration of guaiol and the cpimuic ~y~~o~ in the pi-tmxw of amy acidic 
dehydrating rgsnts has been studied and the products charact- by GLC. spectrosmpic analysis 
and by chaniml transforautions. The most intcruting dehydration producu am Bnta’ guaioxkle 
(VIiIa, VIIIb) obtained by pachloric acid-acetic xid dehydration of guaiol (I); a methyl ketone 
(XIII) having a novel skeleton, obtained by the isornmization of tbc cpoxidc pmpared froa~ l&S/?- 
dihydm+guaiem (XIb); and the mxmiary alcohol (XVI) formed by hydmboration-otidation of 
la,Sa-dihydro-c-quake (XlIa). 

IS&~-~&ydro-a-guaiem (XVI34 on hydroboration-oxidaton is convuted to the primpry 
Who1 la&guuian-12-01 (XXII which on oxidation with &ocnic acid aiTords UKJ comsponding 
aldchyde and the acid. On treatment with lead tmaeuxta tc in blwmc rolution, XXI is cxxwcltai to 
the ia,Sa-guahn-12-6 oxide (XXII). chromic acid oxidatkm of which a&r& la,Sa&xahyd,r&c- 
hydroemus lactone (XXIII). 

RECENTLY many bi- and tricycle sesquiterpcnic hydrocarbons and oxygenated com- 
pounds, having guaiane or modified guaine skeletons, such as patchoulenone,r 
isopatchoufenont,s*s and cyperen~,~ have been isolated from natural sources. It was 
therefore felt that the study of dehydration and cyclizatioo reactions of guaiol and 
its dihydro derivatives and also their behaviour towards oxidizing agents might lead 
to the synthesis of some of these natural products or their closely related derivatives. 

The structure and stereochemistry of guaiol has been the subject of intensive 
investigation by several groups of workemM It is now represented by the stereo. 
formula I and the crystalline (-)dihydroguaiol and liquid (i-)dihydroguaiol by 
IIa and IIb respectively. 

Initially we studied the action of various dehydrating agents on guaiol and both 
the isomers of dihydroguaiol. The products obtained were &ara&&d by a com- 
bination of spectroscopic and GLC analyses’ and also by chemical transformations, 

* Gxnmunication No. 933, from tha National Cb&cal Laboratory, Pcena-8, India. 
s B. Trivcdi, 0, Moth, V. Haout and F. &rm. Co& CzeeA C/tern. Comm. 29,167s (1%). 
* H. Hikino. K. Aota and T. Takarxxo, Gem. Pharm. Buil., 13, (5). 631 (l%S). 
0 S. B. Nerali, P. S. ICaLG, IL K. Clukravarti and S. C. Bhamcharyya, Tetruhe&on Lcttws No. 

45,4os3 (1965). 
* B. Triucdi, 0. Motl, J. Smolikofa and F. Sorm, Tetruhdron Letters No. 19, 1197 (1964). 
‘ E. J. Eiscnbraun. T. Oaorge. B. Binika and C. Djcr&, 1. Awur. Glum. Sac. t&3648 (196~. 
* K. Take& and H. hlinato, Clrrm. Pkam WI. 9,619 (l%l). 
’ H. Minato, Tetruhedron I%, 365 (1962). 
m K. Take&, H. Minato, T. Tcrasava and C. Yanaihanr, C&m. Ph. BUM 13(S), 942 (196%. 
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The GLC aaalyscs* of the s~ph~c acid dehyd~tion* product of guaiol (I) 
shows three peaks corresponding to a-guaicne (11X; SO%, Rt 4.703, @guaicnc 
(IV; 12x, Rt 5555’) and bguaienc (VI; 8 %, Rt 6-W). The UV spectrum of the 
mixture shows a strong end absorption G$sa and no abortion due to double bond 
conjugation. The IR spectrum shows maxima at 1640 and 890 cm-l, indicated the 
pmscuoe of a methyleuic double bdnd, The NMR spectrum coukms the prsacnot of 
a-guaieoe (a sharp signal at 5.4 T) and does not show the prcscnoe of y-guaiene (V). 
Further, the integrated intensities of the oleflnic and secondary methyl signals also 
indicate the prcscna of bguaicne (VI) in small proportion, 

Guaiol on treatment with formic acid ioa agords a mixture of hydr~bo~ rich 
in the conjugated ditne, y-guaiene (40%; Rt 4.23’). It also contains quaiene 
(VII; 26%; Rt 3.31’) and another hydr~bo~ (34%; Rt 3.78’). The UV spectrum 
shows an absorption maximum at 2% rnp (r: 3740; pure y-guaiene e 8990) and an 
end absorption E~:P. 

