
Diacetate of I. One hundred sixteen granis of I was coni- 
lined with 100 g. of acetic anhydride and 200 ml. of xylene. 
The acetic acid formed was distilled as an azeotrope with 
xylene, through a 1.5-ft. Vigreux column. The excess anhy- 
dride and xylene \?-ere removed by vacuiim distillation. 
The remaining residue amounted to 137.3 y .  against 143.5 
y .  theoretiral. It was fract,ionnted without it colunin: WL?, 
h i l e d  :it 186-18'3' a t  0.6 mm. n'," 1.5X30. On saponification 
it :issa>.ed 98.1% as the diwetate of I(I1). 

Ana(. Culcd. for C:sH.l&4: C, 77.03; 11, 8,313. Found: 
C, 76.!16; H, 8.2003. 

2 - ( 2 - ~ ~ f e t h y ~ - ~ - p r o p e n ~ j ~ ) - ~ ? - i s o p ~ o p ~ ~ - l , 5 - d i p h e n y l - 1 , 6 -  
pentanedio l  (purified) (111). Foiirty-four granis of I1 was 
saponified x i th  a solution of 22.5 g. of potassium hydroxide 
(857,), 55 ml. of methanol, and 55 ml. of water by refluxing 
under agitation for 8 hr. The reaction product was vooled, 
50 ml. of benzene :tnd 50 ml. of tvnter \\ere added, :ind the 
organic layer was separated a i d  washed ivith successive 
50-ml. portions of water neutral to litmus. T h e  solvent 
was distilled in a va(-iiuni and the reninining residue of 
35.5 g. was fractionated u-ithout a roluinn. 855; boiled a t  
204-206" at 1.1 mm. n'," 3.550 (111). A modified Rast 
method' gave a moleru1:ir weight of 348 against 352 theo- 
retical. 

C, 81.60; H, 9.20. 
Anal. Calcd. for C24H320:: C, 81.77; H, 9.15. Found: 

RESEARCH IABOR.4 TORIIS OF FRITZSCHE BROTHERS, IXC.  
PORT AUTHORITY HLILDING 
76 XINTH A v n  T E 

S E T V Y O R K I ~ . K . Y .  

16-Hydroxylated Steroids. XVIII.' 
16-Hydroxylated 19-Korandrogens 

Little iiiformatiori is available oil the biological 
effect of C-16-hydroxylation of androgens iii regard 
to t'heir androgenic and protein anabolic actiyities.2 
It, was decided t'herefore to  prepare the C-16- 
hydroxylated derivatives of several 19-norandro- 
._____ 

(1 j Paper XVII, 8. Bernstein, SI. Heller. aiid S. SI. Stolar, 
Chent. & Z n d .  ( L o n d o n ) ,  516 (1961). 

( 2 )  The preparation of both C-16-epimers of 16-hydrosy- 
testosterone has been described. 4 Buteiisiidt, J. Schinidt- 
ThomC, and T. Weiss, Ber., 72B, 417 (19:39), have reported 
on the synthesis of 16-h~~drosytestostero1~1~ i i i  nine steps 
from dehydroisoandrosterone. Although the stereochemistry 
of  thr product was not, discussed, it was pwsuinddy 168- 
liydroxytestosterone. This assigrinierit, OF roiifigurirtion 
follows from an  analogous scat of tr;tiisforniat ions kiiown to 
~i roduce  the methyl c,ther of 16-cyiestriol i r i  \vhivh thr  
('- 16, aiid 1 7-hydros~~l  groups art' r i s  t,o cwh of hvr and 8. 
In this cwnnection, see 11. N. Huti'mm and H. H. I)arh>.. 
J .  -t)i!. ('hem. Soc., 66, 150 (IO44'i, and .\I. S. Hiiffnim 
aiid 11. H. Lott,, .J. &4m. ('heni. Soc., 69, I835 ( l ! l47);  75, 
4327 (1953). 

