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ABST RA cr 

The synthe sis of methyl 11~,15-dihydroxy-9-oxo-prost-5, 

13-dienoates (PGEa methyl esters), having the natural and unnatural 

configuration at C-15, are described. Methyl 15-hydroxy-9-oxo-prost-

5,10,13-trienoate (PGAa methyl ester), 't-Tas also obtained and is 

described. This synthesis is based on the PGE1 and F 1, synthe sis 

of Just and Simonovitch17 '18. Two new acetylenic prostaglandins-­

methyl 11~,15-dihydroxy-9-oxo-prost-5-yn-13-enoate and its 15-

epimer -- obtained as intermediates in the PGEa methyl ester synthesis, 

are described. 
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INTRODUGrION 

In 1933 and 1934, Golblatt and von Euler1 , recognized 

that human seminal plasma contained some principle with striking pharmaco-

dynamical actions that could be differentiated from the then known 

compounds. This active principle was not identified until the late 

fifties and early sixties when Bergstrom and co-workers2 were able to 

isolate no less than thirteen different related compounds. The se 

compounds were derivatives of a ~ 0 fatty aCid, called prostanoic acid (I) 

(which is not found in nature) and became known as the prostaglandins3 

(PG's). 

15 

There are six basic or primary compounds (Figure 1)* from which all the 

* The configuration of the natural PG around the ring is such that the 
C_S and C_ll substituents are on the same side (~) and t~e e-12 
substituent is on the opposite side (~). The S-iso epimer has the e-S 
substituent (3. At C-15, the natural PG ~onfiguration is written as 
indicated in Figure I. In this thesis, the unnatural configuration 
at e-S and e-15 will be referred to as "S-iso-" and "15-epi-PG" 
respecti vely. Otherwise the natural configuration will be implied~ 
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others are derived: prostaglandin El s (PGE) have oxo and hydroxy 

substituents whereas the prostaglandin F' s (PGF) have two hydroxy 

substitutents in the ring. The three El s ( and three FI s) differ 

only in their dagree of unsaturations. The compounds in the E 

series have four asymmetric centers at C-8, C-11, C-12, c..15. 

In the F series, there is an additional asymmetric center at c..10. 

In the E series the ll-hydroxy group is very sensitive to 

3 

both acid and base. For example, PGEa will eliminate water to forro 

the rI:.,(3 unsaturated ketone, PGAa , with acid or mild base (Scheme I). 

With further base treatment, this bond shifts into conjugation to forro 

PG~~ These compounds have characteristic ultraviolet absorption 

(PGAa : i\ 217 mu, e 10,700 and PG~: À 278 mu, E 28,OOO)which max _OT max _0, 
gives a good test for the presence of prostaglandins E(1_3). 

Scheme l 
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The structure of PGE:r. was elucidated from studies of the 

fragments obtained by oxidative ozonolysis of three derivatives, 

4 

PGBu pQ\:r. and. PGE:r.-237. The degradation products of these compounds 

were separated by gas chromatography and identified by mass spectrometry. 

The structure of the other campounds was elucidated in a similar manner. 

An account of this work has been given by Samuleson. 7 Using X-ray 

crystalographic techniques on the tris-p-bromobenzoate of PGF :r.p' the 

relative configuration of the prostaglandins was postulated and their 

structure was cnnfirmed by A brahamsson and co-workers. sa, b The absolute 

configuration was recently established by Nugteren and co_workersS3 

by determination of the optical rotation of 2-hydroxyheptanoic acid 

derived from oxidative ozonolysis of PGE:r. methyl ester. 

Prostaglandins have pronounced physiological and pharmacological 

activity which can be classified into four major areas:1j. 

A. Smooth Muscle Stimulation. 

Studies on the PG stimulated contractions of the hmnan 

myometriwn (muscular wall of the uterus) and. the relati vely large 

concentration of PG' s in seminal fluid have linked them with the 

reproductive process, particularly sper.mtransport into the fallopian 

tubes. Other smooth-muscle organs which are stimulated by PeP sare 

the gastro intestinal tract, respiratory tract, and. reproductive tract. 

B. Cardiovascular Responses. 

Intravenous injection of PG' s causes lowering of blood pressure 

and increased heart rate. However, marked quantitative and qualitative 

differences occur between species as well as between various parts of 

the cardiovascular system. 
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c. Nervous System. 
. . 

Extracis with prostaglandin..like behaviour have been prepared 

from the central nervous system of various a.nimals. stimulation of 

peripheral nerves increased the release of these substances. Such 

release in the criterion for a neurohumoral transmitter substance and 

these results implicated the PG' s in such a role. 

D. Metabolic Effects. 

PG' s inhibit lipolysis (fat breakdown) induced by catecholamine 

(in vivo) or adrenSline and noradrenaline (in vitro). Free fatty acid 

(FFA) mobilization was found to increase with the presence of PGt s. It 

has been shown that PGEj. inhibits the cyclic adenosine 5-phosphate (AMP) 

accumulation induced by epinephrine. Cyclic.JU1P is thought to be an 

intermediate in activation'of the hor.mone.sensitive lipase of adipose 

tissue which leads to mobilization of F~. 

Prostaglandins seem to have a wide distribution in the human 

as well as other animal bodies. 5 They have been detected in seminal 

plasma, menstrual fluid, lungs, iris, th3mus, pancreas, brain, spinal 

cord and lddney, but in m6st organs the concentration is very small. 

The largest number of individual prostaglandins occur in human seminal 

plasma. 

Tritium labelling experiments have shown that ail prostaglandins 

are metabolized in the body relatively fast and by apparently similar 

mechanisms. The prostaglandins in the E series are metabolized by 

reduction of the ~j.3 double bond and oxidation of the secondary alcohol 

group at C_15. 6 PGF~~, on the other hand, was metabolized to a consi­

derable degree to 2,3-dinor-PGFj.aC' 6 i.e. by l'-oxidation. 
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Using 14C-Iabelled precursors, it has been demonstrated· 9 

that proBtaglandins are produced enzymatic~ in vesicular grands and 

lung tissue by autoxidation of dihamo-r-linolenic and arachidonic 

acids. The biosythesis involved two Molecules of oxygen as indicated 

in the biosynthesis of PGE1 and PGF 1c( in Schema II. 

Schema II 

(CH2 )SC02 -----:;02=-+, 

~ CH3(CH2)4 
dihomo-t-lin~~enic acid 

1 
1 
1 
1 

OH 
PGE1 

1 
OH 

PGF
1a 

(CH2)SCOi 
.. ~ (\ oC 

Recently, this autoxidation was found to take place non-enzymatically 

in very low yield. 1o 
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The biochemical importance and potential medical usefUlness 

of prostaglandins has stimulated much interest in their total synthesis. 

The main features or problems involved in the synthesis of the primary 

prostaglandins are: a) the functionalities and stereochemistry of 

the substituents on the ring, b) the various points of unsaturation 

dif.fering in stereochemistry about the double bond C this is not a 

problem in the synthesis PGEu or its derivatives), c) the allylic 

15-hydroxy group, and d) the sensitive ll-hydroxy group in the E series. 

Some less complicated derivatives and structurally related 

prostaglandins were the f'irst to be synthesized. J.F. Bagli et al13 

synthesized 9(3, 15e-dihydroxyprost-13-enoic acid in thirteen steps 

starting the ethyl 2-cyclopentanone carboxylate. A short time later, 

an elegant synthesis of dihydro-PGE1 ethyl ester, a natural prostaglandin, 

and the corresponding dihydro-PGF 1f3 methyl ester was published. 1 q. 

E. Hardegger et al. 15 subsequently published synthesis of PGB1 and 

PGE l -237 starting !rom an intermediate described in the synthesis of 

the prostanoic acid derivative. 13 Finally, J. Fried et al. 16 have 

reported the synthesis of Ct)-7-oxaporstaglandin F~, a novel prostaglandin 

containing an ether linkage at the 7-position. Except for the final 

introduction of the 15-hydroxy group, this synthesis was stereospecific. 

The f'irst synthesis of the primary prostaglandins, PGE1 and 

PGF1 , was achieved by G. Just and Ch. Simonovitch17 u8CScheme IV). 

The critical step in this synthesis was the solvolytic opening of a 

cyclopropyl ring which introduced the 11 ,15-hydroxy groups and the 

trans 6 13 double bond in one step. This approach was based on a 

solvolysis of bicyclo [3.1.0J hexane-6-methyl tosylate (n) in potassium 

acetate buffered acetic acid which gave a reaction mixture containing 7~ 



ring opened product19(Scheme III). 

Scheme III 

li 

8 

rr+~ 
V\ V, , , 

'OAc bTs 

The endo iSClllers, solvolyzed under the same conditions, gave a much more 

complicated mixture ot products and a much smaller percentage (19.-"') ot 

ring opening. 

The aim in the PGE1 synthesis was to make 6-exo.(1'.heptenyl). 

2.( 6' '_carbomethoxybexyl) bicyclo [3.1.0] hexan.3-one (X), and to carry out 

a ring open1ng solvolysis similar to that reported by Wiberg and Ashe. 19 

The bicyclic kétone X vas synthesized by two ,toutes17 U8 • 

In the tirst sequence, cyclopentadiene vas converted to cyc1opent-3-en-

1.01 (IVa)" which vas then treated with dihydropyran and a tev drops 

ot phosphorl1S oxychloride86 to tom the tetrabydropyrany1 (THP) ether (IVb). 

Addition ot ethyl diazoacetate2 6 to IVb gave a mixture ot exo and endo 

bicyclic ethyl esters which could be epimerized to the exo iSOlller Va vith 

methanolic sodium methoxicle. Reduction ot Xa with lithium aluminum 

hydride tollowed by oxidation with Jones reagent28 gave the exo aldehyde Yb. 

This compound vas then subjected to a Wittig reaction2" vith 

hexyltriphenyl phosphomium bromide trom which the cis oletin Vc vas 

obtained in good yield. Cleavage ot the tetrahydropyrany1 ether in mild 

acid f'ollowed by oxidation with Jones reagent gave the bicyclic ketone 
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XXIV. Alkylation of XXIV with methyl w-bromo(or iodo)heptanoate gave 

X in 25-3% yield17 UU21. In the alkylation there were two isomers 

formed: the tJ:. isomer (trans configuration) X was the major product 

of kinetic control. However, on equilibration, the (3 isomer (cis 

configuration) was predominant by a ratio of 35:6.,91. 

The second sequence leading to X avoided the alkylation steps. 

Cyclopantadiene (III) was epoxidized with peracetic acid27 to give 1,2-

epoxycyclopentene (m). Grignard reagent displacement on the epoxide 

VLL using 7-pyranyloxyheptyl magne sium bromide gave VIII of undefined 

stereochemistry in 30% yield. Pyranylation of VIII 1'ollowed by 

addition of ethyl diazoacetate and epimerization, as in the iïrst 

sequence, gave the bicyclic ester IXa, also of unknown stereochemistry. 

The iïnal steps to X invol ved reduction of IXa wi th lithium aluminum 

hydride followed by oxidation to the aldehyde IXb. This was again 

reacted with hexyltriph~l phosphonium bromide to give IXc. Cleavage 

of the tetrahydropyranyl ether with mild aCid, oxidation with excess 

Jones reagent, and esteriiïcation with diazomethane gave the keto ester X. 

The solvolysis was achieved17 ua in buffered formic acid and 

hydrogen paroxide but the yields of products obtained were low. The 

results were challenged by R.G. Holden et al. 2 o. However, the reaction 

has been repeated and the conditions improved to that PGF1~and PGF1~C 

were isolated in 2-&,:6 yield as crystalline products2 1• Best results 

were obtained when the solvolysis was carried out on the isolated 

epoxide XIa in trifluoroacetic or formic acids. When the corresponding . 
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dimesylate XIb was solvolyzed in acetone-water 2:1 at 25°C, crystalline 

dl-PGE1 methyl ester and the C-15 epimer were each isolated in 5-10% 
yields2 2 • 

Using a totally different approach, E.J. Corey et a129 

have synthesized pure dl PGEu -F1c(,-F1",-4.1 and -B1 • In a second 

synthesis3o , a route to the C-11 epimers of the natural E1 and F1 

hormones as well as their corresponding C-15 epimers was proVii.ded. 

Both sequences were designed to give a key intermediate which was 

subsequently converted ta PGE1 and its epimers in eight steps. 

The approach to PGEa methyl ester (Schema VA and B) described 

in this thesis was based on the previously discussed PGE1 synthesis of 

Just and Simonovi tch17 us. Two routes leading to the intermediate XXV 

were explored. In Chapter l, the synthesis of the acetylenic side 

chain XXIIIb and the subsequent alkylation of the previously s,rnthesized17 '1S 

bicyclic ketone XXIV (Scheme VA) 'Will be discussed. Chapter II deals 

wi th attempts to synthesize XXV by another route (Scheme VB). 

In Chapter III various attempts to rearrange the cyclopropyl carbinyl 

system will be described and the transformation of x:r..v to PGE2 methyl 

ester will be discussed. 
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CHAPTER l 

Synthesis of Meb&yl 7.iodo-5-heptynoate 

The firstproblem in the synthe sis of PGEa methyl ester was 

the construction of the unsaturated (C~-C7) side chain having a 

~5_cis olefinic bond or an acetylenic bond at the 5 position which 

could later be raduced to the cis olefin, such as methyl 7-iodo. 

5-heptynoate (XXIIIb). 

13 

The synthesis of this propargylic iodide XXIIIb was based on 

the selective C-alkylation of propargylic alcohols with a~l halides 

in liquid ammoma using lithium amide as the base3~. D'Engemeras and 

co-workers3~ had found that when sodium amide was used as base, both 

o. and C-alkylation took place. If, however, lithium amide was used 

as base, the C-alkylated alcohol was the o~ compound isolated. 

On repeating this reaction with propargyl alcohol (XIla) and 

1.bromo.3-chloropropane using lithium amide as the base, the chIo ride 

XIIIa was obtained as the major product (Scheme VI). A minor product 

(20%) which was not fully characterized was also separated2 5. From 

the n.m.r. (cf 4.03 ppm, 2R, t, J = 2.0 cps; i 3.62 ppm, 2R, t, J = 6.0 cps; 

f 6.5 - 5.5 ppm, 3R, multiplet) and infrared spectra (\J 3070, 2230, 
max 

1650, 1085 cm-~), and the carbon - hydrogen elemental analysis, XXVI is 

XXVI 



the probable structure of the by-product. 

Alkylation of 3-tetrahydropyranyloxypropyne (XIIb) wi th 

3-bromo-1-chloropropane gave only the monoalkylated chloride XIIIb in 

good yield. 

The displacement of the chloride of XIIIb by iodide was 

achieved in good yield using sodium iodide in refiuxing acetone. The 

conversion of the resulting iodide XIV to 7-hydroXY-5-heptynoic acid 

(XVI) via its Grignard reagent and carbonation of the latter, ~s not 

successfUl. The Grignard reagent could not be generated in either 

diethyl ether or tetrabydrofuran (THF). In an cases the magnesium 

powder used was first washed with dilute hydrochloric acid to remove 

surface oxides, then, after drying, activated with iodine. 

An alternative method for preparing the acid XVI !rom the 

chloride XIIIa involved conversion of XIIIa to the nitrile, followed 

14 

by hydrolysis. The chloride XIIIa ws converted to the cyano acetyleœ 

XVa with sodium cyanide in dimethyl sulfoxide. Since XVa was difficult 

to separa te from traces of dimethyl 'sulfoxide, i t was converted to i ts 

acetate XVb by means of pyridine and acetic anhydride and purified by 

column chromatography on silica gel. 

Acid hydrolysis of the nitrile ace ta te XVb gave a mixture of 

neutral compounds. The acetylenic bond probab~ had been hydrated36 

since the ~ (CaC) band in the :infrared spectrum had disappeared. 

Multiplets at ~ 6.2-4.9 ppm in the n.m.r. spectrum, characteristic of 

olefinic proton resonance, indicated that the compound had reacted in 

an undesired manner under these conditions. Basic hydro~sis of the 

nitrile gave predominate~ an acid fraction. However it was a mixture 

from which the desired acid XVI could not be isolated. 
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Sinee it was foun.d difficult ta add a one carbon unit to 

the chlorohexyne XIII, an attempt was made to produce the C7 chain by 

reaction of propargyl alcohol with a C,. unit, 4.tetrahydropyranyloxybutyl 

bromide (XIXb). 

4.Tetrahydropyranyloxybutyl bromide (XIXb) was synthesized in 

four steps (Scheme VII ) starting with t.butyrolac .. tone (VII). 

Treatment of the lactone vdth saturated aqueous hydrogen bromide at 

reflux for 15 hours gave 4.bromo butyric acid (XVIIIa)34. This was 

esterified with diazomethane35 , and the ester was reduced with excess 

lithium aluminum hydride in diethyl ether at • .50°C to give 4.bromo­

butanol (XIXa). Finally, treatment of the bromo alcohol XIXa viith 

dihydropyran and a trace of phosphoru.s oxychloride86 , gave XIXb. 

Yields of better than m were realized for each step in this sequence. 

Reaction of XIXb with propargyl alcohol by the prev.ious~ 

described method of D'Engenieres31 gave 7.tetrahydropyranyloxyhept-2. 

yn..l.ol (XXa) in :tJ.f:($ yield. Only moderate yields wer.e realized 

because of the fomation of the two by.products XXb (2.5%) and XXc 

(2,9%) which resulted fram O.alkylation of propargyl alcohol and XXa, 

respectively. 

The iodo.ester XVIII was obtained !rom XXa by the following 

sequence. The hydroxy groups of XXa were mesylated by first forming the 

lithium alcoholate with butyl lithium followed by slow addition of mesyl 

chloride in diethyl ether at 0° under nitrogen. 7-Tetrahydropyranyloxy-

2.heptynyl mesylate XXIa was then treated w.i.th sodium iodide in dry 

acetone for 1.5 hours37 to give the corresponding iodide XXIc. The 

bromide XXIb was similarly prepared by refluxing the mesylate with 

anhydrous lithium bromide in acetone for 24 hours38 • Cleavage of the 



tetrapyranyl ether wi th dilute methanolic hydrochloric acid gave 

7-iodohept...5-yn..ol (XXId) which was oxidized with excess Jones 

reagent at 0 0 to the carboxylic acid XXIIIa. Fïnally, esterif'ication 

of XXIIIa with diazomethane gave methyl 7-iodo-5-heptynoate (XXIIIb) 

in 20% overall yield starting from XXa. 

Alkvlation of Exo_6_(l'-heptenvl)-bicyclo[3.1.0]hexan-3-one (XXIV) 

17 

In the PGE1 synthesis1B , one of the most difficult steps had 

been the alkylation of 6-(l'-heptenyl)-bicyclo[3.1.0]hexan-3-one (XXIV) 

with methyl 7-iodo-heptanoate. In this synthesis, the leaving groups 

of the a~lating agent was propargylic and therefore more reactive 

than its saturated counterpart. Better yields of t'ue alkylated product 

were therefore anticipated. This expectation was not realized. 