CHART 1 

u X0 

Treatment of guaioi with ptrchtoric acid in acetic acidi# yields only a very small 
amount of the expected ~nju~t~ dient V, the major com~n~t being an oxide 
which is identical with the guaioxide obtained previously by Rates ef ukg by treating 
guaiol with s~ph~c acid-acetic acid mixture. The GLC analysis shows the mixture 
to consist of guaioxidt (VIIIa or WIb, 85 %; Rt 555’) and y-guaiene (15 %, Rt 
4.23’). The UV spcstrum is in complete agreement with this, sho~ng an absorption 

* The authom arc gnt&tl to Mr. B. V. Bapat and Mr. T. K. Smkplrl for carrying out the GU: 
analysis. 

‘ R. B. Bata and R. C. Sk& Ckm. & fwd. (Jar& I71 5 (I W2). We have made con-t use of 
thew data and cxpmss ow gratituba to the auth~n. 

l*r J. P&a and F, b-m, C& Cxeck Ckm. Corn, 14,274 (1949). 
f- S. K. Pakniku and S. C. Bbattuhqya, Temk&m 18, 15OQ (1962). 
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band at 256 rnp (8 1632; P IOl6). The NMR spectrum of the guaioxide obtained 
in a pure form from this mixture by column chromatography is superimposable on 
that of Bates’ guaioxidc. 

Guaiol on heating with ~l~hospho~~ acid gives a complex mixture of hydro- 
carbons. At elevated temperatures (160“) larger amount of guaiazulene is obtained. 
The reaction product contains a& y- and E-guaienes, and s-guaiazulcne, A saturated 
hydrocarbon, not yet identified, has also been isolated from the mixture. The product, 
on chromato~phy of the less polar fractions (30% of the total), shows the presence 
of two saturated hydrocarbons (A, 5%; Rt 1.8’ and B, 46%; Rt 2*6’), &-guaicne 
(35 %; Rt 3.3 1’) and a-guaiene (12 %, 4.70’). The more polar fractions of the chroma- 
tography indicate the presence of ,!?- and y-guaicncs and s-guaiazulene. UV spectrum 
of the total mixture shows bands at 350, 280 and 256 m,u, indicating the prcsena 
of aromatic and conjugated double bonds. 

The major saturated hydrocarbon B, isolated via column chromatography of the 
less polar fraction analyses for C,,H, and dots not show any characteristic features 
in the IR and UV spectra. This is found to bc not identical with guaiancs and other 
saturated hydrocarbons available, having the guaianc and related tricyclic skeletons. 
Our expectation to obtain a product like cypcrcnctl by cyclodehydration of guaiol was 
not real&d. 

Guaiol benzoate on pyrolysis gives pure a-guaiene (purity 97%; Rt 4.70’) along 
with traces of &guaiene (3%; Rt 5.55’). a-Guaiene on hydrogcnatio@ gives a 
product consisting of adihydroguaiene (Ix, 67%; Rt 3.7’). umeac&d a-guaicnc 
(10%; Rt 4.7’). &uaienc which was an impurity in the starting a-guaiene (3%; 
Rt 5*55’), and, probably, products of double bond isomcrization (Xa and Xb, 18x, 
Rts 6.7’ and 7.0’ respectively). 

For our subsequent series of experiments, guaiol was hydrogena&Pa*u under 
pressure at 100” with Rancy nickel. la,5a-D~ydro~ol (IIa) separates out on 
cooling an acetone solution of the alcohol mixture. The mother liquor affords on 
fractional distillation through an efficient column 1#?,5/?dihydroguaiol (IIB; [a]: 
+42’). This does not resolve on GLC on a polyester column of high efficiency, nor 
does it separate on TLC plates with the different solvent systems employed. However, 
from the GLC analysis of its dehydration products, its purity wouid appear to be 
about 82 %; “pure” IIb ([aJo +46”), obtained by the Japanese workers’by the repeated 
fractionation of the mother liquor, would thus appear to be only 85% pure, as the 
calculated rotation of this isomer is +73”. This is in good agreement with their 
finding that their dextrorotatory alcohol on chromic acid oxidation yielded a C,,- 
ketone mixture containing an appreciable amount of the di-a&ma.* 

Dehydration of liquid IIb, [a&, +42”, with per&o& acid-a&c acid mixture, 
gives 1~,5~dihydr~~-~aienc (XIb, 36%; Rt 3*25’), 1~,5~ihydr~&-~~enc 
(XIIb, 45%; Rt 452’). along with their di-a-isomers XIa (8x, Rt 4.1’) and XIIa 
(11x, Rt 5.9’). The mixture on epoxidation followed by BF,-et.hcreatc isomcrizationl’ 
affords in the mixture XIII formed by the methyl migration from C;, to C,. This 
ketone isolated and purified through its semicarbazone (m.p. 1730) shows in its NMR 

I’ Sukh Dev. 1. Id Chem. Sot. 32,262 (1955); 34,265 (19S7). 
In K. Takcda, H. Minarrto and S. MO&A. Tetrak&on 13,308 (lW1). 
ID P. A. Plrrttna and L. Lemay, He& C&m. Acto 23,897 (MO). 
I1 H. B. Henbest and T. I. Wrigley, 1. Glum. Sot. 45% (1957). 
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spectrum the absence of the isopropyl side chain and the presence of a methyl ketone 
(7.98 7, 3H), a tertiary methyl (8.97 7, 3I-I) and two secondary methyls (around 9.1 7, 

6H). The product also gives iodoform test characteristic of a methyl ketone. 
The mother liquor after the separation of this semicarbazone on oxalic acid 

treatment affords a ketonic product showing an absorption at 1418 cm-l, indicating 
the presence of a keto group having a methylene adjacent to it. This ketone could 
not be isolated in a pure form due to the paucity of material. 

