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l,4-Cyclohexanedio has been converted into compounds 8 and 9. Treatment of 8 and 9 with base 
produces compound 10, wh~ch has been converted into 3-(1,l-ethylenedloxyocty1)-cyclopentanone. 
Canad~an  Journal of Chemistry, 47, 47 (1969) 

A number of publications have recently ap- 
peared (1-6) describing the syntlzeses of various 
naturally occurring prostaglandins and related 
compounds, With the exception of the elegant 
method of Corey et al. (1) all the syntheses de- 
scribed so far rely on the modification of a five- 
membered ring comporii~d to produce the r o s t a -  
glandin skeleton. 

We have approached the problem by using a 
readily available six-membered casbccyclic ring 
compound as the starting material, A seven car- 
bon atom side chain is added in the first step. 
At a later stage in the reaction sequence, the 
length of the seven carbon atom chain is in- 
creased by one carbon atom by the contraction of 
the six-membered ring to produce a suitably 
substituted five-membered ring. The ring contrac- 
tion not only gives a side chain of tlie correct 
length but also generates a lietone fl~nctioli in the 
eight carbon side chain, in a position suitable for 
later introduction of the ally1 alcohol function. 

When a half-molar equivalent of rz-heplyl mag- 
nesium bromide was added to 1,4.-cyclohexane- 
&one it was possible to separate 4-heptyl-4- 
hydroxycyclohexa.nom 1 as the mono-adduct 
from the reaction mixture. 

The keto-alcohol 1 was quantitatively reduced 
to 1-heptyl- l,4-cyclohexanediol 2. The nuclear 
magnetic resonance (n.rn.r.1 spectrum has broad 
multiplets at z 6.15 and 6.5 of roughly equal area 
corresponding to epimeric alcoho!~. Thin-layer 
chromatography (t.l.c.1 confirmed that two close- 
ly related compounds were present. 

Acetylatioiz of the epimeric mixture of diols 
with acetic anhydride - pyridiile gave the mono- 
acetate 3. The acetate 3 was dehydrated by heating 
under reflux in acetic anhydride to give a product 
composed of two compounds (by t.1.c.). The 
n.m.r. spectrum has peaks due to a hydrogen 
atom on a double bond and a hydrogen atom 
attached to the same carbon atom as 'the acetoxy 

group. Also included in the spectrum are two 
sharp peaks at r 8.06 and 8.02, due to two very 
similar acetate methyl groups. The chromato- 
graphic and n.m.r. evidence is compatible with 
the product being composed of exocyclic and 
endocyclic double bond isomers 4 and 5, respec- 
tively. 

Acid-catalyzed equilibration of this olefi~~ic 
mixture converted it into the more stable endo- 
cyclic olefin 5 (7). The reaction could be followed 
conveniently by the disappcarancc of oi?e of the 
spots on the t.1.c. plate. Further reactions in the 
synthetic sequence, and the broad peak in the 
n.rn.r. spectrum at T 4.7 indicate that thc product 
is correctly represented by structure 5. 

cis-Hydroxylation of 4-heptyi-4-acetoxy-1-cy- 
clohexene 5 was efrected by "Leatiiilg it with 0s04-  
pyridine in ether (8). The intermediate complex 
was decomposed on treatment with rnannitol. 
The decomposition of the complex also resulted 
in partial hydrolysis of the acetoxy group. Com- 
plete hydrolysis occurred oil treatment of the 
product with KOH in aqueous alcohoi, to give the 
two possible epirneric triols 6 and 9. 

The trio! epimers were converted into the 
corresponding secondary ditosylates by treating 
with tosyl chloride and pyridine. Two crystalline 
ditosylafes 8 and 9 (R = Ts) could be isolated 
from the reaction product. Elemental analyses 
and almost identical infrared (i.r.) spectra were 
consistent with the fact that these two compounds 
were indeed epimeric at the secoadary tosyl group 
in the 4-position. 