It was found that the reaction conditions were extremely 

critical: the solvent (THF) had to be completely anhydrous and the 

reaction had to be done in a dry ni trogen a'bnosphere; there had to be 

a large excess of alkylating agent present compared to the ketone, other­

wise (paradoxically) dialkylation predominated; the addition of freshly 

prepared potassium t-butoxide* dissolved in anhydrous THF had to be 

do ne slowly so that the tempe rature was maintained at 0_50 • Be st 

results in the alkylation reaction in the PGE1 syntœ sis had been obtained 

when potassium t-butoxide dissol ved in dimethoxyethane or THF was used 

as the base and it was added to a mixture of the ketone and alkylating 

agent1B '21. Therefore no variations with resp3ct to base were attempted. 

* Commercial potassium t-butoxide was found to be unsatisfactory. 



In the first alkylation attempts, the tetrahydropyranyl 

ether intennediates IDa.-e with three different leaving groups 

(X = mesylate, bromide, iodide) were used as the alkylating agents. 

Of these, only the iodide XIIe gave any alkylated product. 
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When the ratio of iodide to ketone was 1: 1, 30% dialkylated 

material was isolated. In the n.m.r. spectrum of this compound the 

ratio of the olefin protons (oS 5.5.4.6 ppn), ketal protons ( 4.53 ppn ), 

a~~ ether protons ( 3.9-3.1 ppm ) was found to be 2:2:8. This is 

the precise ratio of these ~tons in the dialkylated Molecule, 

while for the monoalkylated compound the ratio is 2:1:4. For further 

proof, the compound was converted to. the keto acid by reducing the 

ketone with lithium aluminum hydride, cleaving the tetrahydropyranyl 

ether wi th mild acid, am finally oxidizing the triol wi th excess 

Jones reagent. The n.mor. spectrum of this keto acid showed a 

carbo:x:ylic acid proton resonance at J' 9.45 ppn and an olefinic proton 

resonance at cf 5.9.4.8 ppm in the ratio 1:1, confirming;the assignment 

since for the monoalkylated product the ratio would be 1:2. 

vlhen this reaction was repeated using a two.fold excess of' the 

iodide XXIc, and a longer addition time, the monoalkylated products XXVa 

were obtained in 1% yield. (The cis and trans isorners were not isolated, 

but by analogy with the alkylation results obtained in the PGE! synthesis2!, 

they were probably both present.) The n.m.r. spectrum clearly showed the 

characteristic olefinic proton multiplet (S 5.6.4.6 ppm), the ketal 

protons (4.58 ppn) and the ether protons (4.0.3.2 ppm) in the correct 

ratio of 2:1:4. The mass spectrum gave no' parent peak, although 

there was a large peak at m/e 302 corresponding to M+ -84, or loss of the 
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tetrahydropyranyl ether group which is not unusual for such ethers54 • 

When the ether was cleaved with mild acid, the mass spectrum of the 

resulting keto-alcohol gave the correct parent peak: M+ 302. The 

cleavage of the tetrahydropyranyl ether was followed by Ttc and. verified 

by the disappearance of the characteristic THP bands (1138, 1120, 

1075, 1060, 1033 1020 cm-1
) in the infrared spectrum. 

Oxidation of the above keto alcohol with Jones reagent gave 

an acid, but in po or yield. The major product was a mixture of neutral 

compounds which probably resulted from hydration of the triple bond 

in the acidic oxidation conditions. BecauSe of the poor yields in 

this oxidation step, the iodide XXIcwas first converted to the iodo 

ester XXIIIb as described above. It was then condensed with the ketone 

XXIV. The oxidation of the iodo .alcohol, XXId to the corresponding acid 

with Jones reagent also gave po or results, a large portion of the 

reaction product being neutral. TLe of the mixture indicated that this 

neutral fraction consisted of about five compounds which were not 

further investigated. 

All{ylation of the ketone XXIV with a three fold excess of the 

iodo ester XXIIIb gave four alkylated products which were separated from 

the unreacted starting material by column chromatography on silica gel, 

and then from each other by prepara ti ve TLC on silica gel (benzene -

ether, 9:1). The major product was the monoalkylated compound XXV 

(M+ 330), obtained as a mixture of ois and trans ( ~ and (3) isomers in 

23% yield (based on the total ketone XXIV used in the reaction). The 

other three products 1rere the di- (M+ 468), tri- ot 606) and tetra-

(M+ 744) alkylated compounds obtained in 8, 11, and t..% yields respectively. 
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The structure of these compounds was confirmed by their infrared, n.m.r. 

and mass spectral The detailed assignments are given in the Experimental 

Section. 

The results of ail the alkylation reactions are summarized 

in Table I. 

Gas~ liquid chromatography (GLC) of the monoalkylated product 

( 6', 3% SE30 on chromosorb 1tJ', 200°C) indicated tha t there were two 

compounds present (Rt = 2.90 min. and Rt = 4.75 min.) in the ratio 3:7. 

In the PGE1 series, the analogous a~lation products had retenti on 

times of 3.05 min. and 4~67 min. on the same GLC column and had been 

obtained in the ratio 28:7221 • The minor component (Rt = 3.05 min.) 

had been assigned the trans configuration, since it had been converted 

to PGF 1 rI:.. Based on the close parallelism of the t'Wo sets of reactions, 

the minor and major components must be the trans(~) and cis(~) compounds 

of XXV. 

GLC of the dialkylated product (6', 3% SE3Q on chromosorb W, 

248°C) showed two peaks (Rt = 5.25 min. and Rt = 3.50 min.) in the ratio 

5:1. Too little was known to make a structural assignrnent for the two 

dialkylated products. However, it has been shown11 that the second 

condensation reaction occurs predominantly at the more substituted 

carbon. 

The tri- and tetra-alkylated products were not eluted off the 

column at temperatures up to 250°. 
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Table l 

Conditions and results of direct ~lation experiments on exo-6-(1'-heptenyl)-bicyclo[3.1.0]hexan-3-one (XXIV) 

Equivalents Alkylating Equiv. of Equiv. of Solvent Reaction Temperature % alkylated 
of t-BuOK agent alkylating ketone, XXIV t1lne of reaction products 

agent isolated 

1.5 XXVllIa 1 1 THF 30 min. _10°C none 
1.5 XXvnla 3 1 THF 2 hrs. o - 5°C 

12 hrs. 22°C none 
21 hrs. reflux 

1.5 XXvnla 1 1 THF 24 hrs. 22°C none 
1.5 XXvrrla 1 1 DME 15 hrs. 22°C none 

2 hrs. reflux 
1.5 XXvnlb 3 1 THF 30 min.* o - 5°C none 

1.5 XXVIIIc 1 1 THF 00 min.* o - 5°C m dialkylated 
1.5 XXvnlc 2 1 THF 4 hrs.* o _ 5°C 19,% monoalkylated 

1.5 XVIII 3 1 THF 6 hrs.* o _ 5°C 23% mono-
Pif, di-

11% tri-
!ffi tetra-

* addition t1lne: worked-up immediately after addition 

N 
VJ 
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Figure II: I.r.(CCl~) and n.m.r.(CCl~) of 7-tetrahydropyranyloxyhept-

2-yn-l-01 (XXa) • 
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Figure III: I.r.(CCl~) and n.m.r~(CCl~) of methyl 7-iodo-5-heptynoate 

(XXIIIb) • 
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Figure IV: l>1ass spectrum of methyl 7-iodo-5-heptynoate (XXIIIb). 
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Figure V: I.r.(film) and n.m..r.(CDC13 ) of exo-6-(~'-heptynyl)-2c( 

and ~-(6·'-carbomethoxy-2-hexynyl)-bicyclo[3.1.0]_ 

hexan-3-one (XXV). 

'. 
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Figure VI: Mass spectrum of exo.6.( 1'.heptynyl).2oC:, and 

(J-( 6' '.carbomethoxy.2.hexynyl). bicyclo [3 .1.0J . 
hexan.3.one (xxv). 
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CHAPTER II 

The Exploration of Other Routes to Exo.6.(1".heptenyl).trans-2. 

(6' '.carbometho:x:.v-2-hex.yn.vl).bic.yclo 3.1.0 hexan-3.om3 

Route A 

In order to avoid the alkylation step d.escribed in Chapter l, 

a second route was explored. It was based on the alternative scheme 

d.escribed by Simonovitch18 and outlined in the Introduction. This 

route involved introduction of the acid side chain by a Grignard reaction 

on 1,2-epoxycyclopentene (VII). 

+ RMgX 

VII 

The Grignard reagent used in this case was propargyl magne sium 

bromide (XXIX) which was easily prepared40 in diethyl ether when the 

reaction tempera ture was maintained below 200 • If the tempera ture was 

above 200 , or if tetrahydrofuran was used as solvent, und.esired side 

reaction occurred which involved the formation of an allene41 • 

The slow addition of 1,2.epoxycyclopentene (VII) to excess 

propargyl Magnesium bromid.e at 00 gave, along with polymerie material, 

a mixture of alcohols from 'tlThich two major products could be isolated 

by careful column chromatography on silica gel (Scheme VIllA.). The 



desired alcohol 2_propargylcyclopent-3_en.l.o1 (XXX) •• formed by 

displacement at the Most electrophilic (C-3) position •• was obtained 

as the major product (32-40%). The other major component (lO.12%) 
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was 4-propargylcyclopent-2-en-1-o1 (XXXI). This compound was formed by 

either 1,2 displacement at C-2, followed by allylic rearrangement on 

work up, or direct 1,4 displacement at C-4. The minor products were not 

completely characterized. They consisted first, of a mixture of allenes 

(3%) which polymerized on standing. These allenes (~max 1955 cm-1
) probably 

resulted from the reaction of the allene Grignard reagent41 XXVII with 

the eponde. Second, there was isolated a tertiary alcohol (10%). 

;-C=CH 
CH2=C=C 

'MgBr 

XXVlI 

The n.m. r. and infrared spectra (detailed in the Experimental section) 

and elemental analysis suggested XXVIII as the structure of this by­

product. The product probably resulted from the reaction of the Grignard 

reagent with the ketone impurity which was always found to contaminate 

the eponde (~max 1755 cm-1
, 1680 cm- 1

) to the extent of 10-1.5% 

(judged from the relative intensities of the bands.)* 

#If XXVIII is the correct structure for this by-product, the ketone 
impurity contaminating the epoxide VII was probably 3-cyclopentenone. 
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Schema VIII 
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Figure VII: N.m.r.(CClq.) spectra of 2.propargylcyclopent-2.en.l.o1 

(XXX) and 4.propargylcyclopent-3.en-l.o1 (XXXI). 
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The structure of the two major produc~s XXX and XXXI was 

proven in the following manner. Both alcohols were treated with excess 

active manganese dioxide87 in refiuxing pentane for 24 h(~lUrs. The 

alcohol XXXI gave an ~, (3 unsaturated ketone (~max 3055, 1725, 16.50 cm-1
; 

À:H 217 mf<, ~ 10,SOO) whereas, XXX was not oxidized under these 

conditions. Since manganese dioxide is known to oxidize only allylic 

alcohols42 , XXXI was an allylic alcohol and XXX was note This 

conclusion was substantiated by comparison of the chemical shift 

of the proton r:J:. to the hydroxy group for the two alcohols. For XXX, 

the chemical shift for this proton was 4.27 ppm while for XXXI, it was 

4.91 ppn. The down-field shift of 0.63 ppm in the latter compound was 

due to theluhielding of the proton by the double bond next to it43 • 

The n.m.r. spectrum of XXXI also showed a quintet centered at 3.09 ppm 

which integrated to one proton. This was interpreted to be the c..4 

allylic hydrogen atome On the basis of this interpretation, the 

substitution of XXXI was postulated to be 1,4 rather than the equally 

possible 1,2. If the substitution were 1,2, there would be two allylic 

protons at c..4 resonating in the sane region (3.0 ppn) which would be 

expected to be split into a doublet. 

The stereochemistry of XXX, was not certain. Based on melting 

points of derivatives, Korach and co_workers39 reported that 1,2-ep~_ 

cyclopentene, after hydrolysis and hydrogenation, gave mainly cis-

1,2-cyclopentanediol. This was an unexpected result since epoxide 

displacement reactions usually result in the formation of trans products47 • 



The stereochemical course of the Grignard displacement of 

1,2.epoxycyclopentene was proven in the following manner. The 

alcohol XXX was benzoylated and completely hydrogenated. The resulting 

benzoate XLIV was then compared with cis and trans benzoates of 2.n. 

propylcyclopentan.1.o1 (XLV ~~d XlJV) which were synthesized by another 

route (Scheme"lX). 

The benzoates XLIV and XLV were synthesized in the following 

manner. Cyclopentanone was alkylated with allyl eromide (XL) via the 

magne sium salt of its cyclohexylimine XXXIX to give 2.allyl cyclopentanone 

XLI in moderate yield44 • Reduction of XLI with lithium aluminum hydride 

in diethyl ether gave both cis and trans.2.al~}cyclopentan.1.o1 

(XLIIla and XLrIa) which were separated by careful column chromatography 

on silica gel. Each separated isomeric alcohol was then benzoylated 

with benz9yl chIo ride in pyridine69 and catalytically hydrogenated to 

give cis. and trans.(2.n.propyl cyclopentyl) benzoate (XLV and XLIV) 

respectively. 

In order to prove the stereochemistry of XLIV and XLV~' the 

isomeric alcohols XLrla and XLIIIa were first transformed into their 

respective tetrahydropyranyl ethers XLIIb and XLIIlb85 • The olefinic 

linkage was then cleaved to the corresponding acid using sodium periodate 

with a trace of potassium permanganate in an aqueous potassium carbonate 

solution at room temperature46 • The resulting potassium carboxylate was 

then acidified with 10% sulfUric acid and stirred at room temperature 

for four hours. Under these conditions the tetrahydropyranyl ether 

cleaved to give a hydroJ~ acid. In the case of XLIIlb, the product 

isolated after th1s sequence of reactions was the t .lactone XLVII 
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(~ 1776 am-1
). The hydroxy acid must therefore have had the cis 

max 

configuration. Under the same reaction conditions, the epimer XLllb 

gave the hydroxy acid XLVI (~max 3610, 3370, 3300-2500, 1710 cm-1
) 

with no evidence of lactonization. The acid XLVI must therefore have 

the trans configuration. The assignment was further corroborated by 

the TLC behaviour of the corresponding olefinic alcohols XlJIla and 

XLIla, in which the cis-compound XLIIIa had a larger Rf value than 

i ts epimer XLIIa. 

Having thus identitied the cis. and trans.(2-n.propylcyclo. 

pentyl) benzoate, a direct comparison could be made with benzoate 

obtained from 2-propargylcyclopent-3-en.l.o1 (XYJC). Camparison of 

inf'rared and n.m.r. spectra, and Rf values on TLC system showed that the 

saturated benzoate obtained fram XXX was identical with trans.(2-n-

propylcyclopentyl) benzoate (XLIV) and ditferent from the cis isamer (XLV). 

The comparisons of the n.m.r. spectra gave the hast proof for this 

assignment. The chemical shift of the proton Olto the ben~oate group in 

the cis isomer XLV was 5.32 ppm while that of the trans isomer XLIV was 

4.95. 

The stereochemistry of the displacement of 1,2.epoxycyclopentene 

was, therefore, found to be consistent with the general stereochemical 

course of SN2 reactionson epoxides47 • 

Trans.2-propargylcyclopent-3.en-l.o1 (XXX) was pyranylated 

in the usual way86. The terminal acetylene of the tetrahydropyranyl ether 

XXXlla was then alkylated with 4.tetrahydropyranyloxybutyl bramide XIXb 

using lithium amide in liquid ammonia31 • This gave 2.[7.tetrahydropyranyl­

oxy_2.heptyne]-1-tetrahydropyranyloxycyclopent-3.ene (XXXIIb) in 80% yield. 

The next step was the addition of carboethoxy carbene to the 



43 

double in XXXIIb in order to introduce the [3.1.0]-bicyclic system. 

Although this carbene, generated from ethyl diazoacetate by heating 

with copper powder catalyst, will add to triple bonds12 ,32,48, the 

addition has been found to be selective to the double bond on reaction 

with hex_1_en_4_yne49 • AIso, since triple bonds are generally less 

susceptible to electrophilic attack than double bonds36 , it was thought 

that the desired selectivity wou Id be achieved on XXXIIb. 

When the reaction was carried out at 100°, two products were 

isolated from the reaction mixture in approximately equal amounts. In 

the first compound, XlOCIV, obtained in 24% yield, the carbene added only 

to the triple bond forming a cyclopropene (M+468; -V 19:)0 crn-1
; 

max 

~ .5. '10 ppm) while in the second compound, XXXV, obtained in 2&f, 

yield, addition occurred both to the triple and double bonds (M+.5.54, 

v 1900 cm-1
). All spectroscopie data was consistent with the structures 

max 

proposed for these two compounds. A detailed interpreta tion of these 

data is given in the Experimental section. The rest of the reaetion 

mixture contained only unreacted XXllIb, diethyl maleate, and diethyl 

fumarate. There was no evidenee of any selective addition to the 

double bond. When the same reaction was carried out at 50° instead of 

100° only addition to the triple bond occurred, i.e., only XXXV was 

isolated in 20-2% yield. The rest of the reaction mixt'lre eonsisted 

of unreacted XXllV, and diethyl maleate (no diethyl fuma rate was observed). 

Again there was no evidence of addition to the double bond. 

The reason for the preferential addition to the triple bond 

in the presence of the double ~ond by the earboethoxy earbene was not 

elear. One explanation could be that the positions of the large tetra_ 



Figure VIII: Ir(CC14 ) and n.m.r.(CC14 ) spectra of 2. [l'.methenyl.2'. 

carboethoxy.3'.(4".tetrahydropyranyloxybutyl).cyclo­

propene].1.tetrahydropyranyloxycyclopent-3·ene (XXXIV). 
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Figure IX: Ir(CCl~) and n.m.r.(CCl~) spectra of 2-[1'-methyenyl-2'­

carboethoxy-3'-(4"-tetrahydropyranyloxybutyl)cyclopropene]-

6-carboethoxy-2-tetrahydropyranylbicyclo[3.1.0]hexane (XXXV). 
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Figure X: Mass Spectra of XXXIV and XXXV. 
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hydropyra~l group on the ring and the long side chain trans to it 

sufficiently hindered both sides of the double bond so that the carbene 

added faster onto the triple bond. This conclusion was supported by 

the fact that the cyclopropene was for.med at 50° to the exclusion of 

any cyclopropane formation. 

Route B 

It was known that bicyclo[2.2.1]heptadiene (XXXVI) on reaction 

with peracetic acid, gave, instead of an epoxide, bicyclo[3.1.0]­

hex..3-en-6-endo-carboxaldehyd.e (XXXVIIa) in good yield2 6. Therefore 

it was thought that the carbene reaction could be avoided by starting 

with XXXVI instead of cyclopentadiene (Scheme VlrIB). 

