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THE STEROLS OF PINE BARK* 

JORN W. Rown 

Forest Products Laboratory,? Forest Service, U.S. Department of Agriculture, Madison, wi!xxm& 53705 

(Received 30 Jidy 1964) 

Ahunau-The stcrols of sevelal pine barks have been shown to consist predoRlhlantlyof /3-sitosterolwlth 
about one-tenth as much camLf#lterol. The presence of traces of various dihydrostenols, cholasterol, ai- 
sitosterol, triterpenoids, d3*Swen-7-one, &&igmasten-3-one, and 7&eto+&osterol wan indica- 
ted. Possible biosynthetic interrelationships are diwwsed. 

DURING a survey being made at the U.S. Forest Products Laboratory on the benzene extra0 
tives of pine barks, we had occasion to examine the sterols from the barks of jack pine 
(P2ru.r bank&ma Lamb.), lodgepole pine (P. contorta DougI.),* sugar pine (P. hmbertiana 
Do@.), and loblolly pine (P. taeda L.). The sterols were precipitated from the unsapotiable 
fraction of the benzene extract with digitonin and then carefully chromatographed. The 
results are shown in Table 1. As expected, the major sterol is @itosterol (d%+tigmasten- 
3fJsl Z~~~ylcholes~ol). 24 This sterol has been often reported in this genus and in tall 
02,~ and indeed, appears to be ubiquitous in higher plants6 It occurs free, as esters of various 
fatty and aromatic acids, and as glycosides. 

Pure /I-sitosterol has been obtained only recently.’ It is now recognixed that all previous 

l previous paper in this &: J. W. ROWE and J. H. sQcoooeJs, “Benzene extra&w of Lodgepole 
pine bark. Isolation of new diterpones.” J. Org. C&m. 29,lSs (1964). 

t Maintained at Madisorl, wis., in co-olnxation with the unlvemity of wisamshl. 
’ J. W. Row and J. H. Scxmm J. Org. Ckem. 29,1554 (1964). 
2 Reprexntatlona of the stigmastane skeleton which assign a Xfl ofientation to the ethyl group have been 

shown to be incorrect. Y. WA, Ckm. Pkarm. Bull. (Tokyo) 8,357 (1960); IC. Tstm& R H,i~msu and 
Y.~~,cAvnr~Znd(lortlkur)l411(1959);Y.~~Chcm.&Znd.(Lonrlon)).465(1%o);K.T~~ 
Y. Kxsziw~ and R ~YAATSU, J. Am. Ckm. Sot. 43396 (1960). TIms campesterol and & sitosterol have 
the same a orientation at CX24). and this is opposite to that of ergosterol and bmsGcasterol.3 See also 
Ref. 9c in which the 6terewhe&stry at 24 is p&&en for spinasterol(67~ ZLstigma~tadien-3jj-ol)~ 

3 It should be noted that although W. mom. Cowwat&e Z#tochcmzshy. Vol. IIIA (-Edited by M. 
F~ORKIN and H. S. rdASON), pp. 114-115, A&ic &, New York (l&Q), correctly~ states that /3- 
sitosterol is 24a+thylcholesterol, campeaterol, in contrast to most a+oritiea, ls listed as 24p-metbyl- 
CholesteroL Howver, the ilhwtxations show just the opposite ste- due to Btrgmann’s incorrect 
as&went of the stereochemi&ry of the 20-methyl group.40 See also w. Br!RGMANN, “The plant Sterols” 
in m Revfcw of Phi Pkysto~y, Vol. 4, edited by D. I. hNi?N), p. 383, Annual Reviews, Inc., 
Stanford calif. (1953). 

’ L.F& E and M. m, Srctoidr, Reinhold Publishing Co., New York (1959), (a) pp. 337-340, (b) 

5 See i&e; l&ings under “Sterols” in J. Wm Tall Oil. Bibliographic Series No. 133-135, 3rd Ed., 
InstiMe of Paper C&m&y, Appluon. Wis. (1959). 

6For generxsl r&&ewes on plant steroids, and esp&dly @-sito&eroll, see W. m, Konstifuth md 
Vorkommea dcr o~~ck~ Efpcnzmstoffe, pp. 844462, Birkhauser Verlag, Base1 (1958); A. STOU and 
E. JUCKER, Modem M&i& of PImrf A&y&s, (Edital by K. Pm and M. V. wc=v), Vol. III, 
pp. 141-176, Springer-Verlag, Berlin (1955); E. I&wxww, “Biochemhtry of Plant Steroids”, in AM& 
Review of Pkmf Physiology, (Edited by L. I+Qm and W. R. ~00s). Vol. 14. Annual Review Inc., 
Palo Alto, 1963; and referenas 3, ti, 12a. 15.23. 