The 1Ba-hydroxy epimer has beiari prepared bjz niicru- 
biological hydroxylation of testost,erone with Streptomyces 
roseochrotnogenus [J. Fried, D. Perlman, A. F. Langlykke, 
and E. 0. Titus, U. 9. Patent 2,855,410 (October i ,  195811, 
and IIV :an elaboratr synthesis from met,hyl 3fi-hydrosJ.- 
16,17-seco-.i-:tridro~t~~iic.-I~i, l 7 - r l i o : t t ~  [\I-. .J. \d:i i i ib, I ). li. 
h i e l ,  \'. Pctrow :i i i ( l  1. .I. Stu:trt-\I-cbli, . J .  f . ' h o / i .  So?., 
2!17 ( J  DS;  j ]  . 

gens, in particular, the 16~~-hydroxy derivat>ives of 
19-nortesttost,erone aiid 17cr-methyl-19-nortestos- 
t erone. 

The synthesis of l(j,-h?.(ll.(~Jsv-19-llorteS( ost,eroiie 
(11) was readily accomplisllcd tis follo~i-s. T 
monomethyl ether (I) 3 011 Birch reduction nccord- 
iiig to the procedure of IYiIds and S(ilsoii4 f o l l o ~ v ( d  
by treatinent' of t,he iiit wniedinte dihydro procl1ict 
with hydrochloric acid i~~flusiiig nwt h:iuol g:ive 
t8he desired lea-hydro 1!~-l~ortc~st0stcrolie ( 1 1 ) . 5  

16a - Hydroxy - 17a - thy1 - 18 -nortest ostcroiit: 
(VII) was synthesized iii the follo\viug inariiier. :J- 
Nethoxy-1,3,5( lO),lCi-e t i  et rucii-17-ol :lc.etntr 

was t r e a t d  with perlxiizoic :wit1 i i i  bcwzcnv 
followed by a inisturc of g1ac:i:il acetic arid nntl per- 
chloric acid to gi1.t: in 4.57; yield lCia-:icetosy-:b 
methoxy-l,3,5( 10)-est i:ttricii-li-oiie (I17). Rea(.- 
tion of the latter with met hylmagnesium tmmide 
afforded a misturc of diols, 1 (ja,17fi-dihydiosy- 
3-methoxy-17a-met hyl-1 , X , > (  lO)-esti~atric~ne (I7) 
(38YG yield) aiid I (j,,1'Ta-dihyytlrc)sy-:2-methos~- 
17P-met,hyl-1,3,~(10j-~~st rutriciiic (YI) (47% yield). 
While C-17-ketones unsubstit ut ed at  C-1 6 uiidergo 
iiucleophilic attack Tvit h the entrriiig group coming 
in from the rear or a-faw,: thr>  formation of V and 
VI in approximatcly equal aniouiit s iiidicates t'hat 
t'he orient,irig effevt of the ('-1 ::-methyl group is 
considerably altered by thr: piwcncae of R 16a- 
acetoxy group. Tht l  i.tercwrheinistry of thc two 
diols V aiid YI is supportcd hy their mode of for- 
inat'ioii and by the fact that, V I  forins ai1 :wetonidc 
derivat>ive VI11 whilc 1: uiidci. t h e  sun(' conditiolis 
is recovered uiwhangrd. 

In order to  cxclud(1 thtl possibility that, the ria- 
diol had not :wisen from IV cia init,ial att:icak of tho 
Grignard reagent oil thr cstrr carhoiiyl f o l l o \ v d  by 
rearrangement of thtl i n t e r m d a t e  keto1 to the 
more stable3a 1 78-hvdi,oxy-:3-rrirthos~-l,:S,.i( 10)- 
e~t~ratrien-16-one (S) :111(3 subsequent attack at  C- 
16 to give the isomeric. diol S I I 8  thc latter \ v ~ i s  p r ~ -  
pared for comparisoii \vi t ,h  VI,  The has(. c:atalyzcktl 
rearrangement of 11- ;tcrording to the proc~tlure of 
Leeds, Fukushimil, and (iallagher3" :ifforded X in 

yield. Thc lattt>r wis trtziterl with nicthyl- 
magnesium hromitlc t o  gi YP 1 (ip, 1 ip-tlihpth.osy-3- 

pub1ic:Ltioii. 
(6) IT. S. Johnson :tiid IV. F, Jolins, ./. A j u .  C'licm. Soc., 