Treatment of the mixture of crystalline tosyl- 
ales with CaCO, in dimethyl ibrrnamide under 
reflux brought about the desired ring contraction, 
as was shown by the appearance of a peak at 
1700 cm-I in the i.r. spectrum of tho product 410 
(9). The secondary tosyl group was also lost in the 
work-up as was shown by the absence of charac- 
teristic peaks in the i.r. and n.m.r, spectra, and by 
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1 R. = n-heptyl 2 R = n-hepty-I 3 I% -- n-hepty: 4 R = n-hexyl 5 R = n-heptyl 

6 R = n-heptyl R' = H 7 R = n-heptyl R" H 
8 R = n-heptyl R' = Ts 9 R = n-heptyl It' = Ts 

the presence of e peak at 3400 cm-I in the i.r. 
spectrum of the product, due to the hydroxyl 
group. 

The rearrangement product 18, which was 
homogeneous on k,i,c., was coaverted into the 
ethylene &eta1 11- by heating under reflux in 
benzene with ethylene glyco! and a catalytic 
amoact s f  p-lolueaesuifonic acid. 

The ]:eta1 was oxidized with chromium tsioxide 
. ,. ~, in pyr.c,lae to g:ve tne kets-ketal92. The product 

was homogeneous by A c ,  acalysis and bad. a 
peak in the i.r. spec t rm a"L374.0 crc-", showing 
the presence el" a five-membered ring ketone. 

Elemental analyses d tb.e n.m.r. spectrim; 
mere also in agreement with structure 12. A sharp 

< . .  1 

pea:< at T 0.1 IS :ndacative of the ethy!e-r,e ketal 
protons 2nd a broad mukiplet centered at a 7.8 is 
due to "Ihe hydrogen aron7.s a to the ketcne. The 

~ ~ 

remainder of fhe n,m.r, spectrum 1s rn agreement 
with the presence of large hj~diroca.rbon side 
chain. 

These results show that this approach to the 
psostaglandia; skeleton is feasible and we are now 
in the process of incorporating the seven carbon 
atom side chain by direct aiky!iation or by re- 
arranging the appropriately substituted cycio- 
hexaae ring. 

Experimental 
Infrared (i.r.1 spectra. were of chlorohrm or carbon tetra- 

chloride solutions. Nuclear magnetic resonance (n.m.r.) 
spectra were of deuteriochlorofmrn or carbon tetrachlo- 
ride solutions with ietramethylsilane as internal standard. 

4-~~eptyi-$-hydr0~y~y~Iuhe~an0ne B 
A solution of n-heptyl bromide (17.5 g; 0.1 moie) in 

anhydrcus ether (150 ~ n l )  was added dropwise over a 
period of 2 h l o  a stirre6 mixture of mzgnesiun (2.4.3 g ;  
0.1 mole) a.nd ether (50 ml). Duricg the a.ddition, reflux 
s7  n mainta.incC by occasional warming of the reiction 
fas!:. kfier addition was complete, reflus ivas continued 
for ! h. The Grignard reagent solution was coded alid 
r,r.apisfcrced to z dry 250 rnl dropping , fun~el  wbiie =sin- 
taining s n i t r~gcn  at~-msphere, The Grignard reagent was 
il-kes added bropwise to a stirred solution of 1.4-cyclo- 
hexa~:edione (10 g; 0.4 mole), in ailirydrous ether (200 mi). 
Addition was completed in 2 h after- which the reaction 
was heated under refinx f o ~  1 h. 
7 ahe reaction mixmure was allowed to c ~ o l  and then 

diluted to 600 mi with ether, The resuiting organic iayer 
was v~a,shed with a saturated soixtion of ammonium 
chloride anti1 the aqueous washings were acidic, The 
organic layer was then wa,shed with wzterl azd after dry- 
ing, the ether was removed by flash evaporation. The 
crude product was obtaked as a clear, viscous, ye!lo.w oil 
(5.90 g). Thin-layer chromatography (siiica-ether eluent) 
revcaled the presence of four products, ina an  overali yield 
sf 37 "/d, 

"s'aciium distillation of the crude product gave 4-heptyi- 
4-hydroxycyclohexar1on& I;  b.p. 0.9 mm 128", in a 24% 
yield (3.84 g) as a clear, viscous, yellow oil; nDZ5 1.4741. 
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ORR AND JOHNSON: SYNTHESIS 49 

Thin-layer ch-omatography (silica-ether eluent) of the 
product showed the presence of one compound. 