7 3. A. Sm and E. Moewrm, J. Org. Ckem. 28,571(1%3). 
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@itosterol preparations contained 5-31 per cent of campesterol (74=-methylcholesterol) 
which cannot be removed by the usual procedures. but is readily separated on gas chrome- 
tography.” We have observed that all of our /?-sitosterol preparations from pine barks 
likewise show the presence of a major impurity on gas chromatograph) \\hose retention time 
is identical to that of authentic cumpesterol. The recent \ugge~tlon”” that the impurity might 
instead be 22-dihydrobrassicasterol \\as based upon the \\rong rtereochemi,tr> for the 
stigmastone skeleton. 

TXRLF 1. PIM Bmh \IFROL\ 

‘I,, s1rrolc ,--.- 
Percent composition 

________ _ _- 
Bark in bcnrcne j-I-Sno- Campe- rq-Sito- 

( ‘I‘, benzene cutract) extract arol sterol 4terol OTI~IZL~ ,J-sitoztrtol’ Other 

A B c 
Lodgepole pinet (18.7) 3.Y 73 5 4 2 II 1 _- 
Loblolly pine (4.6) 3.X 68 7 4 j . Ir: I$ pinusenedtol 

I cholesterol 
Sugar pine (2.1)+ 50 63 c) - 0’ -- _ 
Jack pine (4.2) 1.0 60 h 4 3. 01 -- 5 pinusencdto! 

1 cholesterol 
5 dthydroster& 
0.5 mcthoxl- 

trltcrpcnol 

- __ _-_ 

* A = 7-keto-/I-sito,terol. B = J 1 ‘-stigtnastudtcn-7-one, C =;l~-stigmnstcn-3-one‘ 
+ Chloroform cxt wt. 

As Bergmann .1 has observed. primitive living systems. such as sponges and coelenterates. 
are characterized by the presence of a large variety of different sterols. including chole!&r,jl. 
At higher levels of animal evolution. other sterols disappear and cholesterol rises to ~1 
increasingly dominant position until it has become the principal sterol of the bertebratc. 
However, thevast bulk of plant sterols carry substitucntsatC(24) in the side chain. Primitilc 
plants. such as fungi, lichens, and certain algae. produce preferentially the 2-I-methyl or 
methylene derivatives of cholesterol. Among higher plants. the X-ethyl or eththdenr 
derivatives are most conspicuou\. especially @itosterol. The role of r3-sitosterol i, largeI! 
unknown: it mu): hahe ;L function in cell ~a11 permeability. 

That lanostcrol (-I.4.14-trimethyl-4H~‘J-cholestadien-3/?-ol) 1s the biogenetic prccurx)r 
of ,%itosterol is supported by tracer studies using labeled mekalonic acid.l”. ‘I It ha\ been 
shown that the 24x-ethyl group is introduced via ;I double methylntlon.’ which probnbl! 
converts the unsubstitutcd LI’~ side chain tirst to the 2-l-mcthylcne deri,ati\e and then 10 the 
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24ethylidene derivative, which upon reduction gives the saturated side chain as in@sitosterol, 
or its isomer, clionasterol(24/3-ethylcholesterol, dS-poriferasten-3&ol).lZk~ l3 This probably 
involves a methylating agent, such as S-adenosylmethionine.14 These methylations may well 
occur before removal of all of the three extra angular methyl groups in lanosterol. A number 
of tetracyclic 24methylene and 24-ethylidene steroids and triterpenoids which still contain 
one or more of these angular methyl groups are found in nature.3o 4bg 5* 12s is* l6 In the column 
chromatograms of the pine barks sterols, small amounts of high-melting fractions, believed 
to be triterpenoids, were observed in all cases. Gas chromatograms indicated the presence 
of a compound with the same retention time as authentic ori-sitosterol(4a-methyl-d’* 24(2s)- 
stigmastadien-3/3-ol)16 in the sterols from lodgepole, jack, and loblolly pine barks. This 
compound, which is also reported in P. demipOra F. and Z.,l’ is probably either a biogenetic 
intermediate between lanosterol and @itosterol, or closely related to such an intermediate. 
These biosynthetic interrelationships postulated are illustrated in Fig. 1. 

The presence of a minor peak, with the retention time of cholesterol, in the gas chromato- 
grams of the crude loblolly and jack pine sterols, is interesting. Cholesterol has been reported 
only occasionally in higher plants.“~ l** l9 That cholesterol may be a direct precursor of 
fi-sitosterol is not considered biosynthetically probable. Biological alkylation of an unacti- 
vated, saturated carbon atom is unlikely, whereas alkylation of a double bond is quite 
acceptable. Thus cholesterol and ,%sitosterol both undoubtedly arise from lanosterol as a 
common intermediate. Reduction of the unsubstituted side chain, perhaps by the same 
enzyme that reduces the 24ethylidene side chain, as in fucosterol,‘*’ would thus prevent 
alelation and lead to cholesterol as the end product. Likewise, reduction of the 24methylene 
side chain before the second alkylation would lead to campesterol as the end product. The 
presence of small amounts of cholesterol and campesterol in pine bark sterols may perhaps 
be due to a lack of specificity of the hydrogenase. This agrees with the suggestion that in 
older genera, such as Pinus, the enzymes seem to be less specific and families of closely related 
compounds occur; e.g., the various monoterpenes and diterpene resin acids in pine oleoresin, 
and the polyphenols in pine heartwood extractives.*O 

