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ABSTRACT 

THE TOl'AL SYNTHESIS OF PRœTAGLANDIN 

Chaim SimonoVitch 

This research was initiated with the aim to synthesize 

ua,15-dihydraxy-9-oxo-prost-13-enoic acid (prostaglandin ~) 

and 9Cl, lla, 15 -trihydraxyprost-13-enoic acid (prostaglandin Fla) 1 

har.mone-like campOWDds which have profound bio1ogica1 activities. 

Two routes are described which lead to the same intermediate 1 

6(1-hepteny1)-3-axo-bicyc1o[3.1.0]-hexane-2-heptanoic acid which 

has been transfœmed direct~ to prostaglanciin Eland Al by the 

addition of hydrogen peraxide and far.m1c acid, or indirect~ to 

prostaglandin Fla by appropriate modification of the procedure. 
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Al3STRACT 

THE TOTAL SYNTHESIS OF PRœTAGIANDIN 

Chaim S imonoV1 tch 

This research was initiated with the aim to synthesize 

1~,15-dihydraxy-9-axo-prost-13-enoic acid (prostaglandin El) 

and 9Q:,J.J.cX,15-tribydraxyprost-13-enoic acid (prostaglandin r"la), 

hormone-like campounds which have profound biological activities. 

Two routes are described which lead to the same intermediate, 

6(1-heptenyl)-3-oxo-bicycloL3.1.0J-hexane-2-heptanoic acid which 

has been transformed directly to prostaglandin El and Al by the 

addition of hydrogen peraxide and formic acid, or indirectly to 

prostaglandin Fla by appropriate modification of the procedure. 

'" 



ACKNOWLEDGMENT 

l wish to express my deep gratitude to my Research Director 

Dr. G. Just, for continuous encouragement and stimulating discussions 

which made the work under his supervision Most pleasant and fruitful. 

Grateful acknowledgment is made to: 

Dr. J. E. Pike, The Upjohn Company, for the helpful suggestions 

concerning isolation, purification and treatment of the prostaglandins 

and for sending samples of natural prostaglandin E1 , F1 a and F1~. 

Dr. W. P. Schneider, The Upjohn Company, for some of the n.m.r. 

spectra enclosed in the thesis. 

Dr. L. Wolfe, Montreal Neurological Institute, for carrying the 

physiological tests, on the synthetic prostaglandin, and for helpful 

suggestions. 

The Chairman, Chemistry Department, McGill University and The 

Upjohn Company, Kalamazo9, Michigan for generous financial assistance. 



TABLE OF CON'lENTS 

CHAFTER l - - - - - - - - - - - - - - - - - - - - - - - - - 1 

- - - - - - - 1 

8 
Isolation atd Structure

Physio1ogica1 Activity -

P.rostag1andin Synthesis- - - - - - - - - - - - - - 10 

CHAPT.ER II- - - - - - - - - - - - - - 19 
The Total Synthesis of P.rostaglandi~ - Route 1 -

H~ • 

- - 19 

CHAPTER III - - - - - - - - - - - - - - - - - - - - - - - - - - - 32 
The Total Synthesis of P.rostag1a,ait - Route 2 - - - 32 

CHAPTER IV- - - - - - - - - - - - - - - - - - - 38 
Spectroscopie Data - - - - - - - 38 

EXPERIMENTAL- - - - - - - - - - - - - 49 

Chapter II - - - - - - - - - - - - - - - - - - - - 49 
Chapter III- - - - - - - - - - - - - - - - - - - 59 

CONTRIBUTION TO KNOWLEDGE - - - - gr 

REFERENCES- - -98 



Abbreviations 

t or tert tertiary 

THF tetrahydrofuran 

TEP tetr~dropyran 

DMSO d1met~lsuU'œdde 

DMF d1methy'lformamide 

t BuQK potassium'tertiarybutaxide 

t Amyl ONa sodium tertiary ~lox1de 

(:Fh)sCNa tripheDylmet~l sodium 

DBN 1,5-diaza-bycyclo(~.3.oJnonene (5) 

1 
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Isolation and structure 

The prostaglandins are C20 UDSaturated axygenated fatty acids 

which incorporate a cyclopentane ring. They all have the same skeleton, 

prostanoic acid, but they differ fram one another by the degree of 

2 

10 

uns.aturation and the number of ketonic or hydraxylic :f'unctions on .the 

cyclopentane ring. 