Infrared spectrum: 3600 cm-I, 3400 cm-'. Nuclear 
magnetic resonance spectrunl: a 6.4 jhydroxjrl hydrogen, 
disappears when treated with DZO), T WI1 (4 hydrogens CY 

to the ketone) 2 8f-9.1 (remaining methyl and methylene 
hydrogens). 

I-Hepty1-1,4-cyc~oi~exai~edboi I 
2-Heptyl-4-hydroxycyclo1iexanone (1.80 g) was dis- 

solved in methanol (50 ml). Sodium borohydride (150 g) 
was added in one portion to the solution. After 1 h, water 
(18 ml) wa,s added to destroy the excess of sodium boro- 
hydride. The reaction mixture was diluted to 100 ml with 
ether and the organic layer was washed with 2 %  KC: 
solution followed by washing with water. The organic 
Iayer was dried over anhydrous magnesium sulfate, 
filtered, and the ether removed by flash evaporation to 
give 1.67 g of product (92 o/, yieidj. Thin-layer shron~atog- 
raphy (silica-ether eitlent) indicated two products with no 
indication of srarting materiai. 

Infrared spectrum: 3600 cm-', 3400 cm-I, Nuclear 
magnetic resonailce spectrum: 7 6.15 and 6.5 (hydrogens 
on the same carbon atoms as the hydroxyls), a 7.6 
(hydroxyl hydrogen). a 8.4-9,1 (methyl and ~neihylene 
hydrogens). 

A sample of tile cyclohexaisediol was recrysiailized, to 
analytical parity jm.p. 44-74') from petroleum ether 
(b.p. 30-60") -ether. Thin-layer ci~rornatography showed 
one spot. 

Anal. Calcd. for Gt,HZsC2: C, 72.84; H, 12.23; 0, 
14.93. Found: a7; '72.99; K, L2.24; 8, 14.91. 

I-l-legty6-.4-nce~oxy-i~cyci~I1exene 5 
1-Heptjrl-l,4-cyclohet:anedio! (2.23 g) was dissoived in 

anhydrous pyridine (SOmli) lo which acetic anhydride 
(40 ml) was added. The reaction was allowed to stand at 
rooni temperature for 2,4 h. The excess acetic anhydride 
and pyridine were removed by Basil evaporator and the 
reaction residue was diluted to j 50 mi with ether. The 
organic Iayer was washed with 2% HC1 solution, sodium 
bicarbonate soiutioa, fai!cu~ed b:y wafer Removai of the 
drisd ether gave 2.68 g of a clear, viscous, yellow oil ir: 
80% yield. Thi=-izyer sI-~i.ornz,tography (siiica-fiber 
eluent) indic~ied zi-atthere were t.aiu new prod,~cts. - ;he poduci  mixb~p: (2.08 g )  ~ 3 s  not f~rr;?er purified 
6.r. and n.m.r. hdicaied sorro-acetate), but was healed 
under refiux lo; 24 ;I :r, acetic anbirdiide jiO0 mi). The 
reaction was sosled a d  sppro::imetely one-hrIi' of ;3e 
acetic anhydride -v~a; rerxo-led 5y flash evaporator. The 
residue :xis dilutsd lo 250 m! with ether, the11  wasl lied with 
a 1 % s o d i u ~ ,  hpdi-o::ide soiutioq ar;t'; r!?c a g ~ ~ e o g s  ex- 
tracts were basic th-n with ;;,rater j;itil  ner;;l-21. Xen-rovel 
cf the dried erl>e; gxve 1.85 g ol a yeiiow, 'viscous nl: -- 9 

corresponciing .: s~teld of 89 %. Thin-liiyer ch;-onm'iog- 
raphy (silice--benzene eluent) indicated the presence of 
two products. 

The n.rn.r. qs;?c,trur?i showed rarroavly spaced singieis 
(T 8.04,8.06) probably 6:le to the exacyclic and  endocyclic 
forms of the itT&ecs acetate 4 and 5 i.espec:iVe!y. 

The mixture of 4 and 5 (1.85 g) and p-!oluenesuifonic 
acid (1.9 g) weie dissolved in benzene (50 nil) heated under 
reflux fwr 2 h. Tile reaction ivas cooied and diluted to 
350 ml with beszene. Tile benzene layer was avasheci with 

a 2 % sodium bicarbonate solution followed 5y water. 
Remova! of the dried benzene gave 1.85 g of E-heptyl-4- 
acetoxy-1-cyclohexene as a viscous, yellow oil; nDZ5 
1.454.7. The yield was quantitative. Thin-layer chrornatog- 
raphy (silica-benzene eluent) indicated one product. 