Dehydration of crystalline Ha, with perchloric acid-acetic acid mixture, furnishes 
1 z,5adihydro+guaiene (XIa, 40% ; Rt 4.1’) and la,5zdihydro+guaiene (XIIa., 
55%; Rt 5.9’) and traces of another hydrocarbon, probably la,5adihydro-y- 
guaiene (XIV, 5%). Pure dihydro-/?- and &-guaienes could be separated from this 
mixture by column chromatography over silver nitrate-impregnated silica gel.” The 
W spectrum of XIa shows a strong end absorption ep and the NMR spectrum 
shows the presence of two methyl groups on double bond (8.33 7 and 8.38 7; 6I-i) 
and the absence of olefinic protons. On ozonixation it furnishesacetoneand the known 
(&ketones (XV); the latter is character&d through its semicarbaxone m.p. 200”. 
Compound XIIa shows IR absorption bands at 840 and 812 cm-i, characteristic of a 
trisubstituted double bond, Its NMR spectrum shows a triplet centred at 4.5 7 due to 
an olefinic proton coupling with the adjacent methylene group, 6xing the double bond 
to be between C, and C,. On hydroboration-oxidation,le this hydrocarbon furnishes 
the expected secondary alcohol XVI, con6rming structure XIIa. 

lz,5a-Dihydroguaiol benxoate gives on pyrolysis la,Sa-Dihydro-a-guaiene 
(XVIIa; Rt 4.3’) in 97% purity, containing only traces of XIa (Rt 5.9’). Hydro- 
genation of XVIIa affords pure la,5zguaiane (XVIIIa, 98 % pure; Rt 3.65’). 

l/I,5,3-Dihydro-a-guaiene, obtained by the pyrolysis of the benxoate of the some- 
what impure dextrorotatory dihydroguaiol, on purification by preparative TLC 

I’ A. S. Gupta and S. Dev, 1. Chromiafq. 12,190 (1963). 
Ib 11. C. Brown and P. A. Tkrncy. J. Am. Chrm. she. 80, 1552 (1958); b H. C. Brown end G. 

Zwcifcl,I. Amer. Chem. Sot. 81,247(1999); *A. D. Wag&S. K. Pdnikar and S. C. Bbttuhyya, 
TemaheoVon 20, 2647 (1964). 
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CHART 5 

affords nearly pure l~,S~~ihydr~a-guaienc (XVIIb; Rt 4.63’). This on hydra- 
genation gives l&S&guaiane (XVIIIb; Rt 28’). 

The stereochemistry of hex~ydr~ehydr~st~ lactone (XIX) is yet unsolvedt7-*’ 
and it was felt that guaiol, the structure and stereochemistry of which has been 
unambi~ou~y established, may prove useful via synthetic routes to throw some 
light on the stereclchemistry of hexahydrodehydrocostus lactone or its isomers, and 
consequently on that of dehydr_stuP lactone (XX) itself. 

WC therefore subjected pure XVIIa, prepared by the pyrolysis of the benxoate of 
the crystalline c~dihydro~ol (Ila) to hydro~~tio~~~dation to obtain ia& 
g&an-12-01 (XXI). Oxidation of this alcohol with Jones chromic acid reagent* 
furnishes the ia5a-gu&an-f2-ai (XXIV) and la,Sa-guaian-l2-oic acid (XXV), the 
former is character&d as its semicarbaxont and the latter as its methyl ester, 

f a,Sz-Guaian-12-01 (XXI), on lead tetraacetate oxidationr~*** in benzene medium, 
furnishes the te~ydrofu~n derivative (XXII). The oxide ring in this compound is 
between Cr, and G; its NMR spectrum, shows triplet around 6.08 7, whereas the 
C&G oxide shotAd have shown a typical &lint pattern.= The coupling of the C, 
proton with protons at C, (J = 10 c/s) and C, (J = 10 c/s), shows the oxide ring to be 
zrans-oriented. Chromic acid oxidation of this oxide affords the dextrorotatory 
Ia&-isomer of hexahydrodehydrocostus Iactone (XXIII). The NMR spectrum of 