The first observation of a phenamenon related to the prostaglandins· 

was made by Kurzrok and Lieb (1)" who found that the human uterus reacted 

by contraction and relaxation upon instillation of human semene Goldblatt 

and von Euler (2-5) independently demonstrated the presence of smooth 

muscle stimulating and blood pressure reducing agents in the human seminal 

plasma. 

The seme factors were found. by von Euler and Hammarstrom (6) to be 

present in the sheep semen and in the glandula vescalis of male sheep. 

Van Euler prepared.concentrates fram the sheep glands and demonstrated 

. 
that the physiological activity was due to lipid soluble acids which he 

called prostaglandin. 



AbOl1t twenty years later BergstrCQ et.al. (7, 8) vere able to 

isolate prostaglandiQ E1 and F1a in pure crystall.iDe form and to 

determine their structure (9). Foar other prostagl..aDdins were sub

sequent~ isolated and their structure elucidated (10-21). 

The prœtaglandins (PG's) are class1f1ed into two main groups, 

the primary PGls and the secondary PG's. Thepr:lmary are subdivided 

into the E and. the F series. Bath the E and the F type PG' s have no 

double bond ineide the cycl.opentane ring, and aU the E canpcnmds 

have a keto group in the 9 position on the cyclopentane ring and 

respectively one, two and three double bonds. The Fa series bave 

an identical structure but have an a hydrar,yl group on the 9 position. 

The secondary prostaglandine are cyclopentenone deri vati ves and. are 

subdivided into two grOllps accorc11Dg to the position of the double 

bond in the cyclopentene ring. 

The A series (PG-2l.7) has one double bond. at the 10 position, 

inside the ring and. respectively one or two double bonds on the side 

chains. The "B" series (1'GE-278), has a double bond between the 8 

and l2 carbons and respectively one and. wo double bonds in the side 

chaine. The "A" and "B" series are characterized by their U.V. ab

sorption at 217 and. 278 ~ respective~ (14, 16). 

-2-
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The secondary A series could be obtained 'from the 

primary E series by treatment witb acid or weak base (0.5 N sodium 

hydraxide) which caused the ellmination of the ~ bydroxy ketone at 

the 11 pos,"tion. 

Prolo~d treatment w~th base causes the rearrangement of the 

double bond to 8 1 12 position to form the B se~ies. 

The secandary prostaglandins were found to occur in the human 

seminal plasma (22 - 24) in considerable amounts and are formed in 

the body presumably by the above ment10ned dehfdration and rearrange-

ment. 

Another type of secondary prostaglandin wh1ch does not originate 

by dehydration of their primary analogs (25)1 are the PGls which have 

an addi tional hydroxyl at the 19 position. The structures of the various 

PGls are &Ummarized in Figure 1. 

The structures of the prostaglandins were elucidated by chemical 

and physical methods using, meinly mess spectranetry. The fo11owing 

degradation reactions were used to characterize PGE1 chemically: 

Na OH 

OAc 

COOH + C02 + HO~ 
OOH +HOOC~ 

~ ~ ~ t:OOCHs 

CHART l 

Cli2N21 AC20 

0:31 CHsCOsH 

-4-



Oxydative ozonolysis of the acetylated metby'l ester of PGB1 (:EŒh-278) 

gave as degradatian products succinic acid~ monamethy1 suberate and 

acetox;vheptanoic acid, which account for 19 or the 20 carbon atems 1 

the last carbon being degraded to carbon dioxide (see chart 1). The 

isolation of the a acetoxybeptanoic acid, provided a way to assign the 

absolute stereochemistry of the hydrœcy1 at C15.'Ie 

A similar type of chemical degradation was carried out on the 

OH OH 

HOOQ ...... ~ ~ 
~OOCHs 

CHART 2 

7-Acetoxy-4-oxododecanoic acid was obtained from this degradation. 

* It has been found by Nu8'teren et al (20a)that the configuration 

of the a hydroxy heptanoic acid obtained tram the above mentioned de-

gradation is L, and not the mistaken D assignment made by Abrahamson 

et al (20). 