Since stigmastan-3gol is normally present in small amounts in most &sitosterol prepara- 
tions,lZO including those from P. &e&is L.,*l P. den~ipora,‘~ and tall oil,** the purified 
sterols from jack pine bark were oxidized and chromatographed to yield 5 per cent of stig- 
mastan-3-one,12’ in addition to the major products, d4-stigmasten-3-one,1Zd and destig- 

12 F. RADT, Elwvier’s Ency&pae& of Organic Chemistry, Vol. 14, Ehevier Publishing Co., New York 
(1954 L 1959): pp. (a) 1780-1828s. (b) 26829, (c) 1595s. (d) 24679, (e) 2424s, Cn 2696s, (g) 2454s. (h) 2470s. _._. 
(r> 2469% (1) 29135, (k) 18399, (r) 17939, (m) 2420s. 

13 &itosterol has been shown to lx a mixture of campesterol and B-sitosterol rather than the 24-epimer of 
$-sitosterol as formerly believed. M. J. THOMPSON, *. E. ROBBING and G. L. BAKER, Steroids 2,503 (1963). 

14 L. W. PARKS, J. Am. Chem. Sot. SO.2023 (1958). 
1s C. DJERASSI, Biochemistry ofSteroids, (Edited by E. Mo~rmc), Vol. IV, Proc. 4th Int. Congr. Biochem.. 

pp. I-20, Pergamon Press, New York (1959). 
16 K. ScHREIana and G. Oss~e, fiperientfu 19,69 (1%3). 
17 S. Im, Nippon Da&zku Kogaku Kenkyusho Iho, No. 13.114 (1956). 
is D. F. JOHNSON, R. D. Brrwarr and E. HEFI’MANN, S&ace 148.198 (1%3); M. VON AI~DENNL!, K. STIXN- 

PELDER, R. m and K. !Icmumunt, Experientia 19, 178 (1%3). 
19 Charles H. Schaefer, Shell Development Co., Modesto, Calif., informed me that he has identified about 

1 per cent cholesterol in the sterols from Vi&ii pine foliage via retention time of the sterol, trimethylsilyl 
ether, acetate, and dihydrosterol on &as chromatography on NGS, SE-30, and QF-1. 

20 H. E~DTMAN, Pure Appl. Chem. 6,679 (1963). 
21 K. PAJARI, Ann. Acad. Sci. Fetmicae, 59A, 7 (1942) ; Fette u. Seiifen, 50,506 (1943). 
22 D. H. R. BARTON and E. R. H. JONES, J. Chem. Sot. 599 (1943); T. ENKVIST, Svensk Pupperstidn. 50.351 

(1947); T. Hrss~rsrrcoa~. Paper Trade J. 128, No. 7, 17 (1949). 
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The sterols of pine bark 5 

mastene-3,6dione.12’~23 In a parallel determination, the crude sterol acetates from jack 
pine bark were oxidixed with osmium tetroxide to yield 3ga&oxy-5a,6a-dihydroxy-stig- 
mastane as the major component, together with a fraction enriched in stigmastan3&yl 
acetate. This was then further oxidized with chromic acid to yield a small amount of the 
saturated acetates. Gas chromatography indicated that these also contained 8 per cent of 
campestan-3@-yl acetate and 0.9 per cent of cholestan-3gyl acetate. The fact that these three 
saturated sterols are present in only trace amounts, and occur in approximately the same 
ratio as the parent d5 sterols, may perhaps be again due to poor specificity of the hydro- 
genase which reduces the side chain. If so, these saturated sterols would then be metabolic 
errors. 

The new triterpene, pinusenediol, which had been previously isolated from the hexane- 
insoluble terpenoids of jack pine bark,” was found in appreciable quantities in the sterols of 
loblolly and jack pine bark.* Another high-melting compound isolated from the sterols of 
jack pine bark appeared to be a methoxytriterpenol, perhaps related to a monomethyl ether 
of pinusenediol.25 

No trace of stigmasterol(24a&hyl-d 5s 22-cholestadien-3&ol; d X2 2-stigm&adien-3/3-ol) 
could be detected in any of the pine barks, and indeed, it has not been reported in the genus 
Pinus. None of the gas chromatograms of the crude sterols showed any indication of a peak 
between campesterol and @itosterol where stigmasterol is observed to appear, and none of 
the i.r. spectra showed any indication of a band at 975 cm-’ as expected for a tram disub- 
stituted double bond.26 The absence of stigmasterol is not surprising, however, since it has 
recently been shown that its biosynthesis is probably from /I-sitosterol by &hydrogenation 
(see Fig. 1).11e27 Apparently, this older genus has not yet acquired this dehydrogenase. 