%* Y. R Naveq Heiv. C&n. Acta 3X.1172 (1948). 
Ia M. Roamhk, V. Haout and F. swm, CM. Czech. Ckm. Cmmt. 21.8% (19Hi). 
‘* S. B. Mathur, S. V. Hiremath, 0. H. Kulkami, G. R. Kelkar and S. C. Bhatudtaryya and in pmt 

by D. Simonovic and A. S. Rae, Terrohrdim 21,395 (l%R. 
m A. Bomn, T. G. Hahall, E. R. H. Jones and (in part) A. J. Leo&t, J. Chmt. .Sm. 2548 (1953). 
” V. M. MifoviE, R. MamtiC, D. JenmiC JIM M. Lj. Nibil~tiC, Tetrrrivdot~ 20.2279 (1964). 
n R. 3. Bates, V. Fmdhks and 2. &mu, T~mhm?v~ &mrs No. 14,877 (1963). 
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Fro. 1. la,Sa-Hcxahydrodchydrocostus lactonc (XXIII). 

this lactone also is in agreement with tbc stmoformula assigned to it. It is however 
different from hexahydrodehydrocostus lactone obtained by the hydrogenation of 
dehydrocostus lactone. 

EXPERIMENTAL 

All mps and bps arc unarrrcct&. B&t refer to bath tanp unless otharw& stated. Rotations 
(in chf solns. fR (solids in nujol and liquids as liquid Blms); Perkin-Elmer Infraaxd sIxx%ophotom- 
eta, Modal 1378). UV (lB&mm IX-2 ratio-mrding qsc&opbtoW in the spaarosrxrpy 
se&on of our laboratory). GLC analyses (GriIIin and George apparatus MK II-A Model, operating 
under pru~urc on 64 polyester and carbowax columns using H, at a flow rate of 75 ml/mm). NMR 
(in CC4 solns using TMS as the internal ref.). Microanalyses (in our Miuoanalytical section). 
Anhydrous Na&SG, was used for drying. 

Pu$cdon of p&l (r). Guacum wood oil (supplitd by Industrial Pt+uma&RBF* Bombay; 
and Fritmchc Bras. Inc.,* New York) was fractionally distiltaf and the fmctioas, b.p. 9[)-1w 
(actual)/@1 mm wars mixed and crystallized from pat. ether or pmfsrably from Bootone at -15’ 
m.p. 89-90”. (ah -41” (e, 3.5). GLC single peak, TLC single spot; ~~~ 3400,1155,1140,885 and 
826; UV e;&t 6840. (Found: C, 80.63; H, 11.73. C&I,,0 rsquiru: C, 81@2; H, 1179%.) 

Re&drution ofgvolor with H&SO,. Guaiol(2 g) was heated with H,SO, (25 %; 3 ml) at loo” for 
9 hr. The product was cookd, diluted with water and extra&xl with pet. ether. The extract was 
washed succmsivcly with water, satd NaHCG,aq and water till neutral and dried, The solvents was 
removed and the ruiduc freed from more polar components by filtration over neutral alumina 
(gr. I, SO g). The pet. ether &ate fumished a hydrcxxrbon mixture (l-4 g>, b.p. 1 lO_14@/15 mm, 
~$9~ 11.270. IRspcctrum (*mu 164Oand 89O)showcd thcprmcncs of a-guaicne which was c~nfirmal 
by the NMR spectrum (sharp signal at 5.4 T, ETCH& GLC show& the mixture to consist of 
a-guaicnc (HI; Rt 470’; So*&. &uaicne (IV, Rt 5%‘; 12*&and b-guaien~ (VI, Rt 6-50’; 8%). 

LkhyaVation of pabl with formic acti. A mixture of guaiol(4 g) and formic acid (98%; 18 ml) 
was heated at 90” for 3 hr, and the product was poured into water (500 ml) and atranted with ether. 
The extract was washed free of acid, dried, solvent removed and the residue @tared through a column 
of aluminn (gr. I, 100 g) to afford in the pet. ether eluate a hydrocarbon mixture (l-5 g), b.p. lOD-140”/ 
@7 mm, nz l.SOlS. UV: an absorption ~~~ at 2% mi, (6 3740) and end absorption 6&& 
11270. GLC: 3 peaks corresponding to u-guaicna (VII) Rt, 3.31’; 26.b. another hydrocarbon 
(Rt 378’; 34%) and y-guaiene (V: Rt 4.23’ ; 40’4; tnwu of am&m wae aho obtained. Ths total 
mixturt showed bands at 1620,160O and 813 cm-“. 