-5-. 



A third type of Cbemical degradation is summarized .in chart 3, 

and differs frClll the other two in that the degradation was carried out 

of a PGA rather than a PGB. 

CHART 3 

The assignment of the hydroxyl function in the 11 position 

fo11ows fran its lability to acids and bases and fraD. the failure 

of reactions ty'pical to a-hydroxyketones to occur. 

The structure of FOEl was further confir.med by three-dimensional 

single crystal X-ray analysis (26) of tr~-p-bromobenzoate of PGFl~ 

and by prepariilg a synthetic specimen ot 9-oxo-prost-8-enoic acid (27) • 

. i"·· 

-6-

!:!s.2-Scale drawing ot the tri-p-bromobenzoate ot the methyl ester ot canpound 

PGF1~ in the correct absolute configuration; ded~ced traD. the electron density 

map. 
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The structures of FGE2 and PGEs were established by the use of 

mass spectranetry, N.M.R. spectroscopy (28) and ch'emical degradation. 

The geanetry of the double bonds in the 13 position ofall the 

prostaglandins is trans, (exhibiting an absorption of 965 cm-1 in the 

infrared) • Addi tional double bonds of the natural PG 1 S at 5 and 17 

positions are cis (29) • 

.Qccurence 

ThouSh the prostaglandins were first isolated fran the human 

seminal plasma, it is evident today that they are distributed widely 

in several organs of the humans and other animals as established by 

methods by Bygdeman and Samuelsson (23-24). The sources fran which 

PGls were isolated are summarized in Table 1: 

Tissue 'E:I, E2 E:;s F;L F2 . F:;s Ref. 

semen (human) + + + + + 30, 31 

semen (sheep) + ~ 
sheep vesicalis 

gland + + + + 8, 14, 32 

human menstrual 
fluid + + 33 

lung (human) + 32 
lung (monkey) + 32 
lung (ox) + + 32 
lung (pig) + 13 
lung (sheep) + + + + 32, 13 

lung (guinea pig) + 32 
brain (ox) + 34 

thymus (calf) + 32, 35 
iris (sheep) + 36 

Table 1 

The Sources of the PGIS 



!hYsiolgsieal aetivity 

Ali the knawn prostaglandins are extremely potent in eausing 

various biologieal responses. For that reason, tbese eanpounds migbt 

-8-

be useful for pharmaeologieal purposes (3'7a). A few of those biologi

cal responses are systemie arter1al blooel pressure. ,.lowering in the case 

of PGEl and :roFl~, pressor aetivity for PGFla, smooth muscle stimulation, 

antilipolytic aetivity as shawn by antagonism of epinephri~e-indueed 

mobilization of free fatty aeids or inhibition of the spontaneous relea~e 

of glyeerol tram isolated rat fat poels, bloCking of the action of vase

pressin on the bladder thus altering fluid transport, lowering of serum 

cholesterol, 8ctivity on the central nervous system, and inhibition of 

platelet aggregation (3Tb) _ The relative activities of the PGE '8 and 

the PGF's are summarized in Table 2. 



Bi ologi cal 
preparation 

Cat isolated 
trachea 

Guinea pig isolated 

Response 

inhibition 

ileum contraction 

Chicken jejunum contraction 

Cow isolated iris contraction 

Rabbit B.P. depressor 

Chick sedation 

Rat isolated jejunum contraction 

Cat stupor 

Cat skeletal musc~e 
blood vessels dilatation 

Hamster isolated colon contraction 

G.P. isolated uterus contraction 

Fat mobilization inhibition 

Chicken rectal caecum contraction 

Rat isolated uterus contraction 

Rabbit isolated jejunum contraction 

Rabbit isolated uterus contraction 

Rabbi t oviduct 
in vivo 

.. 

inhibition 
FGF' s contract 

~'''. . 

500 

45, 43 

40 

12 

3 

>2 

1.8 

0.5, l 

0.6, 0.45 

<0·5 

Ref. 

45 

45 

45 

45, 46 

47, 48 

45 

47, 48 

46 

46 

45 

49 

45 

45, 46 

45, 46 

45 

45 

Table 2 (37): Relative biological activities of PGE and PGF's 

on various tissues. 