Infrared spectrum: 1740 cm-', 1600 cm-'. Nuclear 
magnetic resonance spectrum: T 4.7 (hydrogen on double 
bond), a 5.15 (hydrogen attached to the same carbon 
atom as the acetsxy group), 2 8.05 (singlet, acetoxy methyl 
hydrogens), T 8.7-9.1 (remaining methyl an@ metbylene 
hydrogens). 

Anal. Caicd. for C15H2602: C, 75.58; H, 10.99; 0, 
13.42. Found: 6, 75.88; 1-1, i".05; 0, 13.15. 

I-Heptyi-I,Z,$-cycIoi~exaizetriot 6 and 7 
Osmium tetroxide (7.0 g) mas added to a cold solution 

of I-heptyl-4-acetoxy-1-c~/cIohexene (4.37 g) in dry ether 
(150 ml) and dry pyridine (4.5 n11). Tne reaction was left 
for 6 days at room temperature. The dark colored reaction 
mixeure was filtered to give 5.96 g of a brown complex. 

T- rhe  coi~lplex was decoinposed by stirring overnigilt 
with a solution composed of mannitol (2 g) and KCH 
(10 g) in water (166 m!). Ether extraction gave 2.44 g of 
product which was a mixture of the desired trio1 and 
inonoacetylated trioi. Hydrolysis of this mixture with 5 % 
K3H EtOH-E20 solution (60mlj converted it into 
2.38 g of crude trioi. 

The above filtrate was sirnilariy treated with mannitol- 
XOH solution to give a filrther 2.33 g oEproQuct identical 
with that obtained from the complex. Total product: 
4.77 g-72% yield. 1r.frared spectrain had absorption 
pealcs at 3600 cm-I and 34M cm-' due to non-bonded 
and bonded -OH. The n.rn.r. speccrcrn had pehks at t 5.9 
(1 H broad multiplet), r 6.2 (I  H poorly resolved triplet), 
a 7.4 broad peak due to hydroxyl hydrogens, t- 8.0-9.1 
envelope due to remaining methylene a d  rnethyi 
hydrogens. 

Anal. Calcd. h r  C13R2603: G1 67.79; H, 41.38; 6, 
20.54, Fohnd: C, 67,671 H, 11.63; 0, 20.92. 

Tosyicrtfon c~f i - ~ e ~ ~ t y ~ - ~ , i , $ - c y c / o J z e . ~ a ~ 1 e t i ' i o l 6  and 7 
p-Toiueresulr"3nic acid chloride (4.6 g) acd 2.0 g of a 

rcixture of 5 and 7 were dissolved ia dry pyridine (90 1111). 
C T  cne I-esuiting solr~tion -Alas left at room te:nperattire for 

23 h. 
-* l n c  majority or the pyridine was reinoved xndcr 

reduced pressure, a ~ d  -;he residue was dissolved in 
benzexe, The berzene soiutian was washed vith 5 %  
Eqceous NaBCC,, arid a3er drying .;he be2zer-re was 
rc_cioved unbe? r-duced pressure to d.,? g of crude 
product. 

cryslaliiza.:ii.n ~f the residue Froin a mixicre of etiler - 
~jeirolenil; ether (b.p. 35-50') yielded 500 mg of a com- 
pound, which a?er ;eoezte;i c:ysialIizations melted at 
!37"" 

Infrared spedruiii: 3500 ~ ~ 1 - 5  ,1630 c i~ i~- ' ,  I180 cm-I. 
Nuclear ma.gnetic resonance spectmm: T 2.15-2.7 (AB 
quartet, aromatic hydrogens), r 5.5 (broad nxitipiet due 
to hydrogens on same csrban ztoliis as 0-tosyl), 2 7.5 
(singlet. a r~mzt ic  meilly! kydrogeas), 7 8.0-9.1 (remaining 
methyl and rnethylene !lydro,sens). 