79, 2005 (1957). 
(7) L. F. Fieser : t i i d  11. E'icser. Steroid,?. Iteinhold P I I ~  

lishing C'orp., Xew l-orl,. S .  Y., Ilr59, lip. 467-8. 
(8'1 ( : I )  17. .\. '1'1 ti(>r. t - .  P. l '; i l(,itt 2,949,476 (huglist I(i, 

I!X;O); : i i i ( l  ( b )  11. 1IriI.i. I< .  J':ihii(l:t, :d S. \f.:i(l:t, ./. 
I'hnrttL. SOC. J ( I ~ u ( L / L ~  78, SI :i 1 l ! )>S).  



inethoxy-16cu-methyl-l,3,5(10)-estratriene (XI). 
comparison of the physical constants (Table I )  of 
t,he two cis-diols VI and XI and their respective 
acetonides (T’III and XII) shows that they are not 
identical. 

Reduction of the diols Y and lrI with lithium aiid 
liquid ammoilia followed by treatment of th r  inter- 
mediate dihydro compouiid wit’h acid gave 16a- 
hydroxy-17a-met h~l-19-iiortrstosteroiie (T’II) and 
1 cia, 17 a-dihydioxy-l7p-met hy1-19-iior-4-androst en- 
one (IX),  respectively. Similarly t,he diol XI gave 
16@ - hydroxy - 1Ua - iwthyl  - 19 - iiorteRto.~teroiic. 

Rioassci!js.“ The diols I I ,  1-11, IX, a i r d  SI11 in  :I 

iiiodified androgeiiic protei t i  a~iaholi(~ : i . ~ a y ’ ~  ~ v e r o  
Found to have little if any activity ;IS :iiidt~)geiis 
m d  protein aiiabolic agent,<. 

(XII1). 

EXPEKIMERTAL” 

lBoi-H~drox~-l8-~iortestosterone (11). To a solution ruii- 
tnining 1.0 g. of estriol monomethyl ether (I) in 65 nil. of 
tetrahydrofuran was added 80 ml. of liquid ammonia and 
1.05 g. of lithium wire cut into small pieces. The resulting 
solution was stirred for 1 hr. in a Dry Ice-acetone bath, when 
12 ml. of absolute ethanol diluted with 12 ml. of tetrahjdro- 
furan was added dropn.isc, with stirring, over I4 min. Thc 
rooling bath was renioved, :~nd most of the aniiiionia was 
cvaporatcd by warming the reaction mixture in a bath of 
warm water. The reaction mixture was partitioned between 
I50 nil. of ether-niethylene chloride (2:  1 )  and water. Thr 
:.iqueous phase was extracted with 3 X 90 ml. portions of 
rther-niothylene chloride ( 2 :  I). The combined extract 
was imshetl n-ith water and saturated sodium chloride solu- 
tion and evaporated to a semicrystalline solid i n  ~ ~ m / o .  
Tho latter crystal1izc:d from methanol to yield 705 ing. (TO\h) 
of thr> interniediute dihydro derivative, 1 Ga,l7p-~Iihytirox~.- 
:Lmethosy-2,5( 10)-estr;irlic~ne, m.p. 154--162”; Y , , , ; , ~  1700 
:iiid 1675 tin.-' 

(11) All nieltiiig points are uncorrected and, unless noted 
otherwise, were determined on a Kofler hlock. Specific 
rotations arc for chloroform solution at, 35’. The infrared 
sprctr:t werc. deterniined in presscd disks of potassiiiiii 
hro~iiide; the ultraviolet, spectra were nie:tsurt,d i n  n i ( : l l i : ~ i i i J ~ .  

l T i i l t w  noted otherwise, the terui “l)ctroleuiii ctlier” rcfcrs 
tu t l l c  fraction of b.p. 60-TO”. 