") 

* Figure was calculated fram results obtained fram two sources. 
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Horton (37) compared. the prostaglandins to the catecholamines 

and showed the similarity in their effects. He also suggested that 

like the catecholamines, the PG's may have different physiological 

activities at different sites. The prostaglandins are active 

even at very low concentration levels and their biological half life 

.Because of the many biological responses, the 

known prostaglandins are useful to prevent, control or alleviate a 

wide variety of diseases and undesirable physiological conditions 

in birds and mamnals, including humans and useful danestic animals, 

and in laboratory an:ima.ls, for exemple mice, rats and rabbits. For 

exemple PGEl' PGFlCX or PGFl.13 can be used to control blood pressure 

in hypertensi ve or hypatensi ve situations. They can be used to 

stimulate smoath muscle, for exemple, in fertility centrol. They 

can be used to study and treat animal disease conditions associated 

with abnormally high plasma free fatty acid levels, for exemple 

diabetic ketosis ·(38)... They can be used as fat metabolic regulatory 

agents, for exemple in the study and control of obesity, and as serum 

cholesterol lowering agents to study and prevent the onset of artero

sclerosis. 

lTostaglandin synthesis 

In spite their great physiological importance, the prostaglandins 

are available ooly in limited quantities through biosynthetic methods. 

It was therefore of great importance to devise synthetic routes to 

make the PG's available on a large scale and permit preparation of· 

chemical analogs with extènded biological half lire. The first syn-

-10-



thetic specimen of prostanoic acid was prepared by Samuelssan and 

Stallberg (19). The aim, of the syntheCiis was to establish the 

carbon skel.etan or the prostaglandine. Two different routes were 

used and are sUDIII8rized in chart 4. 

+ 

CHART 4 

.. 11-



No physiologieal aetivities were reported on these simple 

prostanoie derivatives. 

Bagli et al (39, 40) synthesized the first physiologieally 

active non-natural ll~deaxyprostaglandin F1~ as a raeemie mixture. 

The main features of their synthesis are s~ized in Chart 5. 

O~' 

(1) R = CO,eEt, R 1 = Et 

(2)R=R I =H 

èr~~' --_ ...... >'~ I\.,.~.,.~02CHs 
R . ~R 

-12-

(4) R = CN, Rt = H; (5) R = C02H, R I .= H 

le (6) R = C~H, R' = ClIs; (7) R = COOl'; 

(11) R = CHOH-CH2- CH( OCES) 2 

(12) R = CH=CH-CHO 

(8) RI = CES; (9) R = CO-CH=CHC1, RI = CES 

(10) R = COoCH2·CH(ooES), R' = CES 

H 
",~02H 

CHART 2 



The tirst total synthe sis al a natural occurring prostaglandin 

metabolite" the racemic ethyl ester ot dihydro-PGE1" was achieved by 

Beal et al (41). The synthe sis involved 11 steps and the startill8 

materia1 was the read1lr availab1e 3-ethoxy-2-cyclopentenone. 

1) to~lation 

2) moditied Wittig 
~ 

c~t 

l
reduction 
t~lation 
modified Wittig 

solvolrsis 
~ 

" .~ l'eduction 
~- - - ~OOEt 

CHART 6 

The key step to this synthesis was a moditied Wittig reaction" 

in Which the alky1 phosphonium bromide could react directly with the 

sodium salt of a for.myl derivative" to produce the olefinic ccmpOWDd 

directly. 

~HONa + ~HOH 
~ {t6p + XCH~~~r~J~~ + 

+ {t6p=O 

-13-



• With the am to synthe81,ze a Datural occurrq PGEl aDd PGFl the 

pre8ent 8ynthe8i8 va8 devi8ed. 
"-. 

The 801voll8i8 of cyclopropyl carb1D;V'1 iOll8 to Sive re

arranged allJl carbiQvl c~clobutyl aDd c~clopropyl type deri-

vative8 i8 velllalown and vas studied extena1ve~ (42) Of 

special interest vas a 8t~ made b~ WiberS and ABhe (4,) CIl 

the 801vo~BiB of the t08~late ot exo and eDilo bicyclo (, .1.0) 

hexane-6-methanol in acetic acid. Their reault8 are 8UD11Ull'ized 

in chart 7. 