Several fractions isolated from the chromatograms of the sterols gave indications of 
containing small amounts of oxidation products of /3-sitosterol. Although these were not 
obtained pure, their positions in the chromatogram, together with i.r. and U.V. spectra, were 
very suggestive. Thus d4-stigmasten-3-one lsd may well be present in loblolly pine bark. This 
compound was recently reported in the sterol fraction from two tree~.~~ Its occurrence in 
p-sitosterol preparations may be widespread in analogy with the common occurrence of 
traces of d4-cholesten-3-one in cholesterol .lD This could arise via autoxidation at the allylic 
C(4) position, followed by dehydration. Allylic oxidation at C(7) would be expected to 
give 7-keto-@-sitosterol 12fanalogous to the formation of 7-ketocholesterol 1&C on autoxida- 
tion of cholesterol; and indeed, ‘I-keto-Bsitosterol was indicated in lodgepole, jack, and 
loblolly pine barks. This should readily lose water to form d3* %tigmastadien-7-one lZk 

* In an interesting sidelight, Dr. H. L. Hergert, Rayonier, Inc., informed me that he had isolated a minute 
amount of a triterpenediol from longleaf pine (P. palusMs Mill) bark whose m-p., 295”, and infrared spectrum 
were identical to those of pinusenediol. A small samplo of his mother liquors gave us only two spots corres- 
ponding to @itostorol and pinusenediol on thin-layer chromatography. The sample was therefore subjected 
to gas chromatography, which showed it to consist of a trace of cholesterol, 3 per cent campestorol, 42 per cent 
,!l-sitosterol, 3 per cent at-sitosterol, and 38 per cent pimrsenediol. InsutXent material was available for 
further study. 

23 P. CRABBE, E. A. Azwrrr~ and C. Drrrussr, Bell. Sot. C&n. Ee/ges 70,168 (l%l). (Report on many deriva- 
tives of /3+3itosterol.) 

s4 J. W. Row& Abstr. Div. Org. Chem,p. 83Q,l4Oth Meeting, American Chemical Society, Chicago, Ill., 1961. 
25 A similar comnound has been isolated from the hexane-insoluble ternenoids of sugar uine bark J. W. Rowe. 

unpublished r&&s. 
_ _ 

26 J. L. JOHNSON, M. F. Gxosrrc and A. 0. J~NSN, Analyt. Chem. 29,468 (1957). 
27 R. D. BENNBTT, E. H~~TMANN, W. H. hESON, JR, and J. R. BUN, Arch. Biochem. Bophys. 103.74 (1%3). 
2s D. L~vra and I. A. IC~vrr, J. Chem. Sot. 5001(1%3). 
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(tremulone”) analogous to the formation of d3.‘-cholestadicn-7-crnc.“’ p This has been 

iound together with /3-sitosterol in aspen.” and W;LS indicated in sugar. Iodgepolc. and jack 
pine barks. These oxidation products arc probably formed by autokidatite rather than by 

enzymatic processes. and arc thus unlikely to be :tctivel~ intolved in the physiolog) ,It’ pine 

bark. Although ~ut~~~id~ti(~n is to be expected in tree barks. it is :tlw possible that this may 
hitye twurred during isolation of the bark: stcwlb. Certninly those products la&r+ ;i ?/I- 

hydrovyl are more likely to halt: lwcn formed after prwpitrltion \\ith digltonln. 

tXPFRIMEYT4L 

L’nless otheritisc stated. melting point\ were determined in ckrtcuatcd capillaricz m ~1 

copper block and are corrected: optical rotutwns in chloroform with ;I Rudolph model 80 

polarimeter: U.V. spectra in ethanol with a Bechmnn DK-2 recording ratio spcctrometw; 

!.r. qxxtra in KBr \\ith :I B3lrtLAtomic ~prctrophotomcter: itnd NMR <pcctr,t 111 Jcutrrcl- 

~hlorolixm itt 60 mc \\rth tetramethylsll~ne ;I\ un internal ~tcmJ.trJ. i\;uclc:w mlr_cnetic 
resonance spectra wet-r determined by Dr. Donrtfd P. Hollis. Vsri:tn Awx+i;ttes. Palm) :\Itn. 