The endo aldehyd.e XXXVIIa was ketalized wi th ethylene glycol 

in benzene containing a tra.ce of p-toluenesulfonic acid. The infrared 

spectrum of the resul ting ketalXXXV/fbwas consistent wi th the structure 

proposed. However, the n.m.r. spectrum showed two doublets at S 4.33 ppm, 

J = 8.0 cps and 4 • .52 ppm, J = .5 • .5 cps in the ratio 3:1. The absorption 

was due to the methine proton HA coupled with the cyclopropyl proton HB• 

The two doublets indicated that the resulting ketal consisted probably 

endo exo 
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of a mixture of endo and axo isomers. Not enough was known to make a 
definitive assignment. It cannot he completely ruled out that the two 
doublets are due to two confor.mers of the endo isomer arising from 

hindered rotation. This possibility is however unlikely. 

The ketal mixture XXXv.rlb was reacted with peracetic acid at 
0° to give recovered ketalXXXVIIband the epoxide XXXVIII in 5~ yield. 
(In this case the two methine doublets were reversed -- the one with the 
larger coupling constant being at lower field.) The epoxide XXXVIII 
probably consisted of a mixture of ~and P epoxides, the double bond 
having been oxidized from both sides. In the exo ketal, in particular, 
both sides would be relati vely unhindered. 

The mixture of epoxides was then added to propargyl magne sium 
bromide in diethyl ether, to effect a Grignard displacement similar to 
the one obtained for 1,2-epoxycyclopentene. Since cyc1opropyl rings 
have some n character, it was assumed that the Most electrophilic 

position would be at C-2 and that the major compound, as in the previous 
case, would be the desired 3-hydroxy product. After chromatographing 
the product on silica gel, it was found, however, that the reaction mixture 
consisted of only 17% displacement products which in turn was found by 
TLC to be a mixture of six compounds. (Six isomers would be expected if 
one started wi th ô:. and (3 exo and 0:. endo epoxides.) 

Most of the reaction mixture consisted of a ketonic fraction 
(25]6) (v 1750 cm-.1) and a mixture of saturated alcohols (23%) which max 
did not contain a propargyl group. Epoxides reacting with strong, non-
nucleophilic bases are known to undergo rearrangements53 • This type of 



transformation was demonstrated by Cope and co_workersss to proceed 

by the mechanism outlined in Scheme X. 

Schema X5:l 

+ t Bu Li 

+ + 

52 

In the Grignard reaction on XXXVIII, rearrangements rather than 

displacement probably predominated because the ~ side of the epoxide, 

particularly the endo-epoxide, was sterically shielded by the ketal 

group. 

The rest of the reaction mixture (3.5%), was not recovered 

from the column, and probably consisted of polymerie material. 

This route to XXV was also abandoned because of the unexpected 

poor yields and the large number of isomers in the displacement'products. 

There was, therefore, no advantage in this approach over the sequence 

discussed in Chapter I. 



CHAPTER III 

Final steps to the Synthe sis of PGEa Methyl Ester 

To complete the synthesis, the bicyclic ketone XXV had 

to be transfonned to prostaglandin Ea methyl ester (LXXVII). 

C=C~02CH3 
"';;"""--t) 

-~, 

-CH~ 

xxv 

This involved basica1ly four steps: 

o 
" 

LXXVllb 

1. The transfonnation of the olefinic linkage to an appropriate 

53 

leaving group which would give the ring opened homoallylic system upon 

solvolysis. 

2. The separation of PG like material from its 15-epimer.* In 

the synthesis of PGE121, 15-epi PGE1 methyl ester could be separated 

from the solvo~sis reaction mixture by chromatography. 

* c.f. the footnote on p. 1 of this thesis. 
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3. The reduction of the triple bond to a cis-double bond. This 

step can in principle be done by catalytic hydrogenation using 

Lindlar.catalyst85 • 

4. The ep:imerization of 8-iso PGEa to PGEa methyl ester or 

55 

separation of the two isomers. This step was necessary sinee the 

bicyclic ketone XXV was a mixture of C-~ and C-2(3 ep:imers (Chapter I). 

This problem was recently resolved7o when 8-iso_PGE~ was isomerized to 

PGE1 by the reaction of potassium acetate in ethanol at room temperature. 

The equilibrium mixture cnnsisted of PGE1 and 8-iso-PGE1 in the ratio 

of 9:1. 

As has been mentioned in the Introduction, the initial 

solvolysis attempts in the PGE1 synthesis~7'~8'2o were difficult to 

reproduce. In this reaction, the olefin had been transformed to an 

epoxide with performic acid and solvolyzed, in situ, with formic acid. 

Hhen the epoxide XLVIII in the F series had been isolated and solvolyzed 

with fonnic or trifiuroacetic acids, PGF~ methyl ester (L) and its 

C-15 epimer had been isolated in 2.5-10% yields2 ~, :implying 5-20% 

ring opening. The major product in the reaction had been the corresponding 

unrearranged glycol XLIX. A pinacol rearrangement giving LI had also 

been found18 to compete with the cyclopropyl carbinyl rearrangament 

~cheme XIA). Recently it has been reported22 that the solvolysis of 

the dimesylate LI! in aqueous acetone at room temperature gave PGE1 and 

15-epi-PGE~ methyl esters (LIII) each in 5-10% yield. The only other 

product isolated was the glycol monomesylate LIV which could be recycled 

(Schema XIB). 



In any case, the solvolysis of the epoxide or dimesylate 

under conditions of kinetic control gave only 15-20% of the desired 

rearrangement products. In many instances, it was knovm that the 

rearrangement of cyclopropyl carbinyl system gave, under kinetic 

control, the cyclopropyl carbinol as the major product50'51'52'61'62'6~, 

but that under thermodynamically controlled conditions, the homoallylic 

system was favored57 '58. 

In principle, thennodynamic control would be achieved by 

treating the glycol XLIX with mineraI acid. However, one competing 

reaction -- a pinacol rearrangement -- and, in the E-series, the known 

acid instability of the PG which is dehydrated to the PGA campounds, 

made this route unsuitable. It was thought that the problem could be 

solved by solvolyzing the ditrichloroacetate in trichloroacetic acid. 

Under these conditions, a~ regenerated ditrichloroacetate would be 

resolvolyzed, giving effectively thermodynamic control. 

Because of the difficulty in s,ynthesizing the alkylated 

bicyclic ketone XXV and sinee the side chain shoWd not greatly affect 

the yields of rearranged products, the unalkylated ketone XXIV was used 

as a model in the subsequent solvolysis studies. 

The ditrichloroacetate LVI was prepared by treating the 

diol LV with excess trichloroacetyl chloride in pyridine. The glycol 

LV was prepared by first reacting the olefin XXIV with performic acid 

in buffered formic acid and then hydrolyzing the resul ting hydroxy 

fO~late with sodium carbonate in aqueous methanol89 • 

\ 



~\ 
, 

XXIV 

OH 
LV 

The solvolysis of the ditrichloroacetate was carried out at 
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various temperatures in:' trichloroacetic acid, trichloroacetic acid 

and dioxane 1:1, and trichloroacetic acid containing some p-toluene-

sulfonic acid. Pyrolysis of the ditrichloroacetate was also attempted. 

In order to determine if rearrangement had taken place, the reaction 

mixture was taken up in ether and washed with 9% sodium bicarbonate and 

water to remove ail the acid solvent. Seme of the resulting mate rial 

was then treated with 0.% sodium hydroxide in Methanol at !JJ_OOo for 

10 minutes. If rearrangement had taken place, the resulting ,8-hydroxy 

ketone LVII would be converted to the conjugated ketone LXVI in the 

sarne way that PGEj,_3 were converted to PGBj,-3. This compound would be 



easily identified by its ultraviolet spectrWll (i\max 268 mf' E 26,000). 

o 
Il 

) 

OH 

LVII 

o 
Il 

LXVI 

OH 

The results of the solvolyses are summarized in Table ll. 

There was no detectable rearrangement of any of the solvolysis reaction 

carried out in trichloroacetic acid. TLe of the products on silica gel 

(benzene • ether, 7:3) showed only recovered ditrichloroacetate. 

Pyrolysis at 2)00 gave a small amount of rearrangement along with 

considerable charring. At 120.1400 , no reaction took place. 

A solvolysis of the ditrichloroacetate was also attempted in 

refluxing acetone.water 1: 1. These conditions were based on a 

solvolysis of the trichloroacetate of endo.bicycloD.1.~hex.2.en. 

6.yl.methanol (LVIII) in refluxing aqueous acetone reported by Lumb and 

Whi tham5 6. This solvolysis gave a mixture of epimeric 4.vinylcyc1opent­

enols (LVIX) in ~ yield. When these conditions were applied to LVI 
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TABLE II 

Conditions and results of the solvolysis of exo-6_(1',2'­

ditrichloroaceto:x;;rheptanyl)-bicyclo [3.1.0] hexan-3-one (LVI). 

Solvant Temperature Time % Rearrangement* 

C~COOaH 00-65°C 5 min. NONE 

30 min. 

19 ho urs 

8Q°c 45 min. NONE 

1.5 hours 

13 hours 

15 ho urs 

11.JQ°c 15 hours NONE 

C~ COOaH/prSA oooC 12.5 hours NONE 

dioxane/~COOaH 1:1 ref"lux 12 hours NONE 

NONE 230°C 8 min. 4%+ 
decomposi tion 

120-14Qoc 1 hour NONE 

acetone/Ha 0 reflux 4 days 2% 

*Percent rearrangement was determined from the extinction of the ~ /lmax 
268 mf in the ultraviolet spectrum after the base treatment. 
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) HO~ 

LVIIl LVIX 

(the solution having been boiled for four days), 69% of the 

recovered reaction mixture consisted of the starting ditrichloroacetate. 

The remainder cnnsisted of glycol LV and about 2% homo~1ic diol LVII. 

The reason for the failure of this reaction is not clear. 

Two possible explanations are the following: 

1) The reaction might he very slow. No extensive data on the 

reactivity of trichloroacetates, or the solvolysing ability of tri-

chloroacetic acid haVe been reported. 

2) The neighbouring trichloroacetate group may stabilize the 

incipient carbonium ion to such an extent that participation by the 

cyclopropyl group is greatly reduced so that the transition state 

looks more like Ua than LXb. 

yCl3 

"ç\ 
........ ~O~ 0 

LXa LXb 
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Next, it was decided to investigate the solvolysis of the 

dibromide LXI (Scheme XII). This compound should react in a manner 

similar to the dimesylate IJIaa but can he prepared from the olefinic 

ketone XXIV in one rather than the two steps required for the dimesylate. 

The dibromide LXI was prepared by treating XXIV with 

pyridinium hydrobromide perbromide71 in anhydrous chlorofonn at 

room temperature. Two products were obtained. The major (55% yield) 

desired dibromide was separated with much difficulty by column 

chromatography from a minor product. This minor product could not 

he completely separated from the dibromide. However, the infrared 

spectrum of the mixture showed bands at 1720 and 1630 cm-1 wJ:d ch 

suggested an G(, (3 unsaturated, five-membered ring ketone. Such a 

compound would he fonned if, during the bromination reaction, rearrange­

ment occurred as welle Since the reaction was done under slightly acidic 

conditions in an aprotic solvent, elimination might occur to give 

the oC, (3 unsa tura ted ketone LXII as shown in S cheme xn. 
The dibromide LXI was solvolyzed in aqueous acetone at room 

temperature. The reaction was followed by TLC on silica gel (banzene­

ether 7:3). After 62 hours two spots different from the dibromide 

(Rf 0.86) were obser-ved. The first (Rf 0.39) was much more intense the.n 

the second spot (Rf 0.05). The compounds were separated by preparative 

TLC after solvolysing for 112 hours. The compounds recovered from the 

reaction mixture consisted of the dibromide LXI (63%), the unrearranged 
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bromohydrin LXIII (1~), (M+ 289, 291; mIe 210, M+ _79Br, 81Br) and a 

slow moving f'raction (~) which was f'ound to be a mixture of' f'our 

compounds. The low Rf' value of' this mixture suggested that it consisted 

of' diols. Probably the mixture contained some rearranged product, but 

there was not enough material available to characterize it properly. 

It was at first thought that rearrangement had occurred beca.use 

when the crude product was treated with O.~ sodium hydroxide in 

methanol at !1J 0 , a compound was obtained that gave the correct ultra­

violet absorption f'or LXVI (À =H 268 mf ' E 8,!1JO). It was 

subsequently f'ound that LXVI had indeed f'onœd, but via the epoxida 

LXVa, which in turn, was f'ormed f'rom the bromohydrin LXIII. It has been 

shown2 0, that under these basic conditions the epoxide LXVa will rearrange 

to LXVb. With f'urther base treatment, LXVb isomerizes to the completely 

conjugate ketone LXVI. 

The structure of' the bromohydrin LXIII was proven by synthesizing 

it directly f'rom XXIV using N_bromosuccinimide80 • Oxidation of' LXIII 

with Jones reagent at 0° gave LXIV in good y:Lt:tld (V max 1748, 1700 cm-1 81 

4.27 ppm, 1H, triplet, J = 6.5 cps.) 

The dibromide solvolysis was much slower than that of' the 

dimesylate but f'aster than that of' the ditrichloroacetate. This order 

of' reacti vi ty of' the lea ving groups is the expected ones 9. 

Since the generation of' a "normal" carbonium ion gave products 

of' rearrangement in less than 20% yield, it was decided to try to 

generate a "hot" carbonium ion, LXIX, by nitrous acid deamination of' 

the amine82 LXVIII (Schema XIII). 
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Addition of iodine isocyanate60 to the olefin"XXIV gave the 

iodo isocyanate LXVII in good yield. The mode of addition follows from 

subsequent reactions. The isoqyanate was hydrolyzed to the amine LXVIII 

in aqueous acetone. This was not isolated but. treated, in situ, with 

forndc acid and sodium nitrite at _4°. After one hour at this tempe rature 

and 3.5 hours at 25°, the only compound isolated was the unr.e~rr~nged 

iodohydrin LXX (H+ 336; mIe 209, M+ -I) • If any rearrangement did .', 

occur, it was to an extent of less than 10%, and certainly no higher 

than in the dimesylate solvolysis. 

The structure of the iodohydrin LXX was proven by its n.m.r. 

spectrum which showed no olefinic proton resonance in the J 6.0-5.5 ppm 

region. Its Jones oxidation product LXXI showed a low field triplet 

at 4.48 ppm, J = 4.0 cps (100 MC n.m.r.) as in the case of the 

bromoketone LXIV. 

Considerable work has been done to study the cyclopropyl-

carbinyl solvolysis and to understand the nature of the carbonium ion 

which was involved. 55 Although rate enhancement of the solvolysis due 

to the participation of the cyclopropyl group adjacent to the leaving 

group has been widely demonstrated19'61'50'51'52~ the exact nature 

of the carbonium ion is controversia155 '57'62 and the extent of 

rearrangement in various cyclopropylcarbinyl systems under similar 

solvolytic conditions is quite unpredictable19 '56'67'63. 

~ The solvolysis results obtained in this work aIso support this 
conclusion. The leaving group adjacent to the cyclopropyl ring in the 
dibromide LXI and iodo amine LXVIII deamination was solvolyzed much 
faster than the other one. In the case of the iodohydrin LXX, the 
iodide could not be sol volyzed to the diol when refiuxed in aq ueous 
acetone for 24 hours. 
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The reason for the limited rearrangement in the bicyclic 

system discussed in this chapter may depend on a numher of factors. 

6é' 

The most probable explanation (which was previously discussed) is the 

participation of the neighbouring group with the formation of the 

carbonimn ion of type LXa which minimizes the effect of the cyclopropyl 

group. Each of the neighbouring groups (bromine, trichloroacetate, 

mesylate, iodine) was able, in principle, to participate in such a way. 

However, the higher rate of solvolysis of the group next to cyclo­

propyl ring suggests some participation by it. Therefore other factors 

must also influence the extent of rearrangement. The stereochemical 

arrangement of the leaving groups to the migrating bond19 '65 and the 

amount of ring strain in the transition state caused by bond breaking 

and rearranging63'6~'65 have been found to greatly influence the type 

of products obtained in a solvolysis. In the solvolysis reactions 

discussed above, only the exo-bicyclic ketone XXIV was used, based on 

the results ofWiberg and Ashe19 • However the compounds studied by 

this group are quite different from XXIV and more favorable results 

might he obtained if the configuration of XXIV were endo. 

Since the solvolysis of the dimesylate in aqueous acetone 

gave best yields of rearranged compounds of the systems that were 

investigated, and sinee the by-product of the reaction, the hydroxy 

mesylate, could be recycled this seemed to he the best system to use 

for the final steps in the PGEa methyl ester synthesis (Schema XIV). 

6-Exo-( l' -heptenyl)-2<and f3-( 6' • -carbomethoxy-2-hexynyl) 

bicyclo[3.1.0]hexan-3-one (XXV) obtained from the alkylation reaction 
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described in Chapter I, was reacted in buffered fomic acid with '3IJ% 

hydrogen peroxide89 • The resulting hydroxy fomate was hydrolysed with 

sodium carbonate in aqueous Methanol, to give the diol LXXIIa in 

87% yield (M+ 364, mie 263 vicinal diol cleavage). Since both the 

cis and trans olefins were present in XXV, the diol consisted of a 

mixture of erythro and threo isomers2 1. • 

The diol was then treated with an excess of methanesulfonyl 

chIo ride in anhydrous pyridine at .100 c. The reaction was worked. up 

in the cold and gave the corresponding dimesylate LlXIIb in 78-8~ 

yields. The n"m.r. spectrum of the crude d.:i.mesylate, which consisted of 

eight isomers (threo and er,ythro configurations for each cis and trans 

orientation of the ring substituents) showed four peaks due to the 

methyl protons of the mesylate groups (189.8, 189.1, 188.0, 187.2 cps). 

TLC on silica gel (benzene.ethyl acetatel:l) of the crude d.:i.mesyla.te, 

however, showed on~ one spot. 

The solvolysis of the d.:i.mesylate was carried out in a cetone. 

water (2:1) at room tempe rature (22.25°) for 36 hours in a nitrogen 

atmosphere. The reaction was followed by TLC on silica gel (benzene. 

ethyl acetatel:l) and was found to be more than 95f, complete after 

this time. The products had less mobility than the dimesylate on silica 

gel in either benzene-ethyl acetatel:l or ethyl acetate, and were 

clearly separable from the starting material. USing ethyl acetate as 

the solvent system, the mixture was found to cnnsist of five components. 

The two major products (Rf 0.62 and 0.48) were hydroxy mesylates LXIII, 

where eight isomers would be expected as in the case of the starting 

dimesylate. A minor product (Rf 0.37) was also hydroxy mesylate but it 
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was never obtained pure for proper characterization. The two other 

bands (Rf 0.29 , 0.19) were identified as 15-epi-5-dihydro PG~ (LXXV) 

and 5-dehydro PGEa (LXXIV) methyl esters respecti vely • Each epimer 

consisted of a mixture of 8_oC andpisomers'. A small amount (1-2%) 

of dimesylate was also recovered. 