KOAc 

~ 
H~c • 

K • 8 x 10-8 sec-1 

ors 
25° 

(1) 

CHART 1 

1" 
+éJ 

-JÀ.-



The rearrangement was suggested to proceed via bicyclobutonium 

ion in the following manner: 

;) H H 

By camparing the structure of the vinyl cyclopentanols 2 and 3 to 

that of the prostaglandin, i~can be tmmediat~ly observed that 2 and 

3 have the smne carbon skeleton as the Ce-C14 portion of the latter 

and that the oxygen function in the vinyl cyclopentanol corresponds 

to the ll-hydroxy group in the PG. Addition of the appropriate 

functionalities at 2 and 3 positions and on the carbinol in the 

bicyclo (3.1.0) hexane 1 to form 4 which could then perhaps be sol-

volyzed in the same mannerto give a prostanoic acid derivative, 

which lacks the oxygen function in the l5-position. 

(lH2)e-COOH 

Ü=~ 
e 

(4) 

o 
Il .~OOH 

~ 
TsO 

T.~ 
The oxygen in the l5-position could be introduced via modification of 

the structure of 4. The modification can be done in two different ways. 

-15" 



In both cases an ini tia~ introduction of a double bond, to form 

a vinyl cyc~opropy~ derivative(5)is required. The doUb~e band 

in 5 is transformed to the glycol 6, which could be solvolyzed 

in the above mentioned conditions. Wi th the lmowledge that the 

hamoally~c tosy~te so~volysis is much faster than that ?f its neighbor 

(a secondary tosy~te),it co~d be expected that most of 6 would 

solvolyze in the desired manner. 

( CH.2)eCOOH 
§ tos~ion >-
- soivo ls. 

H H 

(6) 

However, comp~cations were expected to arise, since in the PGE1' 

an ally~c tosylate in the 15-position is formed which could sol-

volyze easily and might cause side reactions ~ke diene fonnation 

or ally~c rearrangement. By preparing an epoxide from the double 

bond in 5 the a~lic tosy~te prob~em could perhaps be solved. 

It is known that reaction of o~efines with hydrogen peroxide 

in formic acid will lead to the formation of an epoxide which under 

the reaction conditions will open to give a glycol monoformate, a 

carbonium ion being the intermediate. 

It was expected that treatment of epoxide compound 1 under 

these conditions could give rise to a hamoallylic carbonium ion 

which wo'illd rearrange to gi ve prostaglandin E fonnates or 8. However 

it was anticipated the PGE1 would be the major product since solvatian 

-1.6-



(~)e-COOH 

5 

(7) 

is less hiDdered et the 5 position than in the 1 position in·7 

(or 6). In the prostaglaJldilJs, there are 4 as;ymmetric ceDters 

at 8, il, 12 8IId 15 positioas. The synthesis ou.tl1ned (see chart 8 

on page 20) ensures that the œ group at the li posi tiœ 8IJd the 

side chains at 8 aM 12 have the proper trans relatiOll. It Cd 

al80 be seen that the side chain at 8 if introduced by alkylation 

of ketone IX (see chan 8) Bhould UpoD equilibraticz gi ve the more 

stable traDS campouDd aB shawn in 5 (50). No vay to cOlltrol the 

stereochem1stry of the 15 ~oxy group could be devised. The 

followilJg scheme demonstrates the possible Çliastereoisaners thus 

tbtained (50A): 

~-CsH11 
~aJ.qlation 
-,~OOH 

dl mixture, absolute cODfiguration 8R, 8s. 

Racemate {'SR+15R8R+15B8R HO~ , 
l8s~ 15R8s+]5"as 

.' 

-17-



l5R BR 2 racemic 
l5S as) mixture 

l5R as l racem1c 
l5S BR} mixture 

Based on these considerations the fOllow1ng synthetic scheme 

was attempted. Details of the synthesis are desc~ibed in Chapter II. 

In Chapter III another synthesis is outlined which circumvents the 

major difficulty eneountered in the first synthesis. 