C,tlif. Column chromatography ws carried out using Woelm ulumina. ncutr;tl. wtn ity I I. 
Ga\ chromatography ~3s carried out on low-loaded column> contamtng G. E. SE-30 

silicone gum rubber at 200 or Ltbwe, in purl by hlr. Robert F. S\\ccn!. :Ippl~cd Science 
Laboratorws. State Collcgc. P;I. Composition N.IS drtcrmincd by normalization ol‘ pe~ak 
.irws. Retention salucs relative to f3-sitosterol for nuthcntic standwdx ;tre 3h follo\v~ Chale\- 

terol. 06; cnmpesterol. 0.X: stigmastrrol. U-9: &sitosterol. 1-I): Irtnrxtr’rt~l. I *O: y,;-\itt)5ter;)l. 

I‘? : pinusenediol. 2.6. 

The sterols \vere all srparatcd by the same general procedure. The unwponifiable fraction 

of the benzene extract (50 g). H hich had sometimes already been treated N ith urea to srprtrate 
n-aliphatics. ~3s retluxed brieflywith a solution of 17gofdigitonin in I I. of95 pcrcrnt ethanol. 
The solution was taken to dryness under vacuum and I I. of benzene added to the residue. 

After refluxingfor I hr. the fine suspension of digitonin and digitonidcs \\ as filtered and Ibushed 

thoroughly \vith benzene. The filtrate ws treated ;L second time wth digitonin rrccwered 

irom the first precipitation) in the same way. 
Solutions of the digitonin precipitotes3” in 200 ml of pyridine were each reAuwd brtefly. 

<ooled. and 2 I. ofether-benzene added \+ith thoruugh shaking. After settling. the supcrnate 

xtas decanted and the gelatmous precipitate ofdigitonin iiltored und thoroughI\ \\sshed wth 

benzene. The ether-henzenc solutions of the stcrols \\erc each \\ashed with dilute xid. 

dilute alhnli. itnd wtcr. nnd the wlvents removed. The first precipitation .gcncrall~ yicldcd 

about 90 per cent of the sterols. 

C~~u~~~teri~at~~~t qi &car Pitx (P. lambertiana) Bar/i Steds 

The crude sterols (5.79 g) were chromutographed on 290 g of alumina. 70 fractions being 

collected. Petroleum ether. benzene. and mixtures of the two cluted 140 mg of a complex 

mixture, which appeared to contain. according to U.V. spectra. n total of 9 mg o~‘_l~.‘-stig- 
mastadien-7-one. 8!md, 276 m+ I’,,, I658 and 1608 cm I. Reported: $,,,, 278 m/r. E 3~.000; 

z” R. A. .~BR~MOWK H and R ci. Mrc ETICH. C do). J. C/wm. 40.2017 (1962). 
“’ A superior method ofcleawng sterotdal digitonidcs WBF recently reported by C ii. Iwuoanw. 1. K;r U; \w t 

and E. Mnw-m,. J. 0r.q. C/wr,r. 27. 1693 f 1962). 
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u,, 1660,1603 cm- 1.2g Benzene: ether 50: 1 then eluted 45 nag of a mixture of alcohols with 
melting points up to 276”, v, 3425 cm-‘, which had only a strong end absorption in the U.V. 
Fractions 20-32 (4.14 g), subsequently eluted with benzene-ether mixtures, were essentially 
Bsitosterol. The more polar fractions eluted after @Stosterol were complex mixtures with 
no characteristic spectral properties, but with melting points as high as 257”. No indication 
ofapeakat)I, 237 rnp for 7-keto-&sitosterol*SJ was observed. 

The center cut of the /!I-sitosterol fractions was recrystallized from ethanol, hexane, and 
methanol for analysis without altering the melting point. A mixed m.p. with authentic 
@itosterol was undepressed, and their U.V. and i.r. spectra were identical. Gas chromatog- 
raphy showed 13 per cent campesterol and 87 per cent #I-sitosterol. M.p. 140-141”; [a]$j 
-32” (c = 1.45). Reported for campesterol-free #%sitosterol: m.p. 139-140”, [aID - 33”.7 
(Found: C, 84.01; H, 12.36. Calc. for C2sHS00: C, 83.99; H, 12.15x.) 

Characterization of Lablolly Pine (P. taeda) Bark Sterols 

The crude sterols on gas chromatography showed peaks for 1 per cent cholesterol, 7 per 
cent campesterol, 70 per cent @itosterol, 4 per cent at-sitosterol, and 12 per cent pinusene- 
diol. 