* We arc vary grateful to tbmc two fifin, for the goncrous gift of guacum wood oil. 
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Act&s ~fper&orie odd on gwrbf. Guaiol (5 g) was dissolved in .&OH (SO ml) and pacbkxk 
acid(20%; 6ml)waaaddoddropwi~ctotluckarsoln. Thccolourchangcdtodarkbrownonaddi- 
tion of the -1. The mixture was (kept at room tanp for 72 hr with rnirring. The dark soln wit 
diluted with w&x, extracted with ctbu, the ethrr layer waahcd free from acid and dried. On runoval 
of the aolvatt and f&ration of the raiduc through alumina (gr. I, 250 g). a mixture of guaioxidc and 
the conjugated diumppunione was obtained. GLC: 2 pc& corresponding to y-guakne (V; Rt 
4.23) and guaioxidc (VIIIa or VIllb; Rt 5%) rupcctivcly. UV: 256 mCc (8 1632); &,a 1016, 
The guaioxidc was further purilkd by rahromatography over neutral alumina (gr. 1,100 g), b.p. 
12&125”/1~5 mm, n$ 14810; [ag -38.2” (c, 346); ~pax 1039, 1015.1000,980,940, 917, 8% 850 
and 806. UV: no end absorptoon. NMR: 99. P+S,999, PI4 t (Me on C, and Ct.); 8.69 and 
884 t (Me on Ci,). (Found: C, 81.34; H, 11.89. C,,H,,O requirea: C. 81.02; H, 11*79%.) 

Polypbphoric acid dchydkation ofguakd. P.0, (7 g) was added to orthophosphoric acid, fmahly 
prepared by heating phosphoric acid (6 g) at 160” for 25 hr and the mixture was heated at 160” for 
3 hr to get a clear vtxous liquid. Guaiol(l*2 gl was added at 100“ and the tcmp was maintained at 
loo” with vigorous stirring. Addition of water and extraction with ether followed by the removal of 
ether and filtration through neutral alumina tgr. I, 20 gl furnished a mixture of hydrocarbons (@6 g) 
which was rcchromatographcd over alumina (gr. I, 25 g). Two fractions were coileczed. The early 
pet. ether fraction (@18 g) on GLC analysis showed peaks corruponding to two unidentified satu- 
rated hydrocarbons (A, Rt l-8’; 5% B, Rt 26’; 46’/;D, c-guaicne (Rt 3.31’; 35%) and xx-guaknc 
(Rt 4.70’; 12’4. The mixture showed IR absorption bands at 1640,897 and 813 cm-i. The later 
pet. ether fractions showed the prcscna of s-guaiazukne, fi- and v-guakna. UV spectrum of the 
total mixture showed bands at 3SO. 280 and 256 W. 

The aiiMtOd hydrocarbon (Rt 26’) could be separated in a pure form by rcchrcmatogmpby of 
the mixture. This did not show any UV absorption even in the end region and no characteristic 
feature in the IR region; b.p. 1~12W/2rnrn, n,, - 14840; Iup -4-49” (c, 3.34). (Found: 
C, 87.64; H, 1264. f&H,, requires: C, 87-30; H, 12.70%) 

Pmpwution of a-g&me. Guaiot (S gl and BzCl(l0 ml) were taken in pyridinc (25 ml) and the 
mixture was kft at room tanp for 36 hr. It was thou warmed on a water bath for 4 hr. The bcnxoate 
was separated by extraction with ether and Btration through alumina (gr. II, 100 g). Elution with 
pet. ether-bcnmne (60:40) furnished the pure benzoate (6 g>, b.p. 18&8S”~lctl mm, no” 1%!32; 
r,..3077,1712,1282,1112,1067,1026,800and714. (Found: C,80-65; H.9.35. C&H,O,requiru: 
C, 80.93; H, P-26%,) 

The benzoatc (5 g) was pyrolyscd at W/l 10 mm and the product purilkd by chromatography 
over neutral alumina (gr. I, 150 g) to afford pure a-guakne (Rt 497(Y; 97.h. b.p. 11&115”/3 mm, 
n: 1.4955; [xc -64.3” (c, 3.1); GLC singk peak; TLC single spot; I~.. 3106.1770,1639 and 887. 
(Found: C, 88.2; H, 12-O. CIIHu requires: C, 88.16; H. 1184x.) 

Hydqvnalion of a-guaiene .I’ To a-guakne (1.8 & dioxanc (20 ml), McGH (5 ml) containing 
0.2 ml of aq NaOH and Rancy Ni (3.5 g) were addad. The mixture w redused by catalytic hydro- 
genation at room temp. Catalyst and the solvent were removed and the residue was extracted with 
ether. The extract was washed with water, dried and, after removal of ether was distilled, b.p, 1% 
fO2/3 mm, 4’ 14880; Ia]: 1198” (c, 4-33); *mu (O-OS mm cell), 870.790 and 710. GLC: 3 peaks 
oorrerponding to a-dihydroguakne (IX: Rt 3.7’; 67.4, unrcactcd a-guaiene (4.7’; lO*h, a-m 
(Rt 5.55’; 3%) and products of double bond isomcriration (Xa and Xb; Rt 67’ and 74; IS*&. 