The yield of the recovered hydroxy mesylates based on the 

starting dimesylate was 7O-eo%. The 100 MC n.m.r. spectrum of each 

of the major products was identical. Each compound exhibited two sharp 

peaks at 310.0 and 307.9 cps assigned to the methyl protons of the 

mesylate. When two major hydroxy mesylates, Rf 0.62 and 0.48, were 

remesylated and solvolyzed independently, the same mixture of products 

as described above, was obtained. 

The two epimeric prostaglandins LXXIV and LXXV were obtained 

in 11_1/5% yield from the dimesylate. The slower moving epimer LXXIV 

was found to have the same Rf value on silica gel as PGE2 methyl ester 

using ethyl acetate as the solvent system. On 10% silver nitrate 

impregnated silica gel, the PGEa methyl ester had lower mobili ty than 

LXXIV and LXXV, which virtually moved together in both the MIrI and AIX 

solvent systems 90 • AIso, it was found that LXXIV was more active than 

LXXV in a bioassay on a Sllooth muscle (Table IV). The pa with natural 

configuration at C-15 is known to be more active than its 15-epimer. 93 

Therefore LXXIV was postulated to have the natural and LXXV the 

unnatural configuration at C-15. 

Spectroscopie data were consistent with the prostaglandin 

structure for both UXIV and LXXV. The mass spectrum of both eompounds 

was identical except for snall differences in intensi ties of some peaks. 
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The fragmentation pattern was consistent· with the structure and some of 

the more :important !:ragments are listed in Table III. The 100 MC n.m.r. 

spectrUIll of ~V and LXXV was consistent wi th the structure (cS 5.9-

5.2 ppn, 2H, multiplet, liC=C!!; 4.1 ppn, 2H, multiplet, Cll,-O; 3.68, 3H, 

singlet, OC[,). The spectrUIll ~ the two ep:imers differed slightly in 

the chemical shift of the olefinic.proton multiplet and the protons 

to the hydroxy group. In the 15-epi-5-dihydro PGEa methyl ester (LXXV) 

these protons absorbed at &aghtly lower field (2-3 cps) than in 5-

dehydro-PGEa methyl ester (LXXIV). The infrared spectrUIll was identical 

for the two compounds and consistent for a compound having two hydroxy 

groups, a methyl ester and five-membered ring ketone (v 3lI00, 1740, max 
1163, 1080 cm-1

). The infrared spectrUIll of PGEa methyl ester obtained 

from na tural PGEa differed only slightly in the finger print region 

from that of the 5-dehydro-PGEa. 

A small amount of the mixture of LXXIV and LXXV was trea ted 

with 0.5% sodiUIll hydroxid.e in methanolat 38_48°' for 1.5 hours. The 

ultraviolet spectrUIll of the reaction mixture was taken in Methanol at 

various t:imes as the reaction progressed. After 5 minutes at 38° 

6275 was l~,OOO. This rose to 28,300 after 1.5 hours. The compound 

fonned was 5-d.ehydro-PGBa methyl ester (LXXVI) confirming that LXXIV 

and LXXV were PGE like material. When the solution was further heated 

or if the reaction was carried out in refluxing Methanol (66°) even "for 

short times (15 to 20 minutes), the chromophore was found to disappear. 

Presumably LXXVI d.ecomposes und.er the se more Vigorous conditions. 

In an attempt to get the pure 5-dehydro-PGE2 methyl ester 



Figure XI: Ir(film) and 100 MC n.m.r.(CDCl3 ) spectra of &c. and t9-

5-dehydro-PGEa methyl ester (UXIV). 
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Fïgure XII: Ir(film) and 100 MC n.m.r.( CDC~) spectra of 8~ and (3-

15-epi-5-dehydro PG~ methyl ester (LXXV). 
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Figure nI!: Hass spectra of 80(' and P-.5-dehydro-PGEa methyl ester 

(LXXIV) and 80<: and ,'3-15-epi-5-dehydro-PGEa methyl 

ester (LXXV). 
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TABLEITI 

Interpretation of the major fragments of 5-dehydro-PG~ methyl esters 

LXXIV and LXXV, and PG~ methyl esters LXXVIT and LXXVITI 

Compound m/e Fragment 

5·dehydro.PG~ methyl 346 + M .H2 O 
esters (LXXIV) and + (LXXV) 328 11 .2HaO 

315 m/e )46.0CH3 

297 m/e 328.0CH3 

285 m/e 328.~H7 

293 + H .CsHu 

275 m/ e )46.CsHu 

317 m/ e 346.HC:O 

UJ7 m/e )46.caHuOa • 

PG~ methyl esters 348 rt.HaO 
(LXXVIT) and (LXXVIII) 

+ 330 M .2HaO 

317 m/e 348 • OCH3 

316 m/ e )48 • HOCH3 

299 m/ e 330 • OCH3 

298 m/ e 330 • HOCH3 

299 + M • CsHu 

277 m/ e )48 • CsHu 

208 m/e 348 • CaH120a 

19:) m/e 208 - HaO 
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(uncontamina'ted wi th the 8-isoepimer), the isomeric mixture LXXIV was 

treated with ~ sodium acetate in Methanol for seven days at roon 

temperature. This was too long a time since an appreciable amount 

of 5-déhydro-PGBa znethyl ester (LXXVI) had formed and the 5-dehydro-PG~ 

could not be obtained pure from the reaction mixture. However, this 

impure product was submitted for bioassay along with the isomeric 

mixtures of LXXIV and LXXV. 

The bioassay was done in vitro on a strip of isolated smooth 

muscle, rat stomach fundus, using natural PGE1 as the reference. This 

did not give a quantitative measure of the ..5-dehydro-PG~ methyl 

ester activity. However, a qualitative measure and relative actiiZity 

was obtained. It was found that the activity of the synthetic, 

acetylenic prostag~dins was less than. that of PGE1 • The pattern 

of relative activity, which has been observed for other prostaglandins 93 , 

was also noted in this series. That is, the unnatural, 15-epi LXXV 

was found to be considerably less active-than the natural C-15 isomer, 

LXXIV. Also, isomerization of LXXIV increased its activity suggesting 

that the natural isomer at C-8, which should predominate under the 

reaction conditions70 , was more active than the 8-iso epimer. The 

results are summarized in Table IV. 

The final step in the synthesis of PG~ methyl ester was 

the reduction of the acetylenic bond to a ois double bond. This was 

achieved by catalytic hydrogenation using Lindlar ca~lyst poisoned 

with quinoline85 • The reaction, however, was very sluggish with the 

prostaglandins (simple acetylenic compounds such as phenyl acetylene 

were easily reduced) and the reaction was incomplete even when it was 



allowed to continue for 24 hours. (The reaction should be complete 

in 10 to $X) minutes8S .) It was found tha t when the catalyst was 

poisoned with only 1-3% quinoline* (by we~.ght), the reaction was 

complete and 80{' and f3-PGEa methyl ester(LIXVIIa) was isolated in 63% 

yield. The 15-epi-5-dehydro-PGEa methyl ester was hydrogenated in 

the same way to LXXVIII. 

The 15-epi PGEa methyl ester (LXXVIII) was characterized 

by its mass spectrum. The fragmentation was the same as for the 
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PGEa methyl ester obtained by Bergstrom et a191• The interpretation of 

the major peaks is given in Table III. Exact mass measurement of 

mIe 348 was correct for ~1H3204 (Calcd 348.230045; Found: 348.229694).· 

The fragment mIe 190 was particularly characteristic of PGEa methyl 

ester since it was one of the most abundant fragments. Exact mass 

m~asurement was consistent with an empirical formula C13H2002 

(calcd. 1$X).135758; Found, 190.1359$X)) or the loss of the ester side 

chain with hydrogen transfer and loss of water from ~ 1H320q.. The 

fragmentation could have occurred by one of two ways: 1) side chain 

cleavage followed by hydrogen capture or 2) a concerted hydrogen 

transfer involving an eight-membered ring. Since such a fragmentation 

was not found in the 5-d-ehydro-PGEa methyl ester and since mIe 1$X) was 

a very abundant fragment, the hydrogen capture mechanism was ruled out. 

The proposed fragmentation scheme is given below. 

* The original procedure8S uses 5% or more quinoline. 



+OH 

, 

OH OH 

mie 348 mie 20S 

+OH 

mie 190 

TLC camparison of mobilities of synthetic PGEa methyl ester 

and its C-15 epimer with the methyl ester of natnral PG~ on silica 

gel (ethyl acetate) and 10% silver nitrate impregnated silica gel 

(Mm) confirmed the stereochemical assignment of LXXVIIa, ahd LXXVIII 

at C-15 (Table V). 

The mixture of 80e and (J-PGE2, methyl ester was treated 

with J% ethanolic potassium acetate solution for 94 hours at 22°. The 

resulting reaction mixture consisted of mainly 8c('..PGEa methyl ester 

LXXVIIb(80%), 8t(-PGA2, methyl ester (LXXIX) (18%) O'max 217 mf, 

E: 9,000; M+ 348) and PGBa methyl ester (2%) (~ax 277 mf). The 

stereochemical assignment at C-8 was made on the basis of the bioassay 



Table IV 

Results of the bioassay of: A. the synthetic 

.5-dehydro PGEa methyl ester for smooth muscle 

stimulating activity using the rat stomach 

fundus*, B. the synthetic PGEa methyl esters 

for smooth muscle stimulating activity using 

gerbil colon*. 
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Compounds tested Weight (x 1O-9g) of 
material required for 
equivalent contraction 

Potency 

A. Natural PGE1 

8ceand ~_l.5-epi-5-

dehydro PGEa methyl 

ester(LXXV) 

8ce and f3-.5-dehydro 

methyl ester (LXXIV) 

Epimerized LXXIV 

Mixture of LXXIV and LXXV 

B. 8ccand ,e-l.5-epi PGEa 

20 

720 

192 

160 

256 

1.0 

0.028 

0.10 

0.13 

0.078 

methyl ester(LXXVIII) 0.21 

8C1C. PGEa methyl ester 

(LXXVIIb) 3.38 

~ Bioassay carried out by Dr. L. Wolfe, Montreal Neurological Institute, 
Montreal, Canada. 

* Bioassay carried out by Dr. J .R. Weeks, The Upjohn Company, Kalamazoo, 
Michigan. 



on the smooth muscle, gerbil colon9~ (Table IV) and by analogy to 

the results of the epime~zation of 8_iso_PGE1
7 0. 

The isomerization product LXXVIIb was found to he of very 

high biological activity, and in the expected order of potency93. 

Although PGE1. and PGEa acti vi ty has not heen compared on gerbil 

colon, it was estimated93 that PGEa would be several fold more 

potent. On the rabbit duodenum, the activity of PGEz was about 

three fold PGE1. and they were about equal on guinea_pig ileum95 • 

Further, in tests on other prostaglandins, i t has l'lot heen found that 

esterification with methyl has any great effect on activity in 

isolated muscle baths. 

TABLE V 

Rf values on silica gel 

10% AgN03/MIII Ethyl acetate 

PGEa methyl ester 
from natural PGEa 0.31 0.27 

PGEa methyl ester 
LXXVIIb 0.31 0.27 

15-epi-PGEa methyl 
ester LXXVITI 0.32 0.35 

5-dehydro-PGEa 
methyl ester LXXIV 0.39 0.27 

The n.m.r. (100 MC) spectrum of LXXVTIb was consistent with 

the structure. The spectrum was the same as that for 5-dehydro PGEa 

methyl ester (LXXIV) except that a second multiplet appeared in the 
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Fïgure XIV: 100 MC n.m.r. (CDC13 ) and mass spectra of synthetic PG~ 

methyl ester (LXXVIIb) • 
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Figure XV: Mass spectra of 3DC and (3 -15-epi-PG~ methyl ester 

LXXVIII and ~PGA2 methyl ester LXXIX. 
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olefinic proton region (J 5.4 ppn) which integrated for two protons. 

The olefin, cC -hydroxy and ester methoxy protons were found to be in 

the correct ratio (4:2:3) for PGEa methyl ester. 

The infrared spectrum of LXXVIIIb was identical with that 

of the natural PGEa methyl ester. 

The mass spectrum of LXXVIIb was identical with that of 

LXXvnI and the natural PGEa methyl ester except for the intensi ties 

of the fragments mIe 190 and 20~. In the case of LXXVIIb the m/~-208 

fragment was consistent~ more abundant than the mIe 190 fragment. 

Although when the spectrum was taken at 1550 and the probe was kept 

in the source for 40 minutes, the relative abundance of the two 

masses changed and became nearly the same. In the spectrum of 

natural PGEa methyl ester taken on the same mass spectrometer a t 160° 

gave a more abundant mIe 190 mass, the mIe 208 fragment being about 

62% as abundant. On the other hand, in the MaSS spectrum reported by 

Bergstrom et al. 91, the m/ e 208 fragment was only 1;% as abundant as 

mIe 190. In the spectr\lIll of PGA2 methyl ester also taken at 1é~0, 

mIe 190 Wd.S again found to be very abundant, while the relative 

intensi ty of ml a 208 was only 2% of the m/ e 1 SO fragment. The reason 

for this variation in relative intensities of the mIe 190 and 208 

fragments was not understood. From the rest of the fragmentation 

pattern, other spectral data, mobility on TLC and results of the 

bioassay, it W&S clear that PGEa methyl ester had been obtained. 



EXPERIMENTAL 

CHA.PTER l 

1_Tetrahydrop.yranylox.y.2_prop.yne (XIIb). The ether XIIb was prepared 

according to the procedure of H.B. Henbest et al. 66 • 

~. calcd. for CaH1.aOa: C, 68.54; H, 8.63 

Found: C, 68.40; H, 8.77 

6-Chloro-2-hexyn-1-o1 (XIIIa). The chloro alcohol XIIIa was prepared 

according to the procedure of M. Duchon D'Engenieres et al.3l 

~ •. Calcd. for C6H90CI: C, 54.11; H, 6,,79; Cl, 26.79 

Found: C, 54.39; H, 6.75; Cl, 26.09 

The by_product XXVI isolateda5 from the reaction mixture 

was assigned this structure on the basis of the following spectral 

and analytical data: i.r.(CCI~) 3070 cm-1.(=CH) 2230 cm-l(~C), 

16~ cm- l ( C=C), 1085 cm-1. (C-O.C); n.m.r.( CCI~) S 6.5-5.5 (m,3H, 

HaC=CJ!) , 4.03 (t, 2H, J = 2.0 cps, OC,!kC=), 3.9 (m, 2H, =CC,!kO), 
~ 

3.62 (t, 2H, J = 6.0 cps, C!kCI), 2.6_1.8 (m, 4H, ECCHaC]a). 

~. Calcd. for C9H1.30CI: C, 62.61; H, 7.54 

Found: C, 63.21; H, 7.55 

1-Tetrahydromanylox.y_6.chloro_2_hex.yne (XIIIb). This was prepared 

according to the procedure of M. Duchon D'Engenieres et al.31. 

~. Calcd. for C1.1.H170aCI: C, 60.93; H, 7.91; Cl, 16.39 

Found: C, 61.08; H, 7.76; Cl, 16.31 

*In n.m.r. descriptions, s = singlet, d = doublet, t = triplet, 
qu = quartet, q = quintet, m = multiplet. 



l-Tetrahydropyran.ylox.v_6_iodo-2-hex.yne (XIV). 1.Tetrahydropyranyl­

oxy.6.ehloro.2.hexyne (XIIIb) (2.1g) was plaeed in 50 ml aeetone 

eontaining 1.1 eq ui valents of sodium iodide. The solution was 

refluxed for 15 hours with stirring. A white preeipitate (sodium 

ehloride) i'onned as the reaetion progressed. Aner eooling the mixture 

to room temperature, the reaetion was worked up as usual with ether!' 

The yield of XIV was 9&1>: i.r. (film) 665 cm·
1 

(C-CI); n.m.r.(CCI4 ) 

~ 3.30 ppm (t, 2H, J = 6.0 cps, C!kI) instead of $ 3.57 ppn 

(C!k Cl) • Otherwise there 'tr1as no change from the spectrum oi' XIIIb 

in either i.r. or n.m.r. 

6.Cyano.2.he~yn.l.o1 (XVa). 6.Chloro.2.hexyn.l.o1 (XIIIa) (6.75 g) 

was dissolved in 30 ml anhydrous miSO (i'reshly distilledarer calcium 

hydride under nitrogen). To this was added 1.1 equivalents oi' 

sodium cyanide which had been dried overnight at )00' in vaeuo. The 

reaetion solution was always kept under é\ stream oi' dry nitrogen to 

ensure anhydrous conditions. The mixture was then heated at 90° in 

an oil bath while the solution was magnetieally stirred. 67 On 

heating, the granular sodium cyanide erystals were replaced by a 

galatious preeipitate. After heating for 5 hours, the solution was 

cooled to room temperature, diluted with water and worked up as usual 

with ehlorofonn. The resulting oil, which still eontained Dl1SO, 

* Unless otherwise mentioned, the tenn "worked up as usual" means 
extraction w.i. th a specified solvent, washing the eombined extracts 
with water and saturated aqueous sodium chloride, drying over anhydrous 
sodium sulfate or Magnesium sulfate i'iltering and i''inally ~vaporating 
the solvent in vacuo. 



was chromatographed through a column of silica gel (benzene~ther 9:1) 

and the hydroxy nitrile JCVa.~ . was obtained in ~ yield: i.r. (CHC~) 

3580, 3420 crn- 1 (OH), 22.50 cm-1 (C:N, o.:C); n.m.r. (CDC~) ~ 4.48 (t, 

2H, J = 2.0 cps, OCHa C:), 3.0-2.4 (m, 4H, =CCHa , CHa C=N), 2.3-1.8 

(m, 2H, CHa), 2.72 (.s, lH, exchangeable, Q!!.). 

1..A.cete,ly.6-cyano-2-hexyne (XVb). The crude hydroxy nitrile XlIIa was 

dissolved in 100 ml dry pyridine and a slight molar excess of acetic 

anhydride was added. This was heated at 60° for 1.5 hours. The 

pyridine was then stripped off in vacuo and the residue was eluted 

through a silica gel column with benzene followed by benzene-ether 

9:1. The yield of the acetate was 82% based on the starting hydroxy 

chloride, XIIla: i.r. (CCIIJ-) 2244 cm- 1 (C:N, o.:C), 1745 cm-1 (C=O), 

-1 . 
1268 cm (e-O-C); n.m.r. (CCIIJ-) d 4.58 (t, 2H, J = 2.0 cps, 

o CHa C:), 2.02 (s, 3H, CH3 CO) • 

~. Calcd. for C9H110aN: C, 65.45; H, 6.67; N, 8.48. 

Found: C, 65.29; H, 6.73; N, 8.55. 