.. - __ __ 
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To a solution containing 603 mg. of the latter in 50 nll. of 
methanol was added 2.5 ml. of water and 1.25 ml. of concd. 
hydrochloric acid solution. The resulting solution was heated 
to reflux for 20 min. and neutralized with sodium acetate. 
The reaction mixture was evaporated in vacuo, and the resi- 
due wm partitioned between ether-methylene chloride ( 2 :  I ) 
and water. The organic phase was washed successively with 
5y0 potassium bicarbonate, water, and saturated sodium 
chloride solutions. On evaporation of the extract, an oil 
was obtained which crystallized f rom acetone-petroleum 
ether to give 440 mg. ( i t i%) ,  m.p. 185-187'. A sample for 
analysis w s  recrystallized thrice more from the same sol- 
vents and had m.p. 187-188"; [ f f ] D  + 25"; A,,, 240 mp 
17,000); vmnr 1068, lG23, and 1065 cm.-' (lit.$ m.p. 191- 

Anal. Calcd. for C18H1608 (290.39): C, 74.44; H, 9.03. 
Found: C, 74.42, 74.34; H, 9.35, $).12. 

16a-dcelocy-Y-n~etkoxy-l,S,5( lO)-estralrien-f '7-one (IV). To 
a solution containing 7.05 g. of 3-methoxy-1,3,5( 10),16- 
estratetraen-17-01 acetate (111) in 25 inl. of benzene was 
added 110 ml. of a 0.35 hf solution of perbenzoic acid in 
benzene. The resulting solution was Iet stand 24 hr. a t  
room temperature. The reaction mixture was mashed SIIC- 
cessively with ice-cold 57, sodium hydroxide, water, and 
saturated sodium chloride solutions. The benzene solution 
was evaporated to  a solid in vacuo, and the Iatt,er was dis- 
solved in 90 ml. of glacial acetic acid and treated with a 
solution containing 1.5 ml. of 72% perchloric acid and 8.5 ml. 
of glacial acetic acid. The mixture was let stand 30 min. at 
room temperature and was diluted with 500 ml. of ether and 
washed successively with ice-cold 10% potassium carbonate, 
water, and saturated sodium chloride solutions. The ether 
solution on evaporation gave a red glass which was dissolved 
in benzene and filtered through a 50-g. column of magnesiuni 
silicate to give 4.84 g. of a yellow semicrystalline solid. The 
latter was crystallized from acetone-petroleum ether to 
yield 3.50 g. (45y0), m.p. 15f3-158'. 

An analytical specimen was prepared from the product oh- 
tained in another run, and had m.p. 161.5-162.5'; [ f f ] D  
+13Yo; vmax 1760, 1753,1258(shoulder), 1235and 1223 cm.-l 

Anal .  Calcd. for C21H2604 (342.42): C, 73.66; H, 7.66. 
Found: C, 73.16; 13, 7.78. 

Reaction of 16~~-acetoxy-S-methoxy-l,5,5( lO)-estralrien-l7- 
orie ( IV) with methylmagnesium bromide. A solution con- 
f:iiiiing 3.43 g. of lGa-acetoxy-3-methoxy-1,3,5(10-estra- 
trien-17-one (IV) in 70 ml. of benzene was made anhydrous 
by distilling 30 ml. of solution. The system was placed 
under a nitrogen atmosphere, and 50 ml. of ca. 3.OM solution 
of methylmagnesium bromide in di-n-butyl et~her was added 
dropwise with stirring over 25 min. The reaction mixture 
\vas heated to reflux under nitrogen for 12 hr., cooled, and 
treated with a solution containing 10 ml. of acetone in 50 
nil. of benzene. The inorganic salts formed dissolved upon 
the addition of 75 ml. of ice-cold log', sulfuric acid solution. 
'rlie organic phase was washed successively with water, 5% 
sodium bicarbonate, water and saturated sodium chloride 
solutions, and evaporated t o  afford 3.0 g. of a viscous oil. 
'l'he latter was subniitted to partition chromatography on 
t1i:itomaceous earth (700 g.) with the solvent system, chloro- 
form-petroleum ether: methanol-water (50,200,110,20) (1 
hold-back volume = 1300 ml.) 