The crude sterols (l-73 g) were chromatographed on 80 g of alumina. Petroleum ether, 
benzene, mixtures of these two, and benzene-ether mixtures eluted 175 mg of a complex 
mixture, with melting points up to 151”, which appeared to contain a total of 31 mg of 
d4-stigmasten-bone, h,, 242 rnp, v,, 1661 and 1618 cm-t. Reported: & 241 q, t: 
20,OW; v,, 1667 and 1621 cm-r.rX 23 There was no indication of a peak at h, 278 w 
indicative of fi3. %.igmastadien-7-one .29 Fractions 25-30 (1.06 g), eluted with benzene: 
ether 4:1, were essentially /?-sitosterol. Fractions 31-38 (250 mg), eluted with benzene- 
ether and benzene-methanol mixtures, were white crystals, m.p. 288-292”. These showed 
only a high end absorption in the u.v., and an i.r. spectrum and gas chromatogram identical 
to those of pinusenediol. 24 They were crystallized from chIorofo~~~no1 and benzene 
to constant melting point for analysis, m.p. 299-301”, [a]8 -20” (c = l*O), undepressed 
mixed m.p. with pinusenediol, m.p, 300-301”, [a] g -20)” (c =0*9). (Found: C, 8140; H, 
1144. Calc. for C3,,H5cOz: C, 81.39; H, 11*38%.) 

Fractions 39-43 (220 mg) were a complex mixture eluted with more polar solvents, which 
appeared to contain a total of 53 mg of 7-keto-jLsitostero1, A_ 238 ml*, v,_ 1661 cm-*. 
Expected: Amax 237 mp, z 13,000.r2b~~ 

The E)-sitosterol was recrystallixed several times from hexane and methanol to constant 
melting point for analysis, m.p. 1395-I 4O”, [a] g - 30” (c = 1.3). Amixedm.p. withauthentic 
@itosterol was undepressed, and their i.r. and U.V. spectra were identical. Gas chroma- 
tography showed it to consist of 9 per cent campesterol and 91 per cent #I-sitosterol. Found: 
C, 8414; H, 12.15%.) 

Characterization of Jack Pine (F’. bank&ma) Bark Sterols 

The crude sterols were putied by reprecipitation of the digitonides. A gas chromatogram 
showed 1 per cent cholesterol, 6 per cent campesterol, 83 per cent &sitosterol, 4 per cent 
aI-sitosterol, and some pinusenediol. The sterols (6.28 g) were chromatographed on 210 g 
of ahunina. Petroleum ether and mixtures of petroleum ether-benzene eluted 112 mg of a 
complex mixture, which appeared to contain d3~%igmastadien-7-one, h_ 276 w, v- 
1666 and 1597 cm-*, as in sugar pine bark. 



8 JOHN W. Rowr 

Benzene eluted 360 mg from which 30 mg of white crystals. m.p. X5 -239 . were obtained 
with difficulty. The U.V. spectrum showed only an end absorptton. The NMR spectrum 
showed a broad singlet for a single vinylic proton at P J-72: a trrplet dt : 6%. J = 9 c.p.s.. 
for a proton geminal to an equatorial hydroxyi; a triplet at T 7.19. J - .. 2 c.p.5.. for a proton 
geminal to an axial rnethoxyl; a sharp singlet for a mcthoxyl at 7 h,7l; and sexen tertiary 
methyl groups (identical at 60 and 100 mc,) at T 9-04. 9.1 I. 9-15. Y.19. 9.31. 9.25 and 9.34. 
The i.r. spectrum showed L*,,,,,, 3480 cm-r (OH). 1650 and 794 cm -’ ttrisubstituted oletin). 
and 1090 cm-’ (MeO). Gas chromatography gave a relative retcnttnn \:tluc of 2.3 and 
indicated it was not compietely pure 

Fractions 1622 (4.17 g), eluted wrth benzenc:rther %:I. wcrc recr>stallrtcd severul 
times from methanol and hexane for analysis. m.p. 1305-111 . (Y] g -33.5” (c = 11, A 
mixed m.p. with authentic ,%sitosterol IVLIS undepressed. and their U.L. :ml i.r. spectra were 
identical. Gas chromatography showed I 1 per cent campestero! ;tnd X9 per cent ,$-sitostcrol. 
(Found: C, 8+15: H. 1204”;,.) 

The acetate was prepared as usual from acetic anh~dride--p!ridtn~. m.p. 123~5-12J+5 . 
la]g -38.5” It* = I). Reported for nuthcntic campesterol-free ,j-zrtirstcqi acetate: m.p. 
121-122”. [alo -37 .’ A mised m.p. witf? ,&sitosteryl acetate. m.p. 121 5. 132 . prepared 
from soya bean #?-sitosterol was undepre>sed. and the I;.T. spews were <upernnpnsabJc. 