Hethyl 4-bromobutyrate (XVIIlb). The crude 4-bromo butyric acid 

(XVIIla), prepared :t'rom the procedure of Avison et a1. 3 1J-, was treated 

with ethereal diazomethane3S at 0°. The ether was then removed 

in vacuo. The product distilled at 77°/15 mm: i.r. (CCIIJ-) 1778, 

1740 cm-1 (0=0); n.m.r. (CCIIJ-) ~ 3.59 (s, 3H, OCH3 ), 3.38 (t, 2H, 

J = 6.0 cps, CHa Br), 2.63-1.96 (m, 4H, C!k C!k CO). 

~. calcd. on CsH90aBr: C, 33.15; H, 4.97; Br, 44.19 

Found: C, 33.42; H, 5.06; Br, 43.98 
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4-Bromobutanol Qaxa). A one liter, three-necked, round-bottom fiask 

was fitted with a themometer (low temperature), dropping funnel, 

mechanica1 stirrer and nitrogen gas inlet and outlet. Under a 

stream of nitrogen, the flask l'TaS charged with 25) ml of anhydrous 

ether and 3.05 g lithium aluminum hydride. The stirred slurry was 

cooled to .60° in a dry ice.methanol bath and 23.8 g (0.130 moles) 

of ester XVIllb,dissolved in 200 ml anhydrous ether, was slowly 

added so that the tempe rature did not go above _5)0. After addition, 

the reaction was kept below _60° for 1.5 hours, then slowly allowed 

to warm to -10°. The reaction 't'ras then quenched with 200 ml of 2N 

sulfuric acid and worked up as usual with ether. The resulting alcohol 

XIXa t-Tas obtained in 95% yield (b.p. 48.49°/Jrmn): i.r.(CCl~) 3630, 

3300 cm- 1 (OH), 1060 cm-1 (C-O); n.m.r.(CCl~) ~ 3.68 (t, 3H, J = 
6.5 cps, ~O), 3.46 (t, 3H, J = 6.0 cps, CH? Br) , 2.25-1.5) (m, 4H, 

C!k GH2 ), 4.62 (s, lH, exchangeable, og). 

~. Calcd for C~H90Br: C, 31.37; H, 5.88; Br, 52.22 

Found: C, 31.49; H, 5.83; Br, 51.98 

4-TetrahydroBvranyloxybutyl bromide (XIXb). One equivalent of the 

. above alcohol was treated (neat) 'tdth a slight molar excess of 3,4-

dihydropyran and three drops of phosphoru.s . oxychloride. A vigorous 

exother.mic reaction started almost immediately after the phosphor~$ 

oxychloride had been added (in one instance, the reaction started 

without addition of catalyst, probably because the mixturewas 

contaminated with some mineral acid). The reaction temperature was 

controlled with an ice-water bath. After the ·.~xothermic reaction 

had subsided, the reaction mixture was stirred at room tempe rature 



for three hours. The mixture was then taken up in ether and washed 

twice with 5fo aqueous potassium hydroxide, followed by the usual 

work up procedure. The resulting tetrahydropyranyl ether could be 

distilled at 82.84o j2mm as long as the distillation apparatus was 

~ .. 

acid free, otherwise the tetrahydropyranyl ether would cleave. 

Purification was also achieved by column chramatography on silica gel 

using hexane, then hexane-benzene mixtures (2.5 to 20%) as the solvent 

system. The yield of XIXb was better than· 9:Jfo: i.r.(CCI~) 1143, 1130, 

1038, 1028 cm-1 (C-O-C), 914, 872 cm-1 (C-C-C); n.m.r.(CCl~) J 4.53 

(m, 1H, lic ketal), 4.05-3.18 (m, 6H, 2 (O~), CHaBr), 2.25-1.35 

(m, 10H, ~). 

~. Calcd. for C9H170aBr: C, 45.59; H, 7.17; Br, 33.75 

Found: C, 45.33; H, 7.38; Br, 33.93 

7-TetrahydroByranyloxy_2-heptyn-1-o1 (XXa). A:J)O ml, three-necked, 

round-bottom flask was fitted'Ni1h.a Claisen adapter on the middle neck, 

and a stop-cock adapter (nitrogen inlet) and dropping funnel on the 

other two necks. A mechanical stirrer was passed through the middle 

neck and a dry-ice condenser was placed on the other arm of the 

Claisen adapter. The system was flushed with nitrogen gas an4 flame 

dried. The reaction flask was charged with 0.22 moles lithium amide, 

the flask and condenser 'were then cooled to _Boo (isopropyl alcohol­

carbon dioxide), and 200 ml ammonia was distilled through the 

condenser into the flask. It was not found necessary to redistill 

thE;! ammonia from sodium metal. After the distillation, the system ioTas 

again flushed with nitrogen and the dropping funnel was charged 
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with 0.10 moles propargyl alcohol in 30 ml of anhydrous ether. The 

alcohol was added dropwise with stirring. The coolant from the flask 

was then removed and the solution was stirred for 2 hours. A:f'ter this 

time, the dropping funnel was charged wi th 0.09 moles of the bromide 

(XXVIb), in 20 ml of anhydrous ether under a positive nitrogen pressure. 

The bromicie was added dropwise and then the reaction mixture was stirred 

for 6 ho urs at ... 330 (refluxing ammonia). After this time the reaction 

was quenched by the addition of 0.05 moles of ammonium chIo ri de and the 

ammonia was allowed to evaporate overnight. The resulting solid mass 

was then taken up in water and ether. The ether was separated and the 

aqueous phase was further extracted (six times) with ether. The work 

up was then continued in the usual way. The crude reaction product 

was chromatographed on a silica gel column (30 g silica gel to 1 g 

mixture). The column was eluted with hexane containing increasing 

amounts of ethyl acetate (2.1/6-20%). 

The compounds that were isolated from the reaction mixture are 

gi ven below in the orcier that they were eluted off the column. 

1. 4-Tetrahydr0BITan,yloxybut.yl proparg.yl ether (XXb) was eluted 

with 2.5 ... 5% ethyl acetate in hexane and obtained in 2.5-% yield: 

i.r. (CCI4 ) 3310 cm-1 (:CH), 2120 cm-1 (C:C, terminal), 1124, 1105, 

1079, 1038 , 1023 cm-
1 

(C-O-C); n.m.r.( CC14') cS 4.53 (m, 1H, liC ketal) , 

4.09 (d, 2H, J = 2.5 cps, 0c& 0:), 3.9-3.1 (m, 6H, 0C&), 2.57 (t, 

1H, J = 2.5 cps, =CH), 1.8_1.4 (m, 10H, C&). 

~. Calcd. for C12Hao03: C, 67.89; H, 9.50 

Found: C, 68.10; H, 9.66 



2. 4.Tetrahydropyranyloxybutyl-7-tetrahydropyranyloxy-2-heptynyl 

ether (XXc) was eluted with .5-10% ethyl acetate in hexane and obtained 

in 20.23% yield: i.r.(CCI4 ) 2230 cm-1 (C:C), 1145, 1130, 1085, 1075, 

1045, 1030 cm-1 (C-0-C); n.m.r.(CCI4 ) ~ 4.59 (m, 2H, lic ketals), 

4.09 (t, 2H, J = 2.0 cps, =C~O), 4.0-3.2 (m, 10H, ~aO), 2.2 (m, 

2H, ~a C:) 1.9.1.3 (m, 20H, ÇJJa). 

~. Calcd. for C21H360s: C, 68.44; H, 9.85 

Found: C, 68.04; H, 9.74 

3. 7_Tetrahydropyranylox.y_2_heptyn_l_o1 (XXa) was eluted off 

the column with 20% ethyl acetate in hexane and obtained in 50-60% 
yield. Distillation of this compound was unsatisfactory because of 

tetrahydropyranyl ether cleavage: i.r.(CCI4 ) 3610, 3450 cm-1 (OH), 

2220 cm-1 (C:C), 1140, 1123, 1039, 1025 (c-o-C); n.m.r.( CCI4 )J4.60(m, lH, 

liC ketal),.4.17(t,.lH,J = 2.0 Cp15, OQH2CS),4.0~~ •. 2(m, 4H, ~O), 2.5-

2.1(m, 2H, Q!!2CE), 2~0-1.4(m, 10H,·:c:&h··2.91(s, lH, exchangeable, OID. 

~. Calcd. for C1aHao03: C, 67.89; H, 9.50 

Found: C, 68.09; H, 9.63 

7-Tetrahydropyranyloxyw2-heptynvl mesylate (XXIa). A solution of 

n-butyl lithium (Alfa Inorganics) in hexane (66 g of 22.&P by weight) 

was transferred under nitrogen in a "glove bag" into a one liter, 

three-necked flask. The flask was then fitted with a nitrogen inlet 

stopcock, mechanical stirrer, dropping funnel and nitrogen outlet. 

Under a stream of nitrogen, the solution was cooled to 00 (ice-water 

bath) and the dropping funnel was charged with 45 g (0.212 moles) 

of alcohol XXa in 100 ml of anhydrous ether. The ethereal solution 
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of alcohol was slowly added wi th stirring over a period of 1 hour, 

then stirred at ooC for an additional hour to ensure complete salt 

formatiol1. Mesyl chloride (24.3 g) in 70 ml anhydrous ether was 

placed into the dropping funnel and slowly added at 0°. A precipitate 

formed immediately. A:rter addition (about 1 hr) the solution was 

allowed to stand an additional three hours. The reaction was then 

quenched with ice lfater and worked up as usul!l in ether. The yields 

of the crude mesylate were better than 9% and was used as such for 

conversion to the iodide XXIc. The mesylate was purified by column 

chromatography on silica gel and elution with 2.5-10% ethyl acetate­

hexane. This purified mate rial was used for the alkylation: i.r. 

(CCI~) 2245 cm-
1 

(c:C), 1390, 1188 cm-1 (SO?), 1145-1025 cm-1 

(e-O-C) • 

1-Iodo-7-tetrahydr0Byranylo?C,y-2-heptyne (XXIc). Sodium iodide (75g) , 

which had been heated in the oven at 120° for two hours, was placed in 

a 2-liter, three-necked flask fitted 'Vrith a nitrogen gas inlet, outlet 

and mechanical stirrer. The sodium iodide was dissolved in .500 ml 

anhydrous acetone and the resulting solution was cooled to 0° under 

nitrogen. The crude mesylate XXIa (113g) dissolved in "0 ml anhydrous 

acetone was added at once with stirring. The solution became cloudy, 

and finally turned into a thick, light brovm slurry. This was stirred 

at 0°_20° for 1.5 hours, then diluted with ether and worked up the 

usual way. The crude iodide XXIc, obtained in 85-~ yields, was 

purified by column Chromatography on silica gel using 2.5-10% ethyl 

acetate in hexane as the solvent system: i.r.(CCl~) 2240 crn-
1 

(caC), 



1 1155-1032 cm-1 (e-O-C); n.m.r.(CCI~) J 4.60 (m, lH, liC ketal) , 

3.76 (t, 2H, J = 2.0 cps, ~aI), 3.9-3.2 (m, 4H, GHaO), 2.30 (m, 

2H, Qga C:) , 1. 9-1.4 (m, 10H, CHa). 
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1-Bramo-Z-tetrahydropyranyl0xY.2-heptyne (XXIb). The mesylate XXIa 

(1.55 g) was dissolved in anhydrous acetone under nitrogen. A slight 

molar excess of anhydrous lithium bromide was added and the solution' 

was heated at 8Q°c for one hour. After cooling the solution was 

concentrated in vacuo, taken up in ether and worked up as usual. The 

bromide XXIb; obtained in 85% yield, was purified by colurnn chromato­

graphy on alumina III-IV using hexane as the solvent system: i.r.(CCI~) 

2245 cm-1 (c:C), 1142-1025 cm-1 (e-O-C); n.m.r.(CCI~) $4.43 (m, lH, 

liC ketal), 3.79 (t, 2H, J = 2.0 cps, BrC1kC:), 3.7-3.1 (m, 4H, GHaO), 

2.21 (m, 2H, ~a c.:), 1.8..1.3 (m, 10H, ÇBa). 

~. Calcd. for C1aH190aBr: C, 52.36; H, 6.91; Br, 29.09 

Found c, 52.13; H, 7.10; Br, 28.89 

1-Iodo-2-heptyn-7-o1 (XXId). The iodide XIIc (0.39 moles) was dissolved 

in .500 ml of methanol in a one liter, three.necked flask containing a 

magne tic stirrer. Under a stream of nitrogen, 1 ml of concentrated 

hydrochloric acid was added and the solution was stirred at roam 

tempe rature for four hours. Most of the methanol was then removed in 

vacuo at roam temperature, and the residue was diluted With ether, and 

washed with 5% sodium carbonate. The aqueous fraction was extracted 

with ether in the usual manner. The crude hydroxy iodide XXld was 

not purified but oxidized directly with Jones reagent: i.r.(CC1~) 

3635, 3460 cm-1 (OH), 2240 cm-1 (c.:C), 1063 cm-1 (c-O); n.m.r.(CCI~) 



" 1 ~ 3.73 (t, J = 2.0 cps, IQEaC:), 3.9-3.4 (m, C!!!aO), 2.23 (m, QEaC:), 

1.8.1.2 (m, QEa), 3.99 (s, exchangeable, Og). 

~thyl 7-iodo-5.heptmoate (XXIIIb). The crude hydroxy iodide XXId 

97) 

was dissolved in' 1 1. acetone in a two litertllree-neck~d nask:,fitted 

with a mechanical stirrer, dropping funnel and thermometer. The solution 

was cooled to 50 and stirred while molar excess Jones reagent was 

added at such a rate that the temperature did not go above 100" 

(The addition took a.bout 2.5 hours.) After the addition, isopropyl 

alcohol was added to destroy excesw ~hromic acid, and the reaction 

mixture was diluted with water and ether. The aqueous phase was 

separated and extracted five times w1th ether. The combined, ether 

fraction was then extracted with 5% sodium bicarbonate. This basic 

fraction was reacidified with 6N hydrochloric acid and back extracted 

with ether. The ethereal solution was washed ~th brine, dried over 

sodium sulfate, fïltered and concentrated. The crude acid was than 

again dissolved in anhydrous ether, cooled to 0 0 , and treated with an 

ethereal solution of diazomethane. Concentration of this solution 

gave a brown oil which was chromatographed on a silica gel~ column 

using 10% ethyl acetate in hexane as the solvent system. The pure 

iodo ester XXIIIb 'tias obtained as a colorless liquid in 20% overall 

yield from XXa: i.r.(CC1~) 2240 cm-1 (CEC), 1740 cm· 1 ,(C=O), 1163 cm-1 

(e-O.C); n.m.r.(CC1~) J 3.70 (t, J = 2.0 cps, IQIaC=) , 3.64 (s, 

OCH3 ), these peaks overlap but integrate together to 5H, 2.5-2.1 

(m, 4H, QEa 00, ÇlIa c:), 1.83 (m, 2H, Ç!k); mass spectrum: lt 266; 

mIe 235, M+ - OCH3 ; mIe 207, It - OO? CH3 ; mIe 179, H+ - CHa CHa ooa CH3 ; 



6_Exo_(1'_heptenyl)_2_~ and &-(6"-carbomethoxy-2-hexynyl)­

bicycloC3.1.01hexan-3-one (XXV). A two liter, three-necked flask 

was fitted with a stopcock adapter (nitrogen inlet), charged with the 

purified iodo ester, XXIIIb (0.0752 moles) and the bicyc1ic ketone 

XXIV* (0.026 moles) and connected to a distillation apparatus as the 

receiving flask,. Tetrahydrofuran (THF) had been heated to reflux 

over lithium aluminum hydride for 12-16 hours in the apparatus. The 

still head (Ace Glass, Inc. :No. 9214) of the distillation apparat us 
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was such that the receiving p,ortion could be independently flushed with nitro-

,gen. There:rQ~ after connecting the flask and fluàrlng it with nitrogen, 

400 ml anhydrous THF was distilled into i t. The flask was then removed 

under a stream of nitrogen, fitted with a mechanical stirrer, a mercury 

trap and thermometer. The solution was then cooled to 3° in an ice­

water bath. Finally a one liter dropping funnel containing potassium 

t-butoxide (0.0395 moles) dissolved in ~ ml of.' anhydrous THF was 

fitted onto the three-necked flask. 

Since commercial grade potassium ~butoxide was unsatisfactory 

(it contained too much potassium hydroxide which was not soluble in THF) 

the base had to be freshly prepared each t:ime. An excess of t-butanol 
, -

was distilled over potassium in a nitrogen atmosphere; into a one-

liter three-necked flask containing potassium (0.0395 moles). After ail 

the metal had dissolved, the excess t-butanol was removed in wcuo 

leaving a white solide The flask was then connected, under nitrogen, to 

the ab ove mentioned distillation apparatus and 9CO ml THF was distilled 

# This compound was generously supplied by the Upjohn Company. 



into it. The clear solution was then transferred into a dropping funnel 

in a "glove bag" under nitrogen. 

The base was now slowly added to the stirred solution of the 

ketone and iodide over a period of six hours with the tempe rature being 

maintained between 0_50 • After about 30 minutes of addition, the 

solution became cloudy and assumed a beige colour which did not change 

throughout the addition although the solution became thicker. This 

was probably due to potassium iodide precipitating out. After the base 

had been added, the reaction was quenched with 50 ml of ~ hydrochloric 

acid. The solution was then concentrated on an aspirator to about 300 

ml, diluted with water and extracted with ethyl acetate (5 tmes, 100 ml). 

The combined dark organic fraction was then washed with s% sodium 

thiosulfate to remove iodine and with brine and finally dried over 

sodium sulfate. The solution was then filtered and concentrated. A 

brown oil (19.1 g) was obtained. 

Attempts to strip off unreacted ester and ketone failed at a 

vacuum of 5 r- at 100°. A more efficient vacuum was required but was 

not available. The mate rial was then chromatographed on a 1 kg silica 

gel column, eluted with hexane 'followed bN" 2.5-40% ethyl acetate in 

hexane. The components of the mixture eluted in the following order: 

1. Unreacted XXIV and xx:rrlb (5% EtoAc) which were identified by TLC 

comparison wi th the pure compounds. 

2. Monoalkylated ketone UV (5-10% EtoAc) was obtained in 23% yield: 

i.r.(film) 1740 cm- 1 (0=0) ketone and ester, 1165 cm- 1 (e-O-C); 

n.m.r.(CDC~) S 5.6-4.6 (m, 2H, liC=q[), 3.62 (s, 3H, O~). 

Mass spectrum: M+ 330; mie 299, M+ - OCH3 ; mie 271, M+ - CX)2CH3; 



mie 302, M+ - 00; mie 243, M+ - (CHa)aOOaCH3; mie 191, M+-

+ CHa C::C( CHa )3 002 CH3 ; mie 273, H - C,.H 9 • 

3. Dialkylated ketone (10-20%:ethyl acetate) was obtained in 8% 

yield; i.r.(film) 1740 cm- 1 (C=O)ketone and ester, 1168 cm- 1 (c-o-C); 

n.m.r.(CDCI3 ) d 5.6-4.7 (m, 2H, HC=CH), 3.66 (s, 6H, OCH3). 