l':vapor:Ltion of Fraction A (ea. second half of the first 
Iiold-back volume) gave 1.5 g. (47%) of 160l,l Tol-dihydroxy- 
~ ~ - 1 i ~ ~ t h o ~ ~ - l 7 ~ - 1 ~ i e t h ~ l - l , 3 , 5 ( 1 0 ) - e s t r a t r i e n e  (VI). One rc- 
crystallization from methanol gave I .15 g. (3eC&j of product, 
1n.p. 152.5-1 54'. A sample for analysis was recrystallized 
twicc from mrthanol and had 111.1). 154.5155"; [CY10 

$30.5'. 
Anal. Calcd. for C20H?803.1/1 H,O: C, 74.86; H, 8.96. 

Found: C, 75.06; 75.30; H, 9.12, 9.13. 
Evaporation of Fraction B (ca. third hold-back volume) 

afforded 1.2 g. (38y0) of 16~~,17p-dihydroxy-3-1nethou\--l7~ 
meth>,l-l ,:3,5f 1Ohstrntrir.ne (Ir). .I siriqlr rei 
tion froiir ,icc.tollc'-l)('trolc,~lln cthc'r g:ivr: Yti;l iiig. of proctiict, 

193'; [ D I D  + 33'1. 

m.p. 185-187". .4 sample from another run was recrystallized 
four times for the same solvent pair and had 1n.p. 184-185.5"; 

Anal. Calcd. for C20H2803 (316.42): C, 75.91; H, 8.92. 
Found: C, 75.51; H, 9.13. 

16a,17ol-Isopropylidenedioxy-5'-methoxy-l7~-ntethyl-l,3,~5- 
(1 O)-estratrzene (VIII). To a solution containing 606 g. 
of VI in 20 nil. of acetone was added 4 drops of a 72% per- 
chloric acid solution. The resulting solution was let stand 
for 4 hr. a t  room tenipcrature and was then diluted with water. 
'I'he prodrirt was extracted into ether, and the extract was 
washrd with sodium bicarbonate solut.ion, watcr, and satu- 
rated saline. l'he dried extract was evaporated to afford a 
scnlivrystalline solid whirh cryst:illined from aqueous ace- 
tone to yield 560 mg. (83Cj0) of VIII, m.p. 158-161". A 
sample for analysis was recrystallized several times from 
aqucwus acetone and had n1.p. 102.5-163"; [ f f ] D  +i'1'. 

Anal. Calcd. for C231I& (333.49): C, 77.49; H, 9.05. 
Found: C, 77.65;  H, 9.20. 

f 6 o r - ~ ~ y d r o s 2 / - ~ ' i o r - 1 i ~ e ~ h ~ ~ ~ - ~ ~ - ~ o ~ f e s t o ~ t e r o n e  (VII). Treat- 
ment of 1.0 g. of V with lithium and liquid ammonia as 
described above (cf'. the preparation of 11) gave 743 mg. of 
the dihydro derivative, m.p. 153-60"; vmsx 1870 and 1700 
cin.-I The latter (4!10 mg.) was treated with hydrochlo- 
ric acid in refluxing nirthanol as described above to give a 
viscous oil. Crystallization from ethyl acetate afforded 176 
mg. (38c/c), m.p. 193-1!~9". An additional 23 mg. of VII, 
1n.p. 195-199', was obtained from the mother liquors. A 
sample for analysis was crystallized several times from 
aqueous acetone and had n1.p. 198-200"; [ U ] D  AO"; Amax 
240 mp ( e  16,900); glllaX 34!,0, 1653, and 1615 em.-' 

Anal. Calcd. for CIufT& (301.41): C, 74.96; H,  9.25. 
Found: C, 74.80; I€, 9.51. 