f~ydrogmrion ofguatol. Guaiol(l6 g) was dissolvui in EtOH (150 ml) and hydrogenated with 
Rancy Ni (8 g) at 100*/100 atm. for 72 hr. The product alter filtration of the catalyst and removal of 
EtOH was distilled to furnish dihydroguaiok (Ila and IIb, 12 g). b.p. (actual) 1 lP-125*/@2 mm, 
[aID - 11.41” (e, 7.3). The mixture was dissolved in acetone (15 ml) and kft overnight at -lS”, 
tiltered. and the solid thus obtained rcaystallimd from acetone to yield la,Sadihydroguaiol (IIa, 
6 g), m.p. 75-76’; [u]n -54.63” (c, 3.62); GLC singk peak, TLC single spot; v-.x 3448. 1130,885 
and 840. (Found: C. 8060; H, 12.65. C,,H,O mquircs: C, 80.29; H. 1258%) The mother 
liquor on fractional distillation gave 1/3,5P_dihydroguaio!. bp. 12&25” (actual)/@2 nun, [a&, +42’ 
(c, 4.9). 

Dehy&at&n of 1~#dLkydkguuio~ (1Ib) with peddoric acid. To a soln of XIb (3 g) in glacial 
AcGH (30 ml), pcrchioric acid (60Yw l-8 ml) was added dropwise and the mixture left at room tamp 
for 72 hr with stirring and then proaxscd as dorcribtd oarher. The product was chromatographed 
over ncutrai alumina (gr. 1. SO gl and elutcd with pet. ether to furnish a mixture of four hydrocubona 
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(2.3 g), b.p. 1 IS-120”/2 mm. n: 14840; [z]: + Wl3” (c, 3.7S). GLC: 4 componcntr with Rt 3.U 
(367’. 452’(4SYa; 4.1’(8%) and 59’(11%) corrtsponding to Xlb, XlIb, XIa and XlIa nqectivcJy; 
I- 1658,840,830,794 and 770. (Found: C, 884; H, 12.7. C,,H” requires: C, 87.30; H, (12*70yW) 
Thir hydrocarbon mixture (1.7 g) was treated with pabanzoic acid (lG8N. 15 ml) at 0” for 16 hr to 
obtain the epoxides (1.6 g). The mixture of epoxid*l was treated with BF,cthcratc (25 ml) at 0” 
for 16 hr. Treatment of the kcton*r with xmicar bazidc hydrochloride and AcOH and roqstallization 
of the sanicarbazoncs from EtOH gave the pure scmicartmzone of XIII (@l g). m.p. 173”. (Found: 
N. 15.47. CI,HYON, requirea: N, 1504%.) 

The scmkarbazom (0955 gl on treatment with oxalic acid (@3 g) in aq EtOH (80%; 20 ml) md 
pet. ether (100 ml) gave XIII. TLC did not reaolvc the product but on GLC it showed two overlapping 
peaks of equal intensity, presumably epimen at C,, b.p. 13%W/@l mm, *me= 1700 (Co). NMR: 
7.98 T (3H. CXMZH,). 8.97 T (3H. Me of C,); 942, 9.05, 9.13 I (6H, Me on C, and C,,). (Found: 
C. 81a; H. 12aS. C&i,,,0 requirea: C, 81M; H. 11*79x.) This ketone on treatment with I, in 
KI and strong alkali gave a yel1owish sediment of CHI,. 

Thenonsunkar &one-forming portion was equilibrated at 100” in alcoholic KOH (DSN, 20 ml), 
but the resultant mixture could not be separated by chromatography. The IR spcc~~~ indicated the 

I 
prcsace of --CH,a grouping (VP.. 1418). 

Dehydration of 1a,Sdih@paibl(IIa) wirhperchloric acid. Compound IIa (2 g) in AcOH (20 ml) 
was mixed with pachloric acid (3 ml) and stirred for 72 hr at room temp. After working up aa 
usual the hydrocarbon obtained was distillai. b.p. 140-W/5 mm. TLC on AgNOt-impregnated 
silica gel (15 %) showed the prcscna of 3 components which was confirmed by GLC analysis. Chroma- 
tography of tbt mixture (1.4 g) OVQ AgNO, impregnated silica gel (15 % ; 45 g) afforded pure 1 a,5a- 
dihydro-&guaiene (XIa, O-4 g) and la,5zdihydro-e-guaienc (XIIa, 03 g). Compound xla had tba 
following properties, Rt 4.1’. b.p. 12&25”/3 mm, nI, o 1.4948; [a]: -S8.88’ (c, 3.6). GLC singb 

ptak, UV c%a 6600. NMR: 8*97,9+S, 9.11.9.2 T (6H, secondary Me’s); 8.33.8.38 T (6H. MO’S on 
double bond). (Found: C. 87.36; H. 12.7. C,,H, requires: C, 87.30; H. 12-70x.) On ozonolysis 
it gave acetone and XV, idcntitkd through its mnc, m.p. 200”. Compound XlIa had the 
following proputica. Rt 5.9’. b.p. l#rlW/3 mm, nz 14830; [a]; -2.9” (c, 3.34). GLC si@ peak 
I..= at 840 and 812. NMR: 8.92,9.12,9.2 T (12H, 4 secondary Me’s), 4.5 T (tripkt lH, C, proton). 
(Found: C, 87.55; H, 12.55. C,,H” requires: C. 87.30; H, 12*70%.) 