Mass spectrum: M+ 468; mie 437, M+ - OCH3 ; mie 409, M+ - ooaCHa; 

100 

mie 440, M+ - 00; mie 329, M+ - CHaC::C(CHahooaCH3; mie 425, M+ - ~H7; 
+ mie 411, M - C,.H 9 • 

4. Trialkylated ketone (20-40% ethyl acetate) was isabted in 11% 

yield: i.r.(film) 1740 crn-1 (0=0) ester and ketone, 1168 crn-1 (e-O-C) 

n.m.r.(œCI3 ) J 5.6-4.6 (m, 2H, gc=cg), 3.68 (s, 9H, OClb). 

+ u...6 1 + 1 + Mass spectrum: l-i UJ ; m e 575, M - OCHa ; m e 547, H - COa CH3 ; 

mie 578, M+ - 00; mie 549, M+ - C,.H 9 ; mie 467, 11+ - CHaC::C(CHa)aCOaCHa. 

5. Tetraalkylated ketone (20-40% EtOAc) was isolated in 5% yield: 

i.r.(film) 1740 cm- 1 (C=O) ester and ketone, 1168 crn-1 (e-O-C); 

n.m.r.(CDCI3 ) J 5.6-4.6 (m, 2H, gG=cg), 3.79 (s, 12H, OÇtl3). 

l1ass spectrum: M+ 744; mIe 713, M+ - OCH3 ; mIe 685, M+ - 002 CHa; 

mie 716, M+ - CO; mIe 699, M+ - C,.H 9 ; mie 605, 11+ - CHacaC(CH2)aCOaCHa. 

The four alkylated products were purified by preparative TLC on silica 

gel HF 254 using benzene-ether 9: 1 as the solvent system. The yields 

were calculated on the total amount of XXIV used in the reaction. 

GLC of the monoalkylated product (6 1 , 3% SE 30 on chromos orb 

W, 200°) showed two peaks (Rt 2.9 min and 4.75 min) in the ratio 3:7. 

On the same column the retention time of Xd: was 3.05 min and XfJ were 
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4.67 min." Also on the saroe column (248°) the dialkylated ketone showed 

two peaks (Rt 3 • .:0, .5.2.5) in the ratio 1:.5. The tri- and tetra­

alkylated products did not come off the column at this temperature. 

Alkylation of XXIV wi th l-iodo-7-tetrah.ydrop.yranylox.y-2-hexyne (XIlc). 

a) The procedure was used as described above except that the 

molar ratio of ketone to iodide was 1:1. Column chromatography of the 

product on silica gel (hexane and ethyl acetate solvent system) gave 

only one alkylated product in 30% yield. Spectral and elemental analysis 

showed this to be dialkylated: i.r.(CCI~) 1750 cm- 1 (0=0), 114.5-102.5 cm-1 

(C-O-C) tetrahydropyranyl group; n.m.r.( CCI~) S .5.6-4.6 (m, 2H, liC=Cli) , 

4 • .52 (m, 2H, lic ketals); 4.1-3.1 (m, 88, qgaO). 

~. Calcd for Ca sH3s03 (monoalkylated): C, 71.67; H, 9.91 

Calcd for C37Hs60s(dialkylated): C, 76 • .51; H, 9.72 

Found: C, 7.5.23; H, 11.31 

b) The procedure was the sarne as described above except that 

the molar ratio of ketone to iodide was 1:2. Column chromatography on 

silica gel using hexane and hexane-ethyl acetate mixtures as el..L(.·.ents 

gave the monoalkylated ketone XIVa in 1% yield. No serious attempt 

was made to isolate polyalkylated materials. 

I.r.(CCl~) 177.5 cm- 1 (0=0); 1138-102.5 cm-1 (c-o-C) tetrahydropyranyl 

ether; n.m.r.(CCl~) 5 .5 • .5-4.6 (m, 2H, lic=qg) , 4.50 (m, lH, liC ketal), 

4.0-3.0 (m, 4H, <lliaO). Mass spectrum: mie 302, M+ _ dihydropyranS4
; 

'* XdC:. and X fi are the two isomers obtained in the alkylation step in 
the PGE1 synthesis (c.f. IntrOduction). The saroples were supplied by 
the Upjohn Co. 



mie 84, CsHaO+ (dihydropyran); mie 274, 302 - 00; mie 245, 302 -

C .. H9 ; mie 243, 302 - ~H70; mIe 272, 302 - CHaO; mie 191, 302 -

side chain. 

Cleavage of THP group of XXVa. The alkylated ketone XXVa (200 mg) 

was refluxed in methanol cantaining a drop of concentrated hydrochloric 

, acid for):) minutes. The resulting hydroxy ketone was obtained 

in quantitative yield: i.r.(CCl .. ) 3640, 3460 cm-
1 

(OH), 1745 cm- 1 

(0=0),1055 cm- 1 (C-O); Mass spectrum:M+ 302, the rest of the 

fragmentation was the sarne as for XXVa. 
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CHAPTER il 

1,2-Epox,ycyclopenteœ (VII). This was prepared from cyclopentadiene 

by the method of Korach et a13 9. It was consistently found to be 

contaminated with a carbonyl compound (i.r. 1755 cm- i
, 16eo cm- i

). 

In the reaction described below the contamination was about 10-13%, 

estimated from the intensity of the carbonyl band. 

Propargyl magne sium bromide (XXIX). This was prepared as described 

by Gaudemar et al.lf.o A5QO ml three-necked flask was fitted w.i. th a 

thennometer, water condenser, dropping funnel, magnetic stirrer, 

nitrogen inlet and Mercury trap on top of the condenser. The flask 

was flame dried and cooled under a stream of ni trogen. Magnesium 

powder .367 moles) was placed into the flask along with a few crystals 

of mercuric chloride and covered with anhydrous diethyl ether, and a 

small amount of this was added to the magne sium to start the reaction. 

Once the reaction was initiated, the mixture was cooled in an ice-water 

bath, and the rest of the bromide was added at such a rate that the 

tempe rature of the reaction was kept below 20°. When the addition 

was complete, the solution was stirred an addi tional hour below 20° '. 

to complete the reaction. 

2-Propargylcyclopent-3-en-1-o1 (XXX). The propargyl magne sium bromide 

was cooled to 0° in an ice-water bath and 1,2-epoxycyclopentene 

(0.126 moles) was slowly added in 25 ml of anhydrous ether with stirring. 
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The rate of addition was such that the temperature remained between 

3_7°. After addition, the reaction was stirred an additional two 

hours at this temperature. The reaction was then quenched by the 

addition of a saturated aqueous ammonium chloride solution, and 

the reaction was worked up in the usual way with ether. The reaction 

mixture consisted of five compounds, as detennined by TLC. The desired 

and major product could be isolated by careful column chromatography 

on silica gel el~ting with benzene followed by benzene_ether mixtures. 

The components of the mixture were eluted from the column in the 

following order: 

1. AlIene mixture (3%) eluted from the column with 2.Jffo ether; 

i.r.(CCI4 ) 3605, 3585, 3480 cm-1 (OH), 3320 cm-1 (=Ga),306o cm-1 (=CH), 

2110 cm-1 (o.:C tenninal), 1955 cm-1 (C=C=C), 161~ cm-1 (C=C), 

1063 cm-
1 

(C-O), 852 cm- 1 (C=C=CHa ). 

2. 1_Propargy1cyclopent-3_en_l_o1 (XXVIII). was obtained in 10% 

yield and eluted from the column with 2.5-Jffo ether: i.r.(CC14 ) 

3695, 3605, 34~ cm- 1 (OH), 3320 cm-1 (=.CH) , 3000 cm- 1 (=CH), 2110 cm- 1 

(C=C tenninal), 1618 cm-1 (C=C), 1070 cm- 1 (C-O); n.m.r.(CCI4 ) 

d 5.67 (s, 2H, !!C=CH.) , 2 • .50 (m, 6H, ClkC=, CHaC: ), 1.98 (t, lH, 

J = 2.5 cps, !!C:), 3.11 (s, lH, exchangeable, OH). 

~. Calcd. for CaH100: C, 78.65; H, 8.25 

Found: C, 78.90; H, 8.35 

3. 2-Propargylc.vcl opent-3-en-1-o1 (xxx) was obtained in 32% yield 

and eluted from the column with Jffo ether in benzene: i.r.(CCI4 ) 3610, 

3580, 3465 cm-1 (OH), 3060 cm-1 (=CH), 3320 cm- 1 (aCH), 2120 an- 1 



(Cac terminal), 1612 cm-1 (C=C), 1070 cm-
1 

(e-O); n.m.r.(CC14 ) 

ci 5.81 ppn (s, 2H, [C=cID, 4.27 (m, lH, [(0), 2.18-2.95 ( m, 5H 

,!kCC=, &CC=, [CC=) 1.89 (t, 1H, J = 2.5 cps, sCH), 3.13 (s, 1H, 

exchangeable, OH). 

~. Calcd. for CaH1oO: C, 78.65, H, 8.25 

Found: C, 78.86, H, 8.49 

4. 4-Propargylcyclopent-2-en..l-ol (XXXI) was obta.ined in 10% yield 

and eluted from the column in 10% ether in benzene: i.r.(CC14 ) 3620, 

3605, 3460 an-1 (OH), 3320 an- 1 (:CH, terminal), 3060 cm-1 (=CH) , 

2110 cm-1 (Cac, te minaI) ; 1615 cm- 1 (C=C), 1062 an-1 (e-O); n.m.r. 

(CCI4 ) J 5.89 (s, 2H, HC=cID, 4.91 (m, 1H, =CCH-O), 3.09 (q, 1H, 

J = 6.5 cps, =Cq[-), 2.18 (d, 2H, JAB = 2.5 cps, J BC = 7.0 cps, 

~CaCCH2B - CHC)' -l.99(m, 3H, [C:CHa ), 3.87 (s, 1H, exchangeable o.H). 

~. Calcd. for Ca~O: C, 78.65; H, 8.25 

Found: C, 77.15; H, 7.85 

Ox:i..dation of XXX with manganese dioxide. The acetylenic alcohol 

XXX was refluxed in pentane for 24 hours wi th a large excess of active 

manganese dioxide 87 • There was no evidence of ox:i..dation from spectral 

(i.r. or UV) analysis of the product indicating that the compound does 

not have an allylic alcohol. 

Ox:i..dation of XXXI with manganese dioxide to xxxnI. The acetylenic 

alcohol xxn was refluxed in pentane for 24 hours wi th a large exœss 

of active manganese dioxide 87 • Oxidation occurred and :f'rom the 

spectral data. on the product and the sta.rting alcohol, the resulting 

ketnne was assigned structure XXXllI: i.r.(CC14 ) 3320 an-1 (ECH), 



-1 cm (=CH), 2110 en-1 (c:C, terminal), 1725 en~1 (c:=o), 

(O=C); n.m.r.(CC1~)d7.67 (qu, 1H, =q[CO), 6.19 (qu, 1H, 

liO=), 3.13 (m, 1H, =CC!!), 2.52-1.98 (m, 5H, Eq[, =.CC.!k, C]2(0); 

uv max (CH30H) 217 mf- (E: 10,StO). 

!D!!. Ga1cd. for CeHeO: C, 79.97; H, 6.71 

Found: C, 79.75; H, 6.74 

106" 

2-Propargyl-1-tetrahydroman,y10xycy;clopent-3-ene (XXXIIa). The 

alcohol XXX W&S mixed (neat) with a slight axcess of 3,4-dihydropyran 

and two drops of phosphoru.s oxychloride. The exothemic reaction 

started almost immediate1y and was controlled with an ice-water bath. 

Af'ter the initial reaction had subsided, the mixture was stirred at 

roOITl tempe rature for 3-4 hours. The reaction mixture was taken up in 

ether and washed with % potassium hydroxide followed by water and 

brine. The organic phase was then treated in the usual way. The 

tetrahydropyrany1 ether xxnIa obtained in ~% yie1d, was purified by 

column chromatography on silica gel using hexane ether 7:3 as the 

solvent system: i.r.( CC1~) 3300 cm-1 (ECH), 30~ cm-1 (=CH) , 

2110 an-1 (c=.C), 1610 en-
1 

(O=C), 1135-1025 an-1 (C-O-C); n.m.r.( CC1~) 

$ 5.69 (s, 2H, liO=q[), 4.70 (m, 1H, liC keta1), 4.3-3.2 (m, 3H, CH20). 

!..œ1. Galcd. for C13H1e02: C, 75.69; H, :B.ee 
Found: C, 75.86; H, 8.63 

2-(7'-Tetrahydropyrany10xy-2'-hexyny1)-1.tetrahydropyranyloxYcyc10. 

pent-3-ene (XXXIIb). The apparatus was set up for a liquid ammonia 

reaction as was previous1y described for the preparation of XXa 

(Chapter I) using a m ml three-necked f1ask. Lithium amide (24.0 

mmo1es) was p1aced into the flask and about 170 ml 1iquid ammonia was 



disti1led into the flask from a condensed sodium.-ammonia solution. The 

tetrahydropyranyl ether,XXXIIa 22.5 moles, in 20 ml of anhydrous ether 

was then slowly added with sti~ng. The solution gradually turned 

pink. Aiter adàition and stirring the solution for an hour, 4-

tetrahydropyranyloxybutyl bromide XIXb (22.3 mmoles) in 10 ml anhydrous 

ether was slowly added. The solution gradually changed fram pink to 

brown as the addition proceeded. The reaction was stirred for nine 

hours at -33° (refluX:i.ng ammonia) and then the ammonia was allowed to 

evaporate over night. The residue was taken up in ether and worked up 

in the usual manner. The product, purified by column chromatography 

on 30 g alumina III using hexane as the solvent system, was obtained 

in 87/0 yield: i.r.( CC14) 3058 an-.1 (=CH), 2215 cm-.1 (caC), 1620 cm-.1 

(c=C), 1138-1025 cm-.1 (c-o-C); n.m.r.(CC14) $ 5.69 (s, 2H, !!c=~, 4.6 

(m, 2H, [C ketal) , 4.3-3.2 (m, ?H, ~O). 

Anal. calcd. for C2aH3404: C, 72.89; H, 9.45 

Found: C, 71.83; H, 9.89* 

Eth.vl diazoacetate addition on XXXIIb 

a) XXXIIb( 1.02 g) vTas placed into a :JJ ml three-necked flask 

fitted with a magnetic stirrer, dropping funnel, and gas outlet. Copper 

powder (100 mg) was added to the fiask and the mixture was hea ted in an 

oil bath at 108°. The mixture was vigorously stirredand ethyl diazo­

acetate (1.5 ml) in 10 ml anhydrous ether was added slowly over a period 

* This sample was contaminated by :i.mpurities in the hexane used as 
eluent in the chramatography. From the spectral data of the compound 
and the products of the subsequent reaction, there was no doubt about 
its structure. 
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of four hours. A:rter the addition was complete, the mixture was heated 

another hour, with stirring, at 100°. The mixture was then cooled to 

room temperature, di~uted with ether and fïltered through celite to 

remove the copper powder. Concentration of the ethereal solution gave 

2.34 g of crude product which was chromatographed on a column of alumina 

III - IV (35 g) using hexane and hexane-benzene (up to '!Pfo benzene) as 

the solvent system. The components of the mixture:.were eluted from the 

column in the following order: 

1. lliixture of starting mate rial XXXlIb, diethyl fum, ·rate, diethyl 

maleate: n.m.r.(CC14 ) J6.78 (diethyl fumarate), 6.16 (diethyl 

mal e .ate), 5.65 (XXXllb). 

2. 2_[l'_MethenYl_2'_carboethoxY_3'_(4"_tetrahydropyranylbuty1)­

cyclopropene].1-tetrahydropyranyloxycyclopent-3-ene (XXXIV) was eluted 

from the column with 10% benzene in hexane in 241% yield: i.r.(CCl4 ) 

3055 cm-1 (=CH), 1720 cm-1 (0=0), 1900 cm-1 (C=C, cyclopropene), 

1618 cm-1 (C=C), 1175 cm-1 (C-O-C, ester), 1133-1025 cm-1 (e-O-C, 

tetrahydropyranyl ether); n.m.r.(CC14 ) cl 5.70 (s, 2H, liC=q§), 4.62 (m, 

2H, q[ ketal) , 4.2-3.2 (m, ~O)--includes quartet, 4.08 (J = 7.25 cps, 

OCHa ester), 3.0-2.2 (m, Clk. C::, C1k c=), 1.99 (s, cyclopropene C!i), 

1.6 (m, ~), 1.23 (t, J = 7.25 cps, QH3 ester). Mass spectrum: 

+448 /:1- / 6 + ) M ; m e 385, M - OOa CHa CH3 ; m e 3 3, M - CSH90 (tetrahydropyranyl ; 

mie 105, CHaOCsH90; mie 85, CSH90. 

2-[l'~1ethenyl-2'-carboethoxy-3'-(4"-tetrahydropy!anylbutyl)cyclo­

propeneJ-6-carboethoxy_2-tetrahydroPyranyloxy~bicyclor3.1.0Jhexane (XXXV) 

was eluted from the column wi th 20% benzene in hexane in 26% yield: 



i.r.(CCI~) 3035 am- 1 (CH, cyclopropyl) 1900 an- 1 (C=C~ cyclopropene), 

17-25 cm-1 (C=O), 1180, 1165 am- 1 (C-O-C, ester), 1133-1025 cm-1 

(e-O-C, tetrahydropyranyl ether); n.m.r.(CCI~) J4.53 (m, 2H, liC ketal)! 

4.4-3.15 (m, llH, OÇtla) -- this region includes a quartet 4.08 

(J = 7.25 cps, O~~ester); 2.8-2.2 (m, ~c=) -- this includes a 

singlet 2.02 (liC, cyclopropene); 2.0-1.1 (m, Q§a) -- this includes 

two triplets 1.27 and 1.08, J = 7.25 cps (Clb of the two ester groups); 

1.1_0.8 (m, CH, cyclopropyl). Mass Spectrum: M+ 534; mie 489, 

rt - OCHa CH3 ; mie 461, M+ - 002 CHa CH3 ; mie 449, M+ - CSH90 (tetra_ 

hydropyranyl); mie 105, CHaOCsH90; mie 85, CSH90. 

b) The above reaction was repeated at 50°C using 0.49 g 

XXXIlb, 65 mg copper powder, and 0.80 ml ethyl diazoacetate in ether which 

was slowly added over a period of 1.5 hours. The only isolatedproduct 

was XXXIV (by TLC and infrared spectrum comparisons.) The rest of the 

recovered mixture was the starting mate rial XXXIlb, and a considerable 

amount of diethyl mal·:e.ate (diethyl fumarate was not formed at this 

tempera ture) • 

Bicyclo[3.1.0)hex-2-ene-6.endo.carboxaldehyde (XXXVIla). This compound 

was prepared from norborna-2,5-diene (XXXVI) according to the procedure 

of Meinwald et al. s1 

Bicyclo[3.1.0]hex-2-ene-6_carboxaldehvde ethylene ketal (XXXVIlb). 