-lB-



CHAPrER II 

The Total Spthes1s of Prostagland1n - Route l 

CYclope~t-3-enol(I) wes read1ly obta1ned by hydroborat1on 

in diglyme of cyclopentad1ene and subsequent treatment with alka11ne 

hydrogen perox1de of the alkyl borane (51). 

The a l.cohol group of the cyclopentenol (I) was protected as 

the tetrahydropyranyl ether because of 1ts 1nertness to many chemical 

reacti~, 1ts ease of for.mation and quantitative cleavage in the 

presence of weak acids. In this second step of the synthes1s seme 

difficulties were encountered. When normal reaction conditions were 

applied (room temperature, chloroform as solvent and hydrochloric 

acid as a catalyst) (38) extensive dehydration of the alcohol occurred 

and the des1red product was contaminated with dicyc1opentadiene. 

Similar results were obtained when using phosphorous axychloride or 

p-toluenesulfonic acid as catalysts. It was found, however, that 

a quantitative yield of the tetrahydropyranyl ether was obtained 

When a1cOhol l was mixed with dihydropyran and phosphorous oxychloride 

at 5 0 and a1lowed to react at that temperature for four hours. 

-19-

The addition of ethy1 diazoacetates to II was studied using 

different reaction conditions, (52) • Nos'olvent' was.' used,. as i t was found 

that higher yie1ds were obtained at a given temperature by using a 

mixture of pure canpounds. The yield of the products was temperature 

dependent. The reactions were carried out between 60°-150°, and it 

was found that the highest yields were obtained at 100°. 



Ro-O 
1" R = H 

II,, R =~ 

FIRST ROUTE 

III" R = THP IVa" 

=THP / IVb, 

R 

VI, R = THP V" R = THP 

~ 

VII" R = THP H 
VIlla, iR = :tr" HO"; , trans double bond 

VIIIb" .~ = H" HOJ4'H" trans double bond 

VIlle" 

VIlld" 

R = H" 
H 

HO,,,,,! , eis double bond 

R = H" 
JI HO~ , eis double bond 

{ 

H-Cs Hll. 
IXa" trans double bond 
IXb" eis double bond 

Qhart 8 .. 

.. 20-



Xa: . R = CHe, trans double bond 

Xb. R = CHe, cis double bond 

XII R = H, cis and doublé bond mixture 

H-CsHJ.J. 

Xllla R = CHe, HC4.~"",;H, 
HO'lH 

Xlllb R = CHe, , 
HO JI 

Xlllc R = CHe, ,~~, 
HO...: JI 

Xllld R = CHe, ~, 

trans double bond 

trans double bond 

cis double bond 

cis double bond 

-21-

XIa R = Clb, trans double bond 

XIb R = CHe, cis double bond 

~ 
four alcohols XV 

XIV 
HO .... H 

R = H, ~/, cis and trans double bond + mixture 

,- - ~ ..(!OOH 
\"~-



/ 

• 
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The cata~st uaed alao affected the yields. Us1ng copper 

sul:f'ate pentahydrate cauaed extensive cleavage of the pyranyl ethe:r 

and the yield of III was very low. However by uaing copper powder 
1 

as catalyat, the reactiOl1 gave the expected products in 6~ yield. 

The product distribution was Dot affected by' the reaction conditions. 

Wiberg aDd Aahe (4,) ha~e shown that the additiœof etbyl diazoacetate 

to cyclopentene gave s1m1lar . bicyclic adducts in which the exo to endo 

ratio ws 4:1. G.L.C. examination of the reactiOl1 products ind1cated 

the formation of four canPounds. 

~coœt THPO"'g 
COOE 

(IlIa) (IIIb) 

FIGURE , 

The two major produets IlIa and IIIbwere pres~t in a ratio 

of 2:1, Ille and IIId were obtained with the same ratio, the ratio 

of exo to endo produets (IlIa: Ille, IIIb: IIId) was 4: 1. 

Treatment of the mixture of III with methanolie sodium methoxide 

UIlder reflux resulted in the ep1merization of the two miDor produeta 

Ille and IIId to the earresponding exo epimers IlIa and IIIb., The 

ep1merization reaetion and the relative ratio of the produata formed 

the basis of the stereochem1eal assigDment, in analogy to the results 

obtained by Wiberg and Alhe. 