Fractions 26-27 (657 mg) were eluted with methylene cI)IorrJc mrthnnol IOn:l. The 
U.V. spectrum showed X,,, 238 rnp. f 2020. corresponding I$> IO2 rnc af ‘-heto-,~-\ito~terl~l. 
However. this combined fraction when recrystttllized from mcth! law ~kloridc-methanol 
and methylcne chloride-heuane ~~vcral times yielded 3-13 mg o1‘pmu~enc‘drt~l. m.p. X5-393 . 
A mixed m.p. was undepressed. and the NMR. u.v.. and i.r. q1cctr.t. .rnd retrntmn time an 
gns chromatography were identical to those for pinusenediol orrgin;rli> r~r%tted from 111~~ 
hexane-insnlublr: terpenoids of the \ame benzene eltrnct ,>fjscl\ pmc b.trk.-“ 

flSitostcrol(935 mg) from the chromatogram of the jack pme bark \terols was dissolved 
in 70 ml of acetone and oxidized with 0.65 ml of 8 N chromic iicrd.“ ‘ifter 5 mm at room 
temperature. the excess rcagcnt was destroyed with methanol. the re:a&~n mkturr poured 
into water. and the product extracted with benzene in the usual \\a\. The residue was dis- 
solved in alcohoiic sodium hydroxide and allowed to stand 72 hr in the refrrgemtor. Working 
it up in the usual v\ay yielded 656 mg of neutral product. nhlch u:t~ &r;rmatographed on 
33 g of alumina. 

Fractions 10-I 1 (36 mg). eluted with petroleum ether:benzrnc -t 1. were rrcrystallizod 
several times from methylene chloride-methanol for analysis. m.p. I%*?- 159’. [r] $ + 36 
(I? = 0.6). v,, 1719cm-‘. Reportedforstigmastan-3-one: m.p, 156.5-161 . [r]ig ~10-5 ,I-‘: 
The U.V. spectrum exhibited no high intensity absorption. rind the 1.:. spectrum was idrntktl 
to that of an authentic sumpk of stigma\tan-J-one prepared b> _II~LIII~~I)I~~ ll\idation of 
l~~drogenated soya bean ,&sitosttrol. A mixed m.p. with tl~eal~tbentt~ ,,unple. m.p. I K-t59 . 
uas undcpressed. (Found: C, 83.18: H. 12*0-t. Calc. for CI,,HT,,O C. $3 99: H. 13.1.5”,,.) 

Examination of the U.V. spectra of fractions IO- I3 indicated th:rt thc$I’ ccqnaincd .t totltl 
of approximate@ 46 mg of stigmastan3-one. 

Fractions 13 I6 t 183 mg), eluted with petroleum ether: benzen* I i. \\c‘re recrystallized 
several times from msthjlcne chloride-methanol for an,~l~rt%. m p. X5 %i . [Y]E A 71 



The sterok of pine bark 9 

(c=l.O),V_ 1678,1623 cm-‘, h, 240 w, c 17,900. Reported ford4-stigmasten-3-one : m.p. 
83-88”. [a]g +83-86”, v_ 1667,162l cm-‘, &,,, 241 nyl, r17000-20CM01~23 Theuv . . . 
and i.r. spectra were identical with those of an authentic sample of ~4-stigmasten-3-one 
prepared by analogous oxidation of soya bean @itosterol. A mixed m.p. with the authentic 
sample, m.p. 84-85”, was undepressed. (Found: C, 84.56; H, 11.52. Calc. for C29H4sO: 
C, 84.40; H, 11.72 %.) 

The mother liquors from this crystallization showed an additional weak peak, h, 
284 nyl. Expected for d 4e Qigmastadien-3-one: & 285 mc1.l” 

Fractions 19-22 (99 mg), eluted with benzene, were recrysMlized several times from 
methylene chloride-methanol for analysis to yield yellow crystals, m.p. 1725-173”, [a]% 
- 33.5” (c = O-8), v_ 1681, 1605cm-1,h,250~5~,r11,500,r\,315~, 6996. Reported 
for d4-stigmastene-3,6_dione: m.p. 170-172”, [aID -42”, v_ 1686, 1610 cm-‘, & 252 

W, z 12,600, & 320 nor, z 1320.12L23 (Found: C, 81.67; H, 10.77. Calc. for Q9H.,,+02: 
C, 81.63; H, 10.87x.) 

Losses due to formation of acids and polar neutral compounds were parallel in an anal- 
ogous oxidation of soya bean /3-sitosterol, and are probably due to the rapid air oxidation, 
especially in alkaline medium, of saturated and unsaturated steroid ketones.32 

Oxidation of Jack Pine BSitosteryl Acetate 

The sterols from jack pine bark (4.33 g) were acetylated with 100 ml of acetic anhydride: 
pyridine 1: 1, and the product then thoroughly dried in a vacuum. The residue was dissolved 
in 200 ml of ether, and 20 ml of pyridine and 3 g of osmium t&oxide were then added. After 
26 days in the dark at room temperature, the solution was saturated with hydrogen sulfide 
gas. After 15 min the solvents were removed in a vacuum, and the residue dissolved in 
benzene:chloroform then decolorized with active carbon. The dried residue (4.98 g) was 
chromatographed on 100 g alumina which contained a band of powdered silver to remove 
sulfur-containing impurities. 