A 500 ml three-necked flask was fitted with a stopcock adapter, a dropping 

funnel, magnetic stirrer, Dean-Stark separator and condenser. Aldehyde 

XXXVIIa (7.66 g) was dissol ved in 100 ml dry benzene and placed in the 

dropping funnel. The flask was charged with 200 ml dry benzene and 
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:JJ mg of p-toluenesulfonic acid. The benzene was then refiuxed for 

one hour under nitrogen to remove any water. After cooling the benzene 

an excess of ethylene glycol (26.1 g) was added, followed by XXXVIIa in 

benzene. The solution was then refiuxed for 24 hours in which time 

an equivalent of water had separated out. After 12 hours, another 10 g 

of ethylene glycol was added to ensure that it was in excess. The 

benzene was then removed by distillation at atmospheric pressure and 

the product was distilled in vacuo (b.p. 56.5°C/3mm). The yield of 

distilled product was 47%; i.r.(CCI~) 3055 cm- 1 (=CH), 3035 cm-
1 (CH, 

cyclopropyl), 1673 cm- 1 (C=C), 1102 cm-1 (c-o-C); n.m.r.(CCl~) J 6.0-

5.4 (m, 2H, liC=q[), 4.52 (d, 1/3H, J = 5.5 cps, exo ~ ketal), 4.32 

(d, 2/3H, J = 8.0 cps, endo C!! ketal), 4.0-3.2 (m, 4H, 0CH2 ClkO), 

2.7-2.2 (m, 2H, CH2C=), 2.2-1.6 (m, 2H, liC1 Csli), 1.3-0.8 (m, 1H, C6li). 

2,3-Epoxybicyclo(3.1.0]hexan-6-carboXaldehyde et~vlene ketal (XXXVIII). 

The bicyclic ketal XXXVIIb (32.1 mInoles) was dissolved in 30 ml Methylene 

chloride. Anhydrous sodium carbonate (lID mInoles) was added and the 

suspension was cooled to 0_5° in an ice-water bath. Peracetic acid 

(41%, 18.0 mmoles), previously treated with 0.2 g sodium acetate to 

neutralize any sulfuric acid that was present, was added at such a rate 

that the tempe rature did not go above 10°. After addition, the 

solution was stirred at 5° until aIl the peracid had reacted (3 hours). 

The reaction was followed by iodometric titration. The reaction mixture 

was then filtered and the filter cake washed with Methylene chloride. 

The methylene chloclde was removed by atmospheric distillation. 

Distillation in vacuo gave first unreacted olefin XXXVIlb (58°/3mm) 



followed by the epoxide XXXVIII (b.p. 96_98°/1mm) in 5s% yield~ 

i.r.(CCl~) 3030 cm- 1 <CH, cyclopropyl), 1105 am- 1 (C-O-C; ketal), 

li1 

945 cm- 1 (c-o-c, epoxide); n.m.r.(CCI~) J 4.69 (d, 2/3H, J = 7.5 cps, 

q[ endo ketal), 4.56 (d, 1/3H, J = 5.0 cps, ~ exo ketal), 4.1-3.8 

(m, 4H, 0C!kC1k0), 3.48 (m, lH, C~!!.), 3.16 (m, lH, ~H), 2.2-1.7 

(m, 3H, Ca& and Cs!!.), 1.4-0.8 (m, 2H, C&C6!!.). 

Addition of Propargyl magnesium bromide to XXXVIII. The reaction 

was carried out in the same way as previously described in the synthesis 

of 2-propargylcyclopent-3-en-l-01 (XXX). The reaction mixture was 

chromatographed on a silica gel column using hexane-ethyl acetate as 

the solvent system. The components of the mixture were eluted in the 

following order: 

1. A ketonic fraction was f'.irst eluted with :JI, EtOAc in hexane in 2% 

yield: i.r.(CCI~) 3035 cm- 1 (CH, cyclopropyl), 1750 cm-
1 

(C=O),1112-

1000 cm- 1 (C-O-C). 

2. Alcoholic fraction containing no unsaturation, eluted with 5-20% 

EtOAc in hexane, was obtained in 2% yield: i.r.( CClIf.) 3600, 3470 cm-1 

(OH), 3042 cm-1 (CH, cyclopropyl), 1125, 1110, 1030 am-1 (C-O-C, 

ketal), 10$0 cm- 1 (C-O, alcohol). 

3. Alcoholic fraction containing a terminal acetylene group eluted 

with 20-5:;% EtOAc in benzene, was obtained in l:J1, yield: i.r.( CCI4 ) 

3605, 34w cm-1 (OH), 3320 am-1 (=·CR),3030 cm-1 (CH, cyclopropyl), 

2110 am- 1 (c:C, terminal), 1135, 1113, 1040 cm- 1 (c-o-C, ketal), 

1088 cm- 1 (C-O, alcohol). 
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Cyclohexylimine of cyc1opentanone68 (XXXIX). Cyclopentanone (0.1 mole) 

was dissolved in 300 ml dry benzene containing 0.2 mole of cyclohexyl­

amine and a trace (JO mg) of p-toluenesulfonic acid in a 500 ml round 

bottom flask fitted with a Dean-Stark separator. The solution was 

refluxed for 16 hours although most of the theoretical amount of water 

had separated after six hours. The benzene was removed by distillation 

at abnospheric pressure. The resulting imine, distilled at 63% .25 mm. 

(lit. 68 143_4°/18 mm). was obtained in 90% yield: i.r.(CC14 ) 1685 cm-1 

(C=N) • 

2-Alkylcyclopentanone (XLI). This was prepared according to the method 

described by Stork44 • A 51J ml three-necked flask was fitted with a 

condenser, stopcock adapter (nitrogen inlet), dropping funnel and magnetic 

stirrer. The system was flame dried under a stream of nitrogen. The 

flask was then charged with magne sium turnings (0.0525 moles) and a 

crystal of iodine. Ethylbromide (0.OJ05 moles) in 50 ml anhydrous THF 

was slowly added until the reaction started. The reaction was controlled 

by cooling the flask in an ice-water bath as more ethylbromide was added. 

After the addition, the solution was refluxed for 3 to 4 hours to ensure 

completion of the reaction. The Grignard reagent was then cooled to 

room temperature. The' imine XXXIX (0.0515 moles) in 25 ml THF was 

slowly added with stirring and the resulting solution was refluxed for 

6 hours. The reaction mixture was again cooled to room temperature 

and allyl bromide (0.0515 moles) was slowly added in 50 ml THF. The 

solution was then refluxed for 20 hours. After this time, the mixture 

was cooled, the THF was removed in vacuo and the resulting crude ±mine 

was hydrolyzed by refluxing it for 3 hours in 10% aqueous hydrochloric 



acid. The aqueous fraction was then extracted with ether in the 

usual manner. The crude product was chromatographed on a column of 

silica gel. Elution with hexane_ether 95:5 gave a 36% yield of 2-

allylcyclopentanone: i.r.(CCI I,,) 30eQ an-
1 

(=CH), 17;0 an- 1 (C=O), 

16;0 cm-1 (c=c) 990, 920 cm-1 (CH=CHa ); n.m.r.(CCI4 ) d 5.87-4.61 

(m, 3H, gc=C!k), 2.46.1.17 (m, 9H, Çlia, =CCHa). 

Anal. Calcd. for CsH120: C, 77.37; H, 9.74 

Found: C, 77.30; H, 9.80 

Gis and trans.2-allylcyclopentanol (XLIIa and XLIIIa). Lithium aluminum 

hydride (4.80 mmoles) was added to 100 ml anhydrous ether in a ;00 ml 

three-necked flask under nitrogen. The flask was also fitted with a 

dropping funnel, gas outlet connected to a Mercury trap and magnetic 

stirrer. The slurry was cooled to 00 in an ice-water bath and XLI 

(9.65 nnnoles) was added dropwise in ;0 ml ether. Arter addition, the 

reaction mixture was stirred an additional hour at room temperature, 

then quenched at 0 0 with 25 ml 2N sulfur1c acid. The solution was further 

diluted with water and worked up in the usual Mannar in ether. The 

crude product consisted of two alcohols. Column chromatography on 60 g 

of silica gel and elutinn wi th hexane-ether, gave XLIIa (4"') and 

XLIIIa (4.9%) as pure eompounds, the latter coming off the column 

first: i.r.(CCI4 ) 3600, 3490 cm- 1 (OH), 3080 cm-1 (=CH), 16;0 cm-1 

(c=c), 990, 920 cm- 1 (CH=CHa ). 

Trans.2-allyleyclopentyl benzoate (XLIIe). The alcohol XLIIa was 

benzoylated according to the procedure of Shriner and Fuson69 ; i.r.(CCI4 ) 
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3080 an-1 (=CH), 1720 an-1 (c=o), 16.50 crn-1 (c=C), 127.5 crn- 1 (C-O-C), 

99:), 920 cm-1 (CH=CHa ). 

Trans-2-n-prowlcyclopentyl benzoate (XLIV). A.50 ml hydrogenation flask 

was connected to a low pressure hydrogenator and charged with 70 mg. :JI, 

palladium on calcium carbonate catalyst, .5 ml absolute ethanol and a 

magnetic stirrer. The system was flushed and filled with hydrogen. The 

alcohol XLIIe (200 mg), dissolved in a small amount of ethanol, was 

added to the hydrogenation mixture in the flask. Most of the theoretical 

arnount of hydrogen had been picked up after 20 minutes. After an 

addi tional 10 minutes reaction t:ime, the eatalyst was fil tered through 

celite and washed with ethanol. The solvent was then evaporated in 

vacuo and the benzoate XLIV, purified by prepara ti ve TLC on silica gel 

(benzene-ether 7:3), was obtained in 80% yield: i.r.(CC14 ) 1720 œ-1 

(0=0), 1275 an-1 (c-o-C); n.m.r.(CC14 ) J 7.99 (m, 2H, ortho q[), 7.40 

(m, 3H, Meta and para q§), 4.98 (m, 1H, q[-o), 2.2.5-0.6.5 (ro, 14H, 

C!k and CJh). 

~. Calcd. for C1sH2002: C, 77 • .55; H, 8.68 

Found: C, 77.59; H, 8.74 

Cis_2-allylcyclopentyl benzoate (XLIlle). The alcohol XLIIla was 

benzoylated according to the procedure of Shr~er and Fuson69 : i.r.(CCI4 ) 

3080 cm- 1 (=CH), 1720 cm-1 (c=o), 1650 crn- 1 (c=C), 1273 œ-1 (c-O-C) 

99:), 920 crn- 1 (HC=CH2 ). 

Cis-2-n-propylcyclopentyl benzoate (XLV). The hydrogenation was carried 

out on XLrIlc in the sarne way as described for the hydrogenation of 
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XLrIc: i.r.(CCI4 ) 1720 cm-1 (0=0), 1273 cm-1 (e-O-C); n.m.r.(CCI4 ) 

d 8.00 (m, 2H, ortho qg), 7.43 (m, 3H, meta and para q[), 5.32 (m, lH, 

q[-O), 2.11-0.68 (m, 14H, ~, ~). 

~. Calcd. for C1sH100a: C, 77.55; H, 8.68 

Found: C, 77.63; H, 8.65 

2_n_Propylcyclopentyl benzoate from (XXX). The acetylenic alcohol 

XXX was first benzoylated according to the procedure in Sbrlner and 

Fuson69 , then hydrogenated in the srune way as described for XLIIc and 

XLllIc. In this case, the benzoate (2.5 mInoles) using 128 mg of 

3% Pd-CaOO3 catalyst required 12 hours for complete hydrogenation. 

Work up and purification was the srune as described for the reaction 

of XLIIc and XLrIId: i.r.(CCI4 ) 1720 cm-1 (0=0), 1275 cm-1 (c-o-C); 

n.m.r.(CCI4 ) ~ 7.99 (m, 2H, ortho q[), 7040 (m, 3H, meta and para q[), 

4.98 (m, 1H, q[-O), 2.2.5-0.65 (m, 14H, .Qi" and ~). 

~. Cal cd. for C1sHaoOa: C, 77.55; H, 8.68 

Found: C, 77.07; H, 8.82 

Stereochemical assignment of cis and trans_2_allylcyclopentanol 

A. The hydroxyl group of the alcohol XLIIa was protected as 

the tetrahydropyranyl ether in the usual war 5 to gi ve XLIlb in good 

yield; i.r.(CCl4 ) 1135, 1118, 1078, !037, 1026 cmm~ (C.O.C, bands 

of the THP ether). 

The double bond was then cleaved according to the procedure of Lemieux 

et al5a • The tetrahydropyranyl ether XLIIb (1.11 mInoles) was dissolved 

in 20 ml acetone and mixed with potassium carbonate (3.0 mInoles), 

potassium permanganate (0.13 mInoles) and sodium periodate (8.0mmoles) 



in 400 ml water. The reaction was stirred for 40 hours at room tempera.ture 

and then acidified with 10% sulfuric acid. The acidified solution: wa.s 

further stirred for 4 hours at rOOM temperature. The reaction mixture 

was then extracted several times with ether. The cOMbined ether extracts 

were washed with water, brine, dried oil-er anhydrous sodium sulfate, and 

concentrated. The inf'rared spectrum of crc.de product (60 mg) clearly 

indicated that it was a hydroxy acid. No lactonization had taken 

place: i.r.(CCl~) 3610, 3370 cm- 1 (OH, alcohol), 3300-2)00 cm- 1 

(OH, acid), 1710 cm-1 (0=0), 1282, 1232, 1078 cm-
1 

(C-O, acid and 

alcohol). 

B. The alcohol XLrIla was subjected to the sarne reactions 

under identical conditions as described above for XLIIa. The product 

after the cleavage reaction was the - t-lactone XLVII: i.r.(CCl~) 

1776 cm-
1 (0=0, t-lactone), 1160, 1175 cm-1 (e-O-C); n.M.r.(CCl~) 

! 5.00 (M, 1H, CJ!-O). 

~. calcd. for C7H1002 : C, 66.64; H, 7.99 

Found: C, 66.42; H, 8.04 
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CHAPTER TI! 

Exo.6.( 1',2 '.dihydrox.yheptvl)-bic.yclo 0.1.0] hexan-3.one (LV). Exo. 

6.[1'-heptenyl]_bicyclo[3.1.0]hexan_3_one (XXIV) (5.0 x 10-3 moles) 

was dissolved in 25 ml ice cold 97-9af, fomic acid bu:rfered with 

25 x 10-3 moles sodium carbonate in a ~o ml three-necked :rlask fitted 

with a magnetic stirrer. The solution was cooled to 0° in an ice­

water bath and 5 x 10-3 moles hydrogen peroxide was added as a ~% 

solution with stirring. The solution was brought to room temperature 

and stirred for 30 to lJO minutes under a stream of nitrogen. The 

formic acid was then stripped off on a vacuum pump and the residue was 

dissolved in 80 ml of Methanol. To this was added with stirring 

18 g sodium carbonate dissolved in ;0 ml water and the suspension was 

stirred at room tempe rature for three hours. The mixture was then 

acidified with 3N hyclrochloric acid, diluted 'With water,extracted 

with methylene chloride in the usual manner. The yield_of the diol 

was 8%: i'.r.(CCI/f) 3620, 35s{) cm-1 (OH), 30)0 cm-1 (CH, cyclopropyl), 

1745 cm-1 (c=o), 1060 cm-1 (C-O). 

Exo.6_(1',2'.ditrichloroacetoèyheptyl)_bicyclo[3.1.0]hexan-3-one (LVI). 

Anhydrous pyridine (20 ml) was placed into a ;0 ml three-necked :rlask 

fitted with a magnetic stirrer, gas inlet and outlet, and a thermometer. 

The pyridine was cooled to 0° in an ice.water bath and tri chloroa ce t yI 

chloride (20 mmoles) was added. To the cold solution was then added LV 

(4 mmoles) in 5 ml pyridine at such a rate that the tempe rature did not 



·118 

go above 10°. The mixture was stirred at 0° for 2 hours. The reaction 

mixture was then poured onto crushed ice and extracted with methylene 

chloride in the usual way. The pyridine was stripped off in vacuo and 

the ditrichloroacetate LVI was obtained in 93% yield: i.r.(CCI4 ) 1768 

(0=0, acetate), 1748 cm-1 (0=0, ketone), 3035 cm-1 (CH, cyclopropyl), 

1223 cm-1 (c..O-C); n.m.r.(CCI4 ) d 5.31 (m, lH, C7H.;.Q), 4.77 (m, 1H, 

C6H-0) • 

!E!1. Calcd. for C17HaoOsCI6: C, 39.45; H, 3.87; Cl, 41.00 

Found: C, 39.83; H, 3.80; Cl, 40.09 

-1 cm 

Example of a solvolysis of ditrichloroacetate LVI in trichloroacetic acid. 

A 25 ml three-necked flask was fitted with a magnetic stirrer, stopcock 

adapter (nitrogen inlet) and condenser. The system was fiushed with 

nitrogen and 1.5 g anhydrous trichloroacetic acid was added. The acid 

was heated to 60_65° and of.--the ditrichloroacetate (6.0 mg), dissolved 

in a few drops of THF, was added. After 5 minutes the reaction mixture 

was cooled, diluted vdth ether and poured onto crushed ice. The ether 

was separated and the aqueous layer was extracted with ether. The 

combined ether fractions were washed with % sodium bicarbonate, water 

and dried over magnesium sulfate. The ether was then filtered and 

concentrated. The product was spotted on silica gel TLe plate along 

with the starting mate rial and eluted with benzene-ether 7:3. The rest 

of the product was diluted with methanol and a portion heated in 0.% 

sodium hydroxide in methanol at .5O°C f"or 10 minutes and an ultraviolet 

spectrum was taken of the sample before and after the base treatment. 

The results of the solvolysis reactions that were carried out are 

tabulated in Table II. 



Exo_6-( l' ,2'-dibromoheptyl)_bicycloD~1.0] hexan-3-one (LXI). The 

bicyclic ketone XXIV (3.1 nnnoles) was dissolved in lK) ml anhydrous 

chlorofor.m in a 100 ml three-necked flask. The solution was stirred 

magnetically and under a stream of nitrogen an equivalent of pyridinium 

hydrobromide perbramide71 was added at roam tempe rature over a period 

of 20 minutes. The pyridinium salt gradually disappeared leaving a 

yellow solution. The chIoroform solution was then washed rlth water, 

dried over Magnesium sulfate, filtered and concentrated. The crude 

product was chromatographed on silica gel column (30 g) eluting rlth 

hexane-ethyl acetate mixtures. Two compounds were separated. 

1. The dibramide LXI, eluted first, was obtained in 5% yield: 

i.r.(CCl~) 3040 cm-1 (CH, cyclopropyl), 1748 cm- 1 (C=O) 11lK) cm-1 

(C-C-C, ketone); n.m.r.(CCl~) a 4.18 (m, tH, C7li), 3.72 (m, lH~ C6li). 