Hydroboration o/ 1 z.5a-dihydro-e-guaiene (Xlla). To a THF soln of XIIa (@2S g), diboranc gas 
(II&) was passed for 1 hr at 0” and for further 1 hr at room temp. The reaction was carried out 
in N,. Afkcr working up in the usual manner, the rcsukant alcohol was purifkd by chromatography 
and distilled, b.p. 140”/0-10 mm, nz 14880; [a):’ -10.78’(c, 3.6); GLCsinglcpcak,TLCsingkspot; 
v-.X 3365, 1053, and 1012. NMR: 6.6 T (multiplct. 1H; proton at CJ, 7.65 T (lH, broad singkt 
disappearing on D,O exchange OH) and 9.0.9%. 9.12.9.2 T (superia~poscd sozondary Me’s, 12H). 
(Found: C, 79.89; H, 12.38. CI,HYO requires: C, 8@29; H, 12*58%.) 

la,Sa-Dihy&q&l benzmafc. Compound IIa, (5 g) in pyridine (IS ml) was mixed with B&l 
(10 ml) and the mixture left at room tcmp for 48 hr and then warmed on a water bath for 4 hr. The 
reaction mixture was poured into cold water, cxtractcd with ether and the ether layer succeasiv~ly 
washed with 10% HCI, 5% Na,CO, and water till neutral. The extract on removal of the solvent and 
filtration through a column of neutral alumina (gr. II, 100 g) in the pet. ether-bauene cluata gave the 
mtt (6 9>, b.p. lsCr200/0~5 mm; Imax 3701, 1704. 1598, 1580, 1272, 1111, 1064, 1022, 798 and 
708. (Found: C, 8@35; H, 9.63. C,,H,O,requircs: C, 8044; H. 9.83%.) 

la&-Dihy&o-a-guujenc (XVIIa). la,5a-Dihydroguaiol bcnzoate (5 g) was pyrolyscd at 230” 
(bath)/100 mm during 1 hr. The distillate was fihacd through neutral alumina (gr. I. 100 g) and elutcd 
with pet. ether. The cluate on removal of the solvent WBS refluxcd and distilkd over Na to afford 
XVlla (Rt 43’; 4 g), b.p. 10&1200/2 mm, ns l-4910; [a],” -53.39” (c, 46). GLC singb peak, 
TLC singk spot; vmax 3125, 1786; 1647 and 892 (: C=CH.). (Found: C. 87.34; H, 11.82. CI,Hw 
requires: C, 87.30; H. 12.70x.) 

ffydrqenation of (XVIIa). Compound XVIIa (0.2 g) was hydrogenated in prescna of Adams 
catalyst (@OXI g) in EtOH (10 ml) at atm. press. and room temp. The &duo after fltration of the 
catalyst and evaporation of the solvent, was passed over neutral alumina (gr. I. 10 g). The pet. ether 
eluate afforded (XVIIIa Rt 3.65’). b.p. lW1 lo”/2 mm, nz 1.4751; [ag -38” (c. 2.3) (Found: C, 
86.34; H. 1354. C,,G, requires: C. 8646; H. 13.54x.) 
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Prejmrarion o~l/?,5&dihydro-u-guajene (XVIlb). Compound IIb (1 gl on benwlyation and py~oly- 
sis at 230”/110 mm furnished XVIfb in 60% yield, which was further scparatui by preparative TLC to 
furnish pure XViIb (Rt 4.63’). b.p. loo-llO”/l mm, nD” 1.4902; [a]: -t-63*69” (c, 3.2). GLC single 
peak, TLC single spot. (Found: C. 87.43; H, 12% G,H, requires: C, 87.30; H, 12*70x.) 

Hyakqqenurion o/XVIIb. It was hydrog#lated as described earlier h~rescrxx of Adams catalyst 
inakohol to furnish XVIIIb(Rt 2.8’). b.p. IOS-llo”/2 mm. no” 1.4731; (aID +37*(c, 2.15). Becauseof 
paucity of material compds XVIlb and XVIIIb could not be critically cxamincd. 

