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preparation of the acetonide VIII) gave 75 mg. of XI1 from 
aqueous ethanol, m.p. 142.5-144.5’ (lit. 141-143.5°,8a 13G- 
138OEb). 
16~-Hydrozy-Z6a-methyZ-1Q-nortestusterone (XIII). Reduc- 

tion of 1.5 g. of XI with lithium and liquid ammonia as 
described above (cf. the preparation of 11) gave a solid 
which crystallized from methylene chloride-methanol to 
give 1.14 g. (7570) of the dihydro product as colorless 
needles, m.p. 183-195”; vmax 1698 and 1669 em.-’ Treatment 
of 500 mg. of the latter with hydrochloric acid in refluxing 
aqueous methanol as described above gave a semicrystalline 
solid which crystallized from acetone-petroleum ether to 
give 400 mg. (847,) of XIII, m.p. 175.5-179”. A sample for 
analysis was recrystallized thrice from acetolie-petroleum 
ether and had m.p. 176-1i9.5”; [a]= + 34”; A,,, 240 mp 
( e  16,800); vmax l670,1618,12ti3,1208, 1130, and 1063 cm.-l 

Anal. Calcd. for ClsHsaOa (304.41): C, 74.96; H, 9.27. 
Found: C, i4.75; H, 9.31. 
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Extrac- 
Sulfite 

In  a previous paper on the neutral extractives of 
a spent sulfite liquor from the commercial ammonia- 
base pulping of peeled mixed aspenwood (Popdus 
tremuloides, P. grandidentata, and P. tucamahaca) 
the finding of esters of long-chain fatty alcohols, 
sterols, glycerol, and phenolic acids with saturated 
and unsaturated long-chain fatty acids and phenolic 
acids together with some of their constituent com- 
ponents mas reported. Studies on crude “neutrals” 
and saponified “neutrals” were reported. The pres- 
ent paper reports additional studies on these same 
materials. 

Re-evaluation of the fatty-acid fraction of the 
original ‘‘neutrals” indicated the presence of myris- 

(1) For paper XI1 of this series, see I. A. Pearl and 1,. R. 
Busche, Tappi,  43, 970 (1960). 

(2) This paper represents a portion of the results obtained 
in the research program Pponsored by the Sulphite Pulp 
Manufacturers’ Research League and conducted for the 
League by The Institute of Paper Chemistry. Arknowledg- 
ment is made by the Institute for permission on the part of 
the League to  publish these results. 

(3) I. A. Pearl and P. F. hlcCoy, J Org. Chem., 26, 550 
(1961). 

tic and lauric acids in addition to the previously 
reported palmitic, stearic, arachidic, behenic, and 
lignoceric saturated fatty acids reported earlier. 
The original “neutrals” mere re-examined for 
phenolic acids, but none could be found hy means 
of paper chromatographic procedures. 

Further studies on the saponification of the pe- 
troleum ether-soluble “neutrals” with both N and 2N 
ethanolic potassium hydroxide were made. Lauric 
and capric acids were found in addition to pre- 
viously reported saturated fatty acids. The pres- 
ence of CZ2, CZ4, CZ5, and long-chain saturated 
fatty alcohols was indicated by the high-tempera- 
ture reverse-phase chromatographic procedure of 
Fiker and Hajek4 and confirmed by low-tempera- 
ture reverse-phase chromatography of p-phenylazo- 
benzoic acid esters of the mixed alcohols. 

Even after saponification with strong ethanolic 
alkali, the “neutral” fraction obtained by continu- 
ous extraction with ether or ethyl acetate contained 
substantial amounts of acidic materials. Linoleic, 
oleic, arachidonic, lauric, and capric acids in addi- 
tion to two unidentified unsaturated fatty acids 
were found in the mother liquors from the crystal- 
lization of the long-chain fatty alcohols in these 
“neutral” fractions. Thus, it is apparent again that 
the so-called “neutral” fraction obtained by extrac- 
tion of an alkaline saponification mixture with an 
immiscible solvent may actually contain acidic 
materials in the form of fatty acids. Although the 
distribution coefficient of these fatty acid com- 
pounds between aqueous alkaline solution and 
ethyl acetate or ether is in favor of the aqueous 
alkaline solution, continuous extraction with the 
immiscible solvent will remove a portion of these 
acids. 

The acids and phcnols fraction obtained after 
saponification of the original “neutrals” was found 
to  contain substantial amounts of vanillic, syringic, 
p-hydroxybenzoic, and fcrulic acids in addition to 
several unidentified phenolic acids. Thus, it appears 
that the extractives of the mixed aspens employed 
in the original sulfite cook contain esters of fatty 
acids with all of these phenolic acids, and that the 
ester linkage is between the carboxyl group of the 
fatty acids and the phenolic group of the phenolic 
acids. Furthermore, the carboxyl groups of the 
phenolic acids must be esterified with aliphatic 
long-chain alcohols. Apparently, these esters are 
hydrolyzed to a certain extent during the sulfite 
cook because all the same products were found free 
in the ether extractives of the original liquor before 
saponificati~n,~ but some pass through the sulfite 
cook and can be hydrolyzed only by subsequent 
saponification with strong alkali. 