2. Mixture of the dibromide LXI and monobromide LXII: i.r.(CCl~) 

3OlK) cm-
1 (=CH), 1725 (C=O, r::Â., (3 -unsaturated ketone on five-membered 

ring81), 1650 cm-1 (c=C), 11lK) an-
1 

(C-C-C, ketone). 

Solvolysis of the dibromide LXI. The dibromide LXI (200 mg) was placed 

in a 50 ml flask with 30 ml of acetone-water 2:1 mixture. The solution 

was stirred at room temperature for 112 hours. After this time the 

solution was diluted with water and extracted with chloroform in the 

usual manner. The crude products were then separated by preparative 

TLC using benzene-ether 7: 3 as sol vent system. The mixture cons~.sted 

of the following camponents: 

1. Starting dibromide LXI (Rf 0.86), recovered as the major 

component (63%), was identified by TLC (benzene-ether 7:3)= i.r.(CCl~) 



)040 cm-
1 

(CH, cyclopropyl), 1748 cm-1 (0=0), 1140 cm-1 (C-C-C, 

ketone). 
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2. Bramohydrin LXIII (Rf 0.39), isolated in 1~ yield: i.r.(CCl~) 

3620, 3565, 3480 cm-1(OH), )040 cm-1 (CH, cyclopropyl), 1748 an-1 

(0=0), 1140 cm-1 (C-C-C, ketone), 1060 an-1 (C-O). }1ass spectrum: 

M+ 291, 289 for 81Br and 79 Br respectively; mie 271, 273, 1-t - H,aO; 

mie 260, 262, Il -HCO; mie 210, M+ - Br; mie 209, lt - HBr; mie 191, 

271 - 79Br, 273 _ 81Br; mie 181, 260 _ 79Br, 262 _ 81Br; mie 81, 

81Br; mie 79,7 9Br. The sturcture was further proved by TLC comparison 

wi th the bramohydrin LXIII prepared fram XXIV. 

3. Mixtures of four components (Rf 0.02-0.05) obtained in 5% yield 

could not be characterized because of lack of material. 

Exo-6- [l'-bramo-2'-h,ydroxyheptyJ]_bicyclo[3.1.0J hexan-3-one (LXIII). 

This compound was prepared according to the procedure of Guss and 

Rosenthal8o • The bicyclic ketone XXIV (5.21 nnnoles) was mixed wi th 

9:J!, N-bromosuccinimide (5.25 nnnoles) in 25 ml water at room temperature. 

The reaction was stirred until aIl the solid N-bromosuccinimide had 

disappeared (4 hours). The usual work-up in chlorofonn followed by 

column chromatography on silica gel (30 g, benzene-ether mixture elutions) 

gave the bramohydrin LXID in 60% yield: i.r.(CCI~) 3625, 3570 an-1 (OH) 

3035 cm-1 (CH, cyclopropyl), 1748 cm-1 (0=0), 1140 cm-1 (C-C-C, ketone) 

1058 cm-
1 

(C-O); n.m.r.(CCI~) J 4.08 (m, lH, qg-o), 3.4 (m, 1H, CHBr), 

3.43 (s, lH, exchangeable, oB). 

~. Calcd. for C13Ha10aBr: C, 53.97; H, 7.26; Br, 27.28 

Found: C, 53.90; H, 7.40; Br, 27.50 
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6.(c(. .bromoheptanoyl)-bicyclo[3.1.0Jhexan..3-one (LXIV). The bromo­

hydrin LXIII (200 mg) was dissolved in 20 ml acetone in a 5J ml flask. 

The solution was cooled in an ice-water bath and stirred magnetically. 

A slight molar excess of Jones reagent was added dropwise and the 

solution was stirred for 20 minutes at 0°. After this time, the 

mixture was diluted in water and extracted with ether in the usual way. 

The diketo bromide LXIV was obtained in 80% yield: i.r. (CC14 ) 3045 cm-1 

(CH, cyclopropyl), 1748 cm- i (0=0, ring ketone), 1700 cm-1 (C=O, 

ketone oC to cyclopropyl ring81); n.m.r.(CC14 ) S 4.27 (t, lH, J = 6.5 cps, 

CHBr adjacent to CHa)' 

Exo_6.(1·.iodo-2'.isocyanoheptyl)-bicyclo[3.1.0Jhexan-3-one (XLVII). 

This compound was prepared according to the procedure of Hassner et a16o • 

The silver isocyanate was freshly prepared before the reaction 60,84. 

The bicyclic ketone XXIV (5.21 nnnoles) was dissolved in 25 ml anhydrous 

ether in a 100 ml three.necked flask fitted with a nitrogen inlet, 

thermometer, gas outlet, and magnetic stirrer. The flask was cooled in an 

ice-salt bath to .10° .. and silver isocya~ate (15.6 mrnoles) was added with 

stirring. The reaction mixture was then cooled to .13°. and iodine 

(5.3 nnnoles) was added. The solution became dark purple. It was then 

stirred 2 hours in the cold and another 6 hours at room temperature. 

By this time the colour of the solution was canary yellow. The silver 

salts were then filtered through celite and the ether was removed in 

the cold in vacuo. The yield of the iedo isocyanate was 75.%: 

i.r.(CC14 ) 3030 cm-l (CH, cyclopropyl), 2245 cm- l (NCO, v. strong), 

1748 cm- 1 (0=0). 
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Hydrolysis and nitrous acid dearnination of iodoisocyanate (XLVII). The 

iodo isocyanate XLVII (75 mg) was placed in a 50 ml three-necked flask 

fitted with a magne tic stirrer, nitrogen inlet, outlet and thermameter. 

The flask was cooled to _10°! in an ice-salt bath and 10 ml of aqueous 

acetone ()O% water) was added to hydrolyze the isocyanate. The· solution 

uas then cooled to _8° and sodium nitrite (4.7 mInoles) was added in 1 ml 

water followed by fomc acid (4.7 mmoles). The solution was stirred 

at 0°. for one hour and then 3.5 hours at room temperature. The reaction 

mixture was then diluted with water and extracted with ether in the 

usual way. Purification by preparative TLC (benzene-ether 7:3) gave 

the iodohydrin LXX (Rf 0.58) in approxtmately 60% yield: i.r.(CCI4 ) 

3545, 3520, 3460 cm- i (OH), 3035 cm- i (CH, cyclopropyl), 1743 cm-i 

(C=O), 1137 cm- i (e-C-C, ketone), 1060 cm-i (e-O); n.m.r.(CCI4 ) 

100 MC ~ 4.19 (m, lH, q[-O), 3.22 (m, 1H, ~), 0.59 (m, q[, cyclopropyl). 

+ 6/ + / + / Mass spectrum: M 33 ; m e 318, M - HaO; m e 308, M - OO;m e 209, 

M+ - I; mie 191, 318 - I; mie 181, 308 - I. 

Exo-6_(oe: -iodoheptanoyl)-bicyclo[3.1.0]hexan-3-one (LXXI). The iodo­

hydrin LXX (60 mg), obtained fram the hydrolysis and deamination of the 

iodo isocyanate LXVII, was oxidized with Jones reagent by the sarne 

procedure as described for the oxidation of the bromohydrin LXIII. 

The resulting diketoiodide LXXI was obtained in 80% yield: i.r.(CCI4 ) 

3030 am- i (CH, cyclopropyl), 1745 cm- i (C=O, ring ketone), 1695 cm-1 

(C=O, ketone oc. to cyclopropyl groupSi); n.m.r.(CC14 ) 100 MC a4.48 

(t, lH, J = 4.0 cps, q[I adjacent to CHa). 
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Exo.6.( l' ,2 '.dihydrox,y"heptyl).2oC and t3.( 6" .carbomethoxy.2.hexml)_ 

bicyclo(3.1.o] hexan.3.one (LXXIIa). The olefinic bicyclic keto ester 

. XXV was treated wi th perfomic acid in buffered fomic acid in the same 

way as the unalkylated ketone xnV. The diol LXXIIa was obtainedin 

87% yield: i.r.(fiJm) 34llo cm·1 (OH); 3035 œ-1 (CH, cyclopropyl), 

1740 cm·1 (0=0, ketone and ester), 1165 cm·1 (e-O.C, ester) 1065 cm·1 

(e-O, alcohol); n.m.r.(CDCI3) ~ 3.69 (s, 3H, OC!b), 3.7.2.7 (m, 4H, . 

Cli-O andOli). Mass spectrœn: l"t 364; mIe 333, Il. OCH3 ; mIe 305, 

M+ • OOaCH3; mIe 225, M+. CHaC:C(CHahooaCH3; mIe 263, M+ - CsHuOH; 

mIe 293, I-t • CsHu ; mIe 289, M+ • C,.Ha; mIe 346, Il . HaO; m/e,315, 

346 • OCH3 • 

Exo.6.( l' ,2 '.dimesyloxyhept.yI).2:(and (3.( 6' '.carbomethoxy.2.hexynyl). 

bic.yclo[3.1.0]hexan-3.one (LXXIlb). A:JJ ml round bottom flask was 

fitted with a stopcock adapter, themometer, gas outlet and a magnetic 

stirrer. Anhydrous pyridine (10 ml) was added to the flask and it was 

cooled to .150 in an ice-salt bath. A molar excess of methansulfonyl 

chloride (3.26 mInoles) was added to the stirred solution under nitrogen. 

After the temperature was again at .15°, the diol LXXIIa (1.20 mInoles) 

in 5 ml pyridine was added. The reaction was stirred in the cold for 

3 hours and then kept at .100 c over night. The cold reaction mixture 

was then poured onto crushed ice, saturated with sodiœn chIo ride and 

extracted with ethyl acetate in the usual way. The ethyl acetate was 

evapora ted in vacuo a t room tempera ture and traces of pyridine were 

removed on a vacuum pump. The yield of the dimesylate was 78.8~: 
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i.r.(film) 3030 cm-1 (CH, cyc1opropyl), 1740 cm- 1 (C=O, ketone and 

ester), 13.:0, 11eo cm-1 (502 ); n.m.r.(CDC~) d 4.83 (m, lH, CrID, 
4.30 (m, 1H, C6ID, 3.65 (s, 3H, O~), four singlets: 189.8, 189.1, 

188.0, 187.2 cps (6H, S02 CJb) • 

Solvol,ysis of the dimesylate LXXIIb. A solution of the climesylate LXXIIb 

(3eo mg) in 20 ml acetone-water (2:1) was stirred in a nitrogen atmosphere 

at room tempe rature for 36 hours.* The mixture was then diluted with 

water and extracted With Methylene chloride. The Methylene chloride 

extra ct was dried over anhydrous soditun sulfate, filtered and concentrated. 

The reaction products wereseparated by preparative TLC on silica gel using 

ethyl acetate as the solvent system. The components of the mixture 

were detected on the TLC plates in the following manner: Silica gel 

HF 254 (E. Merck) was used which enabled the detection of· the hydroxy 

mesylate bands on the plates by means of short. wavelength ultraviolet 

light. The prostaglandin bands could be detected only by spraying with 

10% phosphomolybdic acid in ethanol, a destructive proœss. In order 

to recover the prostaglandins, a srnall part of the mixture was sacrificed 

for detection purposes and applied only a 4 x 10 cm plate. The remainder 

was spread on 20 x 20 cm plates and separa ted by measuring the Rf 

obtained from the small plate. This made the separation difficult since 

the bands did not travel unifo~. 

The silica gel was extracted a few t:ilnes with Methanol. The 

*In another run lasting 24 hours, similar results were obtained. 
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methanol was then evapora ted and the residue was taken up in methylene 

chloride, dried over sodium sulf'a te and fil tered through celi te. The 

recovery by this procedure was better than 9%. 

The components of the reaction mixture separatecl on the TLC 

plates were the following: 

1. Exo-6-(1'-hYdroxY-2'-mesylo;yheptyl)-2-(6"-carbomethoxy-2-hexYnYl)­

bic.ycio[3.1.0Jhexan-3-one (LXXIII), was obtained in 7O-P:!:f!, yield from 

the starting dimesylate LXXIIb. Three hydroxymesylates were obtained 

(Rf 0.62, 0.48, 0.37). The latter (Rf 0.37) was obtained only in 

small amounts and could not be obtained pure for proper characterization. 

The first two (Rf 0.62, 0.48) had identical infrared and n.m.r. spectra. 

Both gave the same prostaglandin mixture on recyclising, therefore 

no stereochemical assignment could be made: i.r.(film) 3475 cm-1 

(OH), 3030 an- 1 (CH, cyc1opropyl), 1740 cm- 1 (C=O, ketone and ester), 

1355, 1100 cm-1 (SOa), 1070 cm-1 (C-O); n.m.r.( CDC~) 100 HC i 4.72 

(m, lH, q[, mesylate) , 3.68 (s, 3H, O~, 3.34 (m, 1H, q[ alcohol), 

3.09, 3.07 (s, 3H, S02~)' 0.64 (m, q[ cyclopropyl). 

2. 80C and 8 @-5-Dehydro-15-epi-PGE;. methyl ester 'LXXV) (Rf 0.29) 

was obtained in 5-~ yield from the starting dimesylate LXXIIb: .. i.r.(film) 

34lK) cm- 1 (OH), 1740 cm-1 (C-O~ ester and ketone), 1170 cm-1 (C-O-C, 

ester), 1070 cm- 1 (c-o.);: n.m.r.(CDC~) 100 MC $ 5.9-5.2 (m, 2H, liC=q[) , 

4.1 (m, 2H, q[-O), 3.66 (s, 3H, OQg3). Mass spectrum: mie 346, 

M+ - HaO (c.f. Table III for detailed interpretation of the major 

fragments. ) 

3. 8ce: and 8f3-5-Dehydro-PGEa meth.y:l ester (LXXIV) (Rf 0.19) was 
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obtained in 5-8% yield from the starting d:imesylate LXXIIb: i.r.(fiJm) 

3l.jQ0 cm-1 (OH), 1740 cm-1 (0=0 ketone, ester), 1163 an-1 (e-O-C, 
_1 -

ester), 10Bo cm (e-O); n.m.r.(CDC4) 100 MC J5.9-5.2 (m, 2H, 

!iC=cg), 4.1 (m, 2H, CH-O), 3.68 (s, 3H, 0<:;&). Mass spectrum: 

mie 346, It - H2 0. The fragmentation was identical with that of the 

15-epi LXXV (c.f. Table ID for detailed interpretation of the fragments). 

80e and @-PGEa methyl ester (LXXVU). 8GC and f3-5-dehydro PG~ 

methyl ester (LXXIV) (10.3 mg) was placedin a -sample cup with a small 

amount of ethyl acetate. Lindlar catalyst85 (75 mg) was placed into 

a micro-hydrogenation flask and connected to a low pressure hydrogenation 
, 

apparatus 92 • Ethyl acetate (3 ml), containing 1 mg quinoline*, was 

added to the flask. The sample cup was put into place and the system 

was flushed with hydrogen for 15 minutes. The system was then closed 

and the burette was filled with hydrogen. After the system had equili-

brated, the sample was introduced and the solution was stirred. 

Hydrogen was slowly picked up. After four hours the reaction was complete. 

The solution was filtered through celite and the solvent was evaporated 

in vacuo. The crude products were chromatographed on silica gel (TLq) 

using ethyl acetate solvent system. The PG band was detected and 

-~ extracted as was previously described. The isomeric mixture of LXXVIIa 

was obtained in 63% yield: n.m.r.(CDC4) 100 MC J 5.62 (m, 2H, trans 

!iC=cg) , 5.38 (m, 2H, cis !iC=CH) , 4.1 (m, 2H, cg-o), 3.70 (s, 3H, O~). 

". More than 3% quinoline, by weight, to the amount of catalyst 
makes the reaction very slow. Best results were obtained using 1_2% 
quinoline. 
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+ Hass spectrwn: mIe 348, M - H20; a detailed interpretation of the 

major fragments is given in Table IV. 

15-Epi-8aC and @-PGEa neth;zl ester (LXXVII The hydrogenation on 

15-epi-5-dehydro PG,Ez methyl ester LXXV was carried out in the sarne 

way as described for LXXIV. Because of lack of material, an n.m.r. 

spectrum could not be taken. 

+ l1ass spectrum: mIe 348, H - HaO. Nass measurement found: 348.229694; 

calcd. for C21H3204: 348.230045; other possible empirical formulae for 

out because LXXVIII could not contain a~ nitrogen. Mass measurement 

of mIe 190: 190.135990; calc~ for C13 H1SO, 190.135758; another possible 

emp,irical formula for this mass is C11H16N3 which is again ruled out 

because LXXVIII contains no nitrogen. 

Epimerization of the isomeric mixture of LXXVII The 80e and (3 -PG~ 

methyl ester (LXXVII mixture (6.3 g) was dissolved in 3 ml of a 3% 

ethanolic potassium acetate solution and stirred at room tempe rature 

for 94 hours. The reaction mixture was then diluted with water and 

extracted with pure Methylene chloride. The organic layer was dried over 

anhydrous magnesiœ sulfate, filtered and concentrated in· vacuo. Pre-

parative TLC separation on silica gel, ethyl acetate of the crude mixture 

gave two compounds: 

1. 8e( -PGA2 methyl ester (LXXIX) consisted of 18% (0.7 mg) of the 

reaction mixture: UV (HeOH) 217 mf-' e 9,000; mass spectrum: M+ 348, 



mIe 330, M+ - HaO; mIe 317, M+ - OCH3 ; mIe 299, 330 - OCH3 ; mIe 298, 

330 - CH30H; mIe 287, 330 - ~H7; mIe 1~, 330 - ~H1OCOaCH3 + H transfer); 

mIe 207, M+ - C7H1o COa CH3 ; mIe 141, [~H10COa CH3]~' The PGAa was 

contaminated with about 2% PGBa methyl ester: UV (MeOH) 277 m f" ' 

E 2,200. 

2. Mainly 8o<:.-PGEa methyl ester (LXXVITh) consisted of &$ (2.9 mg) 

of the reaction mixture: 100 MC n.m.r.( CDC~) using 109 scans which 

were analyzed with a computer of average transients (C.A.T.): J 5.6 

(m, 2H, trans liC=q[) , 5.3 (m, 2H, cis liC=q[) , 4.1 (m, 2H, q[-O) 

3.6 (s, 3H, 0C,!b). Accurate chemical shifts were not obtained because of 

drifting in the spectrometer. Mass spectrml1: mie 348, M+ - HaO; the 

spectrum was identical to the PGEa methyl ester spectrum taken bafore 

epimeriza tion. 



CIAll1S TO ORIGINAL RESFARCH 

1. Total synthesis of PGEa methyl ester. 

2. Synthesis or 15-epi-&t and (3-PGEa methyl ester. 

3. Synthesis or PGAa methyl ester. 

4. Synthesis of the acetylenic prostaglandins: 

Boe and f3-.5-dehydro PGEa methyl ester and 

15-epi-8oe and {3 -.5-dehydro PGEa methyl ester. 
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