Fraction 15-22 (1.97 g), eluted with ether and ether-methanol, consisted of white crystals 
of 38-acetoxy-5a,6adihydroxystigmastane, which were recrystallized alternately from 
methanol and hexane to constant melting point for analysis, m.p. 168-169.5”, [a] 2 + 10” 
(c = 1.15). The U.V. spectrum was empty except for a very weak end absorption. No color 
was produced with tetranitromethane. (Found: C, 75.93 ; H, 11.31. Calc. for C31H5404: 
C, 75.87; H, 11.09 %.) 

Fractions l-8 (1.41 g), eluted with petroleum ether, benzene, mixtures of the two, and 
benzene : ether 50 : 1, consisted of a mixture of white crystalline Bsitosteryl acetate and stig- 
mastan-3gyl acetate. This was dissolved in 75 ml of acetic acid, and a solution of 6.2 g of 
chromic acid in 4 ml of water plus 25 ml of glacial acetic acid then slowly added dropwise 
with stirring. After the addition, the solution was heated at 60” for 4 hr, cooled, and the 
excess chromic acid destroyed with methanol. The solution was poured into 1 1. of 1 N 
hydrochloric acid and extracted with benzene as usual to yield 156 mg of neutral product, 
which was chromatographed on 5 g of alumina. Fractions 3-4 of this chromatogram, eluted 
with hexane and petroleum ether : benzene 10 : 1, contained a small amount of white crystalline 
material whose i.r. spectrum was identical to that of authentic stigmastan-3&yl a~~tat.e’~ 
prepared from soya bean Bsitosterol. It showed only a very weak end absorption in the U.V. 
Gas chromatography (1 per cent SE-30 on Gas Chrom P at 210’) showed three peaks whose 

33 B. CAMwpIo, B. PATELLI and R. Saucy, Tetrahedron Letters No. 16,554 (1961). 
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areas in order of elution \\ere 0.9.8.4. and 91 per cent. The elutwn times \\erc identical with 
authentic samples of cholestanyl acetate (16 min). cumpestan>I acetate (33 min\. and stig- 
mastanyl acetate (32 min). respectively. 

Jvore ulidcd in profJf 
Pinuscnediol has been shoun to be identical to the unusual nc\\ tritrrpcne. serratrnediol.‘3 
The double methylation biosynthesis of the ethyl side chain of the phjtosterols has been 

further confirmed b> V. R. Villanueva. et ~1.“” 
Dr. K. Schreiber has kindly run a negative ion molecular mass spectrum of the partly 

purified jack pine bark stcrols. The major peak at I)- I = 4-3 clrrrerpwdr to ,%sJtosterol. 
The major secondary peak at 299 corresponds to campestcrol. Stgmfrcant mintx pcahb uerc 
present at 427.441. and 457 \\ hich could correspond to C_I,,. C?,. and C.:: &w& rcspectivrly. 

A retiourr raised the quc5tion of the possible prcwnce of I;moster~~I. The prrxncc of 
appreciable amounts in the >trrols of j:lck pint bark c;Jn bc ~wludcd ~tnc~’ no Ggnificant 
mass peak is present at l~ - 1 = 425. The peak at 427 cannot be dill> drolanoztcrol (A “--k-L I&- 
trimcthylcholesten-3~-01) because of the lack of a peak at 25.7 min m ;t gas ~hr~~rnato~rarn af 
the methyl ethercZS of the crude sterols. This sho%ed 1 ‘I,, cholestsrol at Z? min. I ‘I(, unknoitn 
at 27.8 min. 10 “” climpcstcrol at 37.7 min (which \vould hate been unrcsol\ cd from traces of 
lanosterol at 38*6 min). 86 o,&sitosterol at 45.8 min. and 2 “(, unkncwx tit 52.9 min. However. 
thin-layer chromatography of the jack pine sterolk on KJeselgel G (Merck). developed \slth 
ligroin (70-80 ): benzene:ethyl acetate 73:10:15 yielded a major spijt for j3-sitosterol- 
campesterol together with four minor spots at O-36. O.%J. I-25. tend I *)I rclrtti%r to /3-sita- 
sterol, and the spot at 1 *Jl i> at the position observed for 4.4-dlmrthyl-?$-hydroxy steroids. 
This could include a 24x-rthyllanodnnol correspondmg to the mrlss pc;lk at I)- 1 -: 457, 

Although the spot at I.35 is at the position observed for 4z-methyl-?B-hydro\y strroldr 
such as a,-ritosterol. thlscompound is now eliminated by the lack ofn m;tss pwh at/J - l-425. 
However. a ~4(28)-dih~dro-~~-~itosterol (p- 1 = 427) woufd bc ckpwtcd to haxc the same 
retention time on grt5 chromatography on SE-30 as aJ+itosterot. and xtwld be mow lrtgicttl 
biogenetically. The minor spots at 0.36 and 0.50 arc probabl) autcwd,ttwn product%. 
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