(4) S. Fiker and V. Hajek, Chem. Listy, 52, 549 (1958). 
( 5 )  I. A. Pearl and D, L, Beyer, J .  Org. Chem., 26, 546 

(1961). 



EXPERMEY’TAL~ 

.I dtlitiottul s t u d i e s  on original “rrrirlrul” Jrudiork. The 1C;] 
acetic acid in (35% ethanol eluat,e of tjhe alumina column 
chromatogram of this fraction noted earlier3was submitted to 
reverse-phase chromatography on mineral oil-t,reated paper 
at :IT” with “perac:itl” d e ~ e l o p r r . ~  In addition to the CIR to 
Cpi saturated filtt!. acids reported earlier3 this frwtion con- 
tained myrktic and laiiric acids (sitti R ,  valiies of 0.65 and 
0.8’L, respectively. 

Addiiiorial s l i r d i e s  o)/ wwpor i i j i ah le s  .front peholertrrr ether- 
soluble “nertlral” , f r t rd io r i .  This fract.ion \vas tmiled with 
methanol m d  filt,csrcd hot as de ihed c:urlirr.3 Thr  filtrate 
deposited ht~sacos:inol melting 78” upon cooling. The 
hexacosanol \vas tiltcretl, :tnd th(, filtrate was coolrd to -70“. 
The crystal$ whirh separated were filtered and chroma- 
tographed reverse-phasr :tt 37” on mineral oil-impregnated 
paper \vith 85‘;; arrtic acid. The chromatograms indicated 
the presence of C?ti and higher long-chain fatty alcohols. KO 
individual spots were apparc’nt., hiit, t,hr spot for long-chain 
fatty alcohols :ippe:trrd iis :i contiririoris spot from the ori- 
gin to /if 0.:H, th(8 R,. for thv ( ‘Yh  ;tlcohol. 1nfr:irc.d spectra 
of this crystallinc~ iixttc~rial iiidic.:ttcd onl). long-ch:iiii fatty 
:ilrohols. 

The nic~th:\noI filtr:ctc froin t l l r  rrysl:ilIiz:itioii :it -70” 
w t s  c.hroiuntograI)hc.tl rwt~rsc~-phasr in thr: s:inic: nxmier. 
Thr, chromRtograins ivvri, c l r i id  :ind scwinrd under Iilt8ra- 
violet light Iwforc~ i i i i d  n f t c r  iodint’ v:tpor I rr.at~intwt and 
c~s:tminr~d t)j. nwitiis of t hi, nwrrilry st:t%i? 1,iiiolric acid ( R ,  
O.(i6), olcaic. acid ( R ,  0.57), :ir:ic.hittoiiic a r i d  ( K ,  0.40), and 
ttvo unitit~rit~ifirrl unsatur:itc~tl :icids with /if’s 0.30 and 0.02 
were found. Itrvc~rse-phases c:hron~;tt,ography with t,he 
“pcmtcid” drveloptxr at, 37’ indivatrd the presencc of laiiric 
acid ( R J  0.8‘2) t i l i d  capric acid (HJ 0.94) in this fraction. 

~I dditional stiirll‘es on cic.ids , f r o n ~  pelroleiopr ether-soluble 
“lzezctral” fradiorb. Chroinstography of the crude fraction on 
\Thatman So. 1 p:ilwr in  1)iitanol~ -2c‘:c :iquc~o11s amnioni:i :ind 
in 10::3:;3 but,:triol-l)yridint,-\\.:itc.r : i i i d  1oc:ition of spots with 
bisdiaaot,ized benzidint,, t1i:rirot i d  p-nitroanilinc., :md Mkulr 
reugent,s as tiescri1)ctl c!nrlitxrg indicta tcvl the presc’ncc’ of 
vanillic, syringic, p-li~dros~l~rnzoic:,  :tiid fwrilic acids. 

The c:riicltb fraction W:IS c~hroniat,ogrx~)l~c~d nlt H coliiinn of 
a1iimin:t and cll\itecl suc:c:cissivrlly Lvith prtrolviiin e thm (b.p. 
G j - - I  IO”) ,  t)r~nzrne, chloroform 9.5 (~ihxnol ,  : I d  1 s‘o :ic:etic: 
acid in 955; ct,h:iiinl as bvforv.“ Ag 
eth:tnol cJlriatc .  contaiiictl :ilniost, thv c.ntircx fraction. Rr- 
verse-phaw c,hroni:ttogricl)tiy \vith “1wr~(- id”  dcvdoper :it :37” 
indicated thv p r t w n ( : ~ ~  of I t t i i rk  : i d  i n  rtddition tn the 
prc.vioiifily rcxpnrtetl acids in this frai’tinn. 