1 6 ~ , 1  7a-Dihydrox y-1 ?C-iileth yl-l9-nor-Q-androsten-S-one 
( IX) .  The Birch reduction of 2.0 g. of VI as described above 
(cf. preparation of 11) gave on crystallization of the crudc 
product from methanol I .53 g. (TGyG) of the intermediate 
dihydro product, m.p. 16+17G0; vmax 1695 and loti7 cm-l. 
Similarly, treatment of 0.50 g. of the latter with acid as 
described abovc followed by crystallization from aqueous acc- 
tone gave 337 nig. (70%) of IX,  m.p. 171-178". A specimen 
for analysis was recrystallized several timrs from acetonc- 
petroleum ether, m.p. 18!1-1!)0°; [ n ] D  -4.5"; x,,, 240 mp 
( e  17,600); vlnax 3500, 3290, 1tifi0, and 1022 

Anal. Calcd. for CIuHBOa (304.41): C, 71.96; H, !).27. 
Found: C, 71.58; H, 9.4G. 

17~-Hydrosy-S-methoxy-l,3,~~( lO)-cstralricn-26-one (x). '1'0 
a solution containing 5.0 g. of 100l-ncc,tou3.-3-nict,lio\'y- 
i,3,5( lO)-rstratrien-li-one (IV) in 1100 ml. of mrthanol- 
benzene (IO:]) was added 400 nil. of a O . l A '  soliit,ion of 
sodium h>.droxide. The reaction mixture W:IS let stand a t  
room temperature for 15 hr., was acidified with :i frw ml. of 
acetic a d ,  and concentrated i n  V ~ C U O  to ca. 500 nil. l'hc 
product precipitat,ed as an ornngc, oily solid whirl1 was n- 
tracted with 375 ml. of ether-meth>.lrne chloride ( 2 :  1). l'hc: 
extract was washed succrssively with 5';i sodiiiiii bicar- 
honate solution, water, and saturated saliile. On r~v:~por:tt~ior~ 
the extract gave itii amber oil which was dissolved in : 1 w -  

tone and decolorized with charcoal. The product ri 
from acetoiie-petroleiirri ether to yield 1.98 g.  (45!';) of 
oily crystals, m p. 158-166' (capillary). A singlc recr).stalli- 
zation from aquwus nwtone raiscd t h e  iuc.ltiiig point to 
164-170' (capillzry). (Lit. m.p. l(i!)-lfi!L5°,38 lfi7-1~i8°.'2) 

1 6 ~ , 1 7 ~ - ~ l ~ i h ~ ~ d r o ~ ~ ~ - ~ - m e t h o x ~ - f  f i ~ i ~ i c t h i / l - f , . ~ , ; 7 (  lo)-?,+ 
lratriene ( S I ) .  The reaction of 3.18 g. of S w i t h  inot,Ilyl- 
niagnesiriin hroniide as described above (6. the prcy)nrntioll 
of V and V t )  afforded a semicrystalii~ie mass which crjstal- 
lized from benzcnr to yield 1.83 g. (8O'j 'c) of XI,  111.p. 174- 
177"; [,I,, + 68'. 

16g, 1 ?~-Isopropyl~denet~ox~-3-1i~elhox~~-1 6a-?neth?ll- 1,8,5- 
(fO)+stratrzene (XII) .  Treatment of 101 mg. of XI with 
nrrtone and perchloric :tcid as described above (cf. the 

[ a ] D  +32'. 

( 1 1 ' )  AI. T. i ~ ~ ~ r r ~ ~ ~ ~ ~ ~ ~ ,  J .  i i i~i .  o. i lC~~~.,  163, 167 ( 1 9 4 7 ) .  
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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). 