Anal. Caicd. for C27H;138S207: C7 60.19; H, 7~10;  O3 
20.79; S3 11.90. Foand: C, 60.37; H, 7.32; 0, 20.06; 
S j  11.98. 
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Crystallization of the material from the above mother examination, showed no Icetone in the i,r. spectrum, and 
liquors froin ether-petroleuln ether (b.p. 30-60') yielded had a sharp peak at r 6.15 in the n.m.r. spectrum due to 
400 1iig of a second con~pound which after repeated the ethylene ketal hydrogens. 
crystallizations melted at 62". 

Infrared spectruni: 3500 cm-I, i 600 cm-I, 11 80 crn-l. 
Nuclear magnetic resonance spectrum: T 2.15-2.7 (AB 
quartet, aromatic hydrogens), T 5.4 (broad multiplet due 
to hydrogens on same carbon atoms as 0-tosyl), r 7.55 
(singlet, aromatic iiieth:~l hydrogen), T 8.1-9.1 (rernaining 
methyl and methylene hydrogens). 

Anal. Calcd. for C2,H,,S,0,: C, 60.19; H, 7.10; 
0, 20.79; S, 11.90. Found: C, 60.19; H, 7.14; 0, 20.97; . . 

S, 11.99. 
The two crystalline compounds hacl distinctly different 

I?, values -0.31 for the isomcr mclting at 107" and 0.59 
for the isomcr melting at 62,"-on t.i.c. (silica -petroleum 
ether (b.p. 30-60') eluent). The i.r. spectra were almost 
identical (small diRerences in 900-950 cm-' :angel. 

Rearrangerznt of I-Nepfy~-l,2,4-c~~clohe.sanetr~o1-2,4- 
ditosyiaie 8 and 9 

Crystaiiinditosylate (500 n ~ g )  was dissolved in freshly 
distilled dimethyl fornialnide (30 mi) and dry CaCB, 
(500 mg) was added. The resulting suspension was heated 
under reflux with stirring for 2 j  h. 

The reaction mixture was added to h e ~ r e n e  (190 ml) 
and washed several times wiih water. Removal of the 
benzene gave 175 mg of an oily product 10--88 % yield. 
Thin-layer shrornatography showed one spot. Bnc i.r. 
spectrum showed absorption bands at 3600 cm-', 
3400 c n - ' ,  and 1709 cni-l. The n.rn.l;. spectrum show!ed 
peaks at T 5.7 (broad ~nultipl-t, hyilrogeiz on some ca.rbon 
atom as tlic hydrcxyl), a 7,6 (broad mul!iplet, rnethinc 
hydrogen r lo  ketone), T 8.1 (poorly resolved triplet, 
rneihylens hydrogens a lo ketone), r 8.7-9.1 (broad 
envelope, due ro remaining inethylene and methyl 
hydrogens), 

Pre.parnriorz of Eti~yleile 1Cetc;l Id 
The hydi-oxy ketone $8 (253 mg) and a cata1:dtic amcimt 

of ptoluenes~~lfonic acid Tiirere dissolved in benzene 
(50 m!) in :hc presence sf ethyleriegiycol (1 mi), The 
resulting illixt~ire was heated ut~der reflux fo: 3 h. All 
traces of n.ater were removed by means of a water 
ssparalor. 

After cooiing, the benzene solution was washed with 
5 % NaHCOj and water. Removal of the benzene yielded 
145 111g of ketal. The product gave one spot on t.1.c. 

Preparatio~ of Ketnl-Ketone 12 
The hydroxy ketal 11 (133 mg) dissolved in dry 

pyridine (2 nil) was added to a slurry of Cr0,  (500 mg) 
in dry pyridine (15 ml). The resultiilg mixture was stirred 
at room temperature for 24 h. 

Ether extraction of the product yielded 98 ing of 
ketone found to be hon~ogeneous by t.1.c. The i.r. 
spectrum had a band at 1740 cm-I. The n.m.r. spectrum 
had a sharp peak at r 6.1 (hydrogens of ethylene ketal), 
T 7.8 (broad multiplet, hydrogens c* to ketone), r 8.7-9.1 
(broad envelope, due to methylene, niethine, and methyl 
hydrogens). 

Anal. Calcd. for C15H2603: C, 70.82; H, 10.30; 0 ,  
18.87. Found: C ,  71.28; H, 10.07; 0, 17.97. 
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