.Idditionnl st iolics oti  thc rir/sapori,;jahles f r o ~ i i  the  saponi- 
ficatioti. of patrolcjrtii nthrr-soltihlc “neutral” ,fraction with 
,strong alkali. The oil tiltrut(. :tnd 1)c~trolc~iim ether washings 
from thc Cn7 alcohol rcport,rti prc~ioiirl!.~ were fvaporatted 
t o  dryness and dissolved in anhydrous ethrr. Fractional crys- 
tallization b ) ~  stepaise conccntratinn and cooling of the ether 
solution yielded several crystalline fractions melting from 77 
to 83”. Infmrcd spectra of all fractions wer(1 cissentially iden- 
tical and indicated only Inrig-chain fatty alcohols. High- 
temperature revcrsr-phase chromatography by the Fiker 
and Hajek4 method indicat’cd the presence of C??, C?r, 
Ca, and C?B long-chain sxt,ur;itcd fatty alcohols. These frac- 
tions were also csiimintvl hy the. riex rwcsrsc,-phase procc- 
dure employing p-pheny1axohrnxoyl vsters of thc alcohols. 

p-Phen~~larobenzoyl  ester c.hromtctoqraphic procedure.  Thv 
c.stprs wvrr  ~ ~ r q x i r c d  I )? .  :\ niodific-ntioii of thv proccd1m of 

(6) All melting points Are uncorrected. Infrared ahiorp- 

(7) 11. A. Buchanan, A n a l .  Chem., 31,1616 (1959). 
18) 11. A .  Buchanan. R. F’. Sinnett, and J. A. Jappe, 

tion spectra were determined by 1Ir. Love11 Sell. 

_ _  
Tuipi ,  42, 578 (1959). ’ 

mon, T n p p i ,  40, 374 (1957). 
(9) I. A .  Pearl, D. L. Beyer, B. Johnson, and S. Wilkin- 

FVoolfolk, Beach, aiid McPhersoii.‘o A mixture of i w x m  p-  
phenylazobenzoyl chloride] known or unknown alcohol, 
and pyridine was boiled under reflux for 4 hr. The red re- 
action mixture was poured with vigorous stirring into a mix- 
ture of ice and saturated sodium bicarbonate solution, and 
the mixture was allowed to stand a short while. The crystal- 
line precipitate was filtered, washed with watcr, and air dried. 

Approximately 100 p g .  of the crystalline ester was spotted 
on Whatman No. 1 paper impregnated with mineral oil (7 
g. of mineral oil dissolved in 100 ml. of ether). The paper was 
developed s i t h  glacial acetic acid saturated with mineral 
oil a t  37” for 15 hr. Compounds appeared as neak orange 
spots in ordinary light, but, under ultraviolet light, the 
compounds gave dark spots against a light background, and 
were discernible even in small concentration. During the 
15hr .  developing time, the solvent front moved off the paper, 
thus precluding the possibility of R ,  determination. Instead, 
mobilities of individual compounds were recorded with ref- 
erence to stearyl (octadecyl) alcohol and are denoted Ryt 
values. The R,t values were determined for the p-phenylaxo- 
benzoyl esters of several authentic long-chain saturated fatty 
alcohols3 as follows: C26, 0.24; Cj4, 0.41; (222, 0.53; CZO, 0.76; 
and 8-sitosterol, 0.42. 

Chromatography of the 77-83‘ melting crystalline frac- 
tions by this procedure confirmed the occurrence of the 
alcohols noted by the Fiker and Hajek procedure. 
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(10) F.  0. Woolfolk, F. E. Beach, and S. P. McPhersori, 
J .  Org. Chem., 20, 391 (1955). 
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By reaction of tetra-0-acetyl-a-D-glucopyranosyl 
chloride with silver nitrate, Skraup and Kremann2 
obtained tetra -0- acetyl- P -  D-glucopyranosyl ni- 
trate, a compound showing a close similarity to the 
corresponding chloride,3 for like the latter it readily 
anomerizes in polar solvents to the CY-D form. 
Tetra-0-acetyl-a-D-glucopyranosyl nitrate itself re- 
sembles the acetylated glucosyl halides in that it 
reacts with methanol under the influence of a 
variety of bases to give methyl tetra-0-acetyl-P-D- 
glucopyranoside4,s and with sodium acetate in 
acetic anhydride to  give penta-O-acetyl-P-D-gluco- 
pyranose.4 
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ORD-2923; technical supervising agency, Ballistic Research 
I,ahoratories, Ahcdeen Proving Ground, Xfd,) betn e ~ r t  
the Office of Ordnance Itesearch of th r  U. S. Army Ordnance, 
Corps and The Ohio Stnte Vniversity Research Foundation 
(project 901). 
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