Reduction ct the mixture ot III (IlIa, IIIb, exo.a and ~ 

pyranylaxy relative to cyelopropyl) with lithium al\lllinum hydride, 

(IIId) 
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gave a mixture of two epimers. The two alcohols had different chroma

tographie mobilities and could be separated easily using t.l.c. or 

g.l.c. The two canpounds nad essentially identical 1er. and n.m.r. 

spectra. 

In the oxidation of alcOOol IV to the corresponding aldehyde VI 

the problem ws to keep the protective group fran cleaving in the usually 

acidic conditions of the oxidation and to stop the oxidation at the alde

hyde stage. In order to overcane the first difficulty oxidation with 

lead tetraacetate in pyridine (53) and the Sarrett oxidation (chranic 

acid in pyridine) was t.ried. However, the yields were very low. Even 

though the alcOOols were in contact with the oxidizing agent for a long 

period of time, large amounts of starting material were recovered. 

It was found that the Jones oxidation (54,) gavemooerate yields of 

aldehyde VI at 20°, the remainder being the corresponding carboxylic 

acid and products arising fram cleavage of the protecting group and 

subsequent oxidation. By reducing the temperature higher yields of 

the aldehyde were obtained. The highest yield (8~) was obtained at 

-15°, and the reaction was camplete at that tempe rature after 7 minutes. 

The two a1dehydes obtained could net be separated by chramatogr.aphy. 

Both exhibited a strong car~ony1 band at 1700 cm-
1 

(C=O ex to cyclo

prop,y1). In the n.m.r. spectrum the aldehyde protons of the two isaners 

appeared at $= 9.2 ppm (major) and 5= 9.0 ppm (minor). The isamers 

ratio was 2:1. If the equilibration fram endo to exo was not carried 

out on II, it could be done at this stage by using sodium tert. amyloxide 

in tert. am;y1 81.coho1. The equilibration could be fo1lowed by disappearance 
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of the signal for the aldehydic protons of the endo iscmers (cf = 9.4 ppn) 

in the n.m.r. spectrum. 

The Wittig reaction (55) on VI' togiVe vn was also, carr'ied' out:under 
, 

different reaction conditiCllS in arder to maximize yields. The results 

obtained with different sol.vents and bases are summarized in Tabl.e 3. 

Phosphonium 
sal.t Base Sol.vent Temp. Time YieJ.d Ref. 

Hexyltriphenyl 
(DM30)-Na+ 1.5~ 56 phosphomum branide DMSO 55-60° 6 br. 

" NaH Benzene boillng 1 1.5~ 

" NaH THF boiling 1 3CJ1, 

" D.B.N. DMSO 80° 4 0 

" BuLi Benzene boiling 1 2CJ1, 

" " THF boiling 6 5o-8CJ1, 
formation of 

phosphorane in ether 

TABLE 3 

Wittig reaction of aldehyde VI with hexyltriphenyl. phosphonium bramide. 

The formation of the phospharane wes dependent on the base 

used. It was found that it wes formed rapidly and canpletel.y by using 

butyl li thi um in the tetrahydrofuran. 

The reaction of the aldehyde and the phosphorane was very fast and 

indication of it was the disappearance of the deep orange coler of the 

phosphorane and formation of a heavy white preeipitate. The breakage of 

the betaine was solvent dependent and the highest yields were obtained by 

us ing boiling tetrahydroturan. Sinee Wi ttig reaetions are not stereo-

selective, four isomers of VII were expected, due to geometrie isomerism 



• 

arOUDd the double bœd and syn am anti relation to the cyclopropyl 

group.of the tetr~opJl'aDY~œq tunction. 
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TJ® ... Â . ~.~/t-. 
~1" ~~1 ' ~ 

(VIIa) (Vllb) (VIlc) (VIIa) 

"FlGU1Œ 4 

The isaneris of VII had very a1m1lar chromatograliûc mobili ties 

am could not be separated. On pa chranatography tour products vere , " 

deteeted in the ratio 2:2:1:1. Binee the ratio of the a to ~ isomers 

was 2:1, it tollowed that o1s am trana isaners were tarmed in the ratio 

of 1:1. 

A ditterent path to obtain VII eould be tollowed by transtormation 

ot the alechol IV to the phosphonium