Hydroborarion of XVlla IO Ia,Sa-guaiatt-12-01 XXI. Through a soln of lz,5a-dihydro+-guakne 
(5 g) in dry THF (30 ml), diborane gas, prepared from NaBH, (1.5 @ in diglyme (30 ml) and BFr 
etherate (15 ml) in diglyme (1s ml), was passed at 0” for 1 hr and then at room tcmp for further 1 hr. 
The reaction was carried out in an inert atm. The reaction Aark was left overnight. Excess diboranc 
was dcsomposal by careful addition of ice. The mixture was cooled in ice bath, made alkaline with 
10% KOHaq (30 ml) and H,O, (30 ml) was added dropwise during 1 hr. The mixture was left at room 
tcmp for 4 hr. The upper layer was separated. the aqueous layer cxtractcd with ether and the combined 
extracts, washod rcpeatcdly with water and dried. On removal of the solvent, purification through 
~ro~t~phy and d~tiI~;ion gave XXI (3 g). b.p. MO-145”/03 mm, n: 1.4910; [a): -42.04” 
(c. 44); GLCsingle peak, TLCsinglespot; I~.= 3448 and 1031 (hydroxy group). (Found: C,8@87; 
H. 12.81. CIIHUO requires: C, 80.29; H. 12.58x.) 

A&on of Jones reqcnr on XXI. To XXI (O-7 & in acetone (25 ml), Jones reagent (1 ml) was 
added during 5 min. Fxczss reagent was destroyed by McOH and the mixture poured into water and 
extracted with ether. The extract was washed with water, NaHCQaq and finally with water till 
mutral and dried. The solvent was rcmovcd and the scmicarbarone of XXIV was prepared without 
further purification by adding scmicarbazont HCl (O+ g) and AcONa (0.8 g) in water (5 ml). The 
sunicarbazonc was crystallized from McOH. m.p. 162 -162.5”. (Found: N, 14.9. C,,HnN,O 
requires: N, 152)4 %.) The scmicarbazone was decomposed with kvuknic acid (5 ml) and HCl(1 ml) 
in EtOH (2 ml) and pet. ether (SO ml), kaping at rcffux for 6 hr to yield XXIV, b.p. 120-135’/@1 mm, 
nu” 14830; [ZJD -35+391 (c, 348); s*=,~ 2700 and 1750 (saturated aldchyde C 0). 

The bicarbonate layer was acidified and extracted with ether. The extract was washed free of acid 
with water, dried and the ether removed. The residue was disrilkd to obtain la&guaian-12-oic 
acid (XXV), b.p. 1~-14~~~S mm nz 14880; (alD -52” (c, 2-73;) pm*= 1695 (carboxyl). (Found: 
C. 75.58; H, 11.00. C,,H,O, requires: C, 75.48; H, 1045 x.1 The acid was cstcrifkd with cthcrcal 
soln of diazorncthanc to yield the methyl ester, b.p. 14&14S”/@l mm. GLC single peak, TLC singla 
spot; Y,,~= 1724. 1149 and 1053 (ester >C=&). 

Leadtctra-ace~ure oxidation of XXI. Compound XXI (2.4 g) in dry benzene (75 ml) was taken in a 
RB flask fitted with a rctlux condcnscr and Hg scaled stirrer and (AcO),Pb (3.5 9, was addcd. The 
mixture was rdluxcd with stirring on a water bath for 2 hr in N, atm. The cool& reaction mixture 
was filtered, the ppt washed thoroughly with benzene and the combined filtrate washed with water, 
NaCO,aq and finally with water till neutral. After drying the filtrate, the solvent was removed and the 
residue passed through neutral alum& (gr. II, 50 g) and elutcd with pet. cthcr. Removal of the solvent 
gave the oxide with some acFtate as impurity. Saponification, followed by filtration through 
alumina (gr. I, 30 @afforded the pure oxide (XXII; 1 @, b.p. 12&125”/2 mm, n: 1.4885; [a]: +20” 
(c, 2.8); GLC single peak; TLC singk spot. vrnax I055 and 1031. NMR: 6.08 7 (1H. triplet; 
proton nt C,); 6.7 T (ZII, multiplet; CH,--Q); 8.96; 9+3; 9.11 f (9H, 3 secondary MC’S). (Found: 
C. 81.34; H, 1 l-6 C,,HWO requires: C. 81-02; Ii, 1 t.79%.) 

Chromk acid oxiaitrion of XXII to la,Sz-hexuhy&ocosrus locrone (XXIII). To a soln of XXII 
(1 g) in A&H (30 ml) at 0”. 00, soln (1.5 g) in water (5 ml) was added dropwise in 10 min. The 
reaction mixture was kept at room tcmp for 48 hr. The product was poured into excess water, 
atractcd with ether. washed with NaHCOI (5*/a and water. After removal of ether, from the dried 
extract, the residue was filtered through neutral alumina (gr. II. 10 3. The pet. ether eluatc gave the 
unrcactcd oxide. The benzene cluate furnished XXIII (0950 g), b.p. 18fS18S0/@05 mm, n$ 1.4985; 
[al; !.76,19’ (c. 2.1); P,,,.~ 1770 (y-lactone); 1220, 1198, 1036. 985 and 755. NMR: 5.9 T (lH, 
tripkt. proton at C.), 8.9.90. 9.1 T (9H, 3 sozondary Me’s). (Found: C, 76.45; H. 10.33. C,JI,,O, 
rcquirs: C. 76.22; if, 10.24%.) 
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