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In  our notc' we were primarily concerned with 
the preparation and properties of l-phenyl-4- 
methyl-2-penten-l-one, which we found to  be a 
liquid readily undergoing the usual reactions 
attributed to a compound of this structure. The 
solid produrt, which \ l e  derived from this ketone 
by self-condensation under alkaline conditions, 
did not exhibit most of the common reactions of 
ail cthylenic Iiiikage; thus we suggested that a 
dimeric four-membered saturated ring structure 
\\as possiblc. 

13y studying the KA112 spectrum of this com- 
pound, Dr. Iiagini hiiet2 proposes as its correct 
structure : 

0 
I1 

CsHs--C--CH2--CH--CH( CHa)z 

C6Hb-C--CH--CH=C( CHa)2 
It 
0 

By further investigation, we have found that 
ozonolysls gives acctone in the predicted yield, 
which we idcntificd as its 2,4-dinitrophenylhydra- 
zone. This indicates that  a terminal isopropylidene 
group is present. Meanwhile, we have likewise 
checked the SMJt  spectrum of this compound and 
arrivcd a t  the same conclusion as Dr. Anet. 

It was of inteicst to prepare the glycol of the 
ii1)oi.e dikctonc, to which the structure: 

OH 
I 

CBH,--CII-CCHZ--CH-CH( CHa)z 
I 

C6Ils-CH--CI1--CH=C(C~~a)z 
I 
0x1 

(*a11 I ) ( >  :iltnbutrd, and to cxainiiie its NhlIZ and 
infrarrd spectra. 

The resistance of this diketone to catalytic hy- 
tlrogcixition is significant. Keither the double bond, 
nor tlir carbonyl groups responded to the attempted 
ratalytic rdiirtioiis, using various catalysts such as 
ltaney nickel, Adams platinum, and palladium on 
c1i:ircoal :it 50 aiid 100 p.s.i. Thorns and IGthre,3 
11 ho did not obtain the monomer but erroneously 
:wsumrd the dikctone t o  be the monoketone, were 

(1) K. Kulka, R.  J. Eiserle, J. A. Rogers, Jr., and F. W. 
Richter, J .  Org. Chem., 2 5 ,  270 (1960). 

( 3 )  Dr. Ragini Anet, Cniversity of Ottawa, Ont., Canada, 
private communication. 

( 3 )  11. Thonis nritl H. IMirc, itrch. Pharm., 263, 251 
( 1 9 5 ) .  

also unsuccessful in their attempts to reduce the 
compound by catalytic hydrogenation. The un- 
saturated glycol was eventually obtained by re- 
duction with potassium borohydride. The product 
is a heavy, transparent liquid, boiling a t  201-20G0 
a t  1.2 mm. In  contrast to the odorless, crystalline 
diketone, it has a pleasant, faint aromatic odor. 

The ?;AIR spectrum of the glycol (as a 10% solu- 
tion by volume in carbon tetrachloride) was 
recorded and gives convincing evidence for 
the assigned structure. A peak a t  7 = 2.93 shows 
the presence of the aromatic protons and, as 
expected, the absence of carbonyl groups alpha 
to  the benzene ring. A doublet a t  T = 4.88 rep- 
resenting the vinyl hydrogen is clearly visible. 

The infrared spectrum of the glycol (as is and also 
in carbon tetrachloride solution) was recorded. 
Because of interfering peaks, this spectrum is 
less suitable for the identification and makes its 
interpretation more speculative. The olefinic C-H 
stretch frequencies show up above 3000 cm.-' 
(3042 medium; 3066 weak). A weak to medium 
peak at 1670 cm.-' is due to C=C stretching, 
giving further evidence of the olefinic structure. 
A medium peak a t  840 cm.-l (the undiluted glycol 
was used) is in the region of the trisubstituted CH 
out-of-plane branching mode. In  addition to the 
free 0-H stretching vibration a t  3636 cm.-l, a 
broad band of marked intensity occurs a t  about 
3493 cm.-l. It may be attributed to the presence 
of an internal hydrogen bond between the OH 
groups, since intermolecular hydrogen bond fre- 
quencies occur in the 3360 em.-' rpgion (confirmed 
by the presence of an intense band a t  about 3335 
cm.-' in the undiluted glycol). Although there is 
little evidence for internal hydrogen bonding in the 
1,5-pentanediol itself,4 the presence of large sub- 
etituted groups may lead to closer position of the 
011 groups and make this phenomciion possiblc. 

EXPERIJIESTAL 

2-( 2-51 elhyl-1 -propcn yl) -3-isoprop yl-l,5-diphe~ !/L-l,;j- 
pentanediol (crude) (I). A solution of 54 g. of potassiuni 
borohydride, 2 g. of potassium hydroxide (85%) and 250 
ml. of water vias added to  a refluxing, agitated mixture 
174 g. of the solid diketone (m.p. 144.5-145') and 600 ml. 
of methanol, over a period of 5 hr. The solid diketone, 
which a t  the beginning of the reaction was not completely 
dissolved, went into solution as the reaction progressed. 
Agitation and reflux were continued for 2.75 hr. The re- 
action mixture was cooled to 15' and acidified to Congo 
Red with dilute hydrochloric acid. Hot water (250 nil.) 
was added to the viscous reaction mixture. The mixture was 
then extracted with three 150-ml. portions of benzene. 
The combined organic extracts were washed with 150 ml. 
of saturated aqueous sodium bicarbonate solution and two 
250-ml. portions of water. After removal of the solvent by 
distillation, a slightly opaque, viscous material remained. 
Weight: 175 g. (expected: 175 6.). Analysis by acetylation 
and saponification gave a 90% alcohol content, calculated 
as the glycol. 

(4) D. JV. Ihvidsoii, Cun. J .  Ciiem., in press. 



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: 
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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 tivr and 8. 
In this cwnnectioii, 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 hylmagnesiun~ 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 nxs 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 / Ju (L /L~  78, SI :i 1 l ! )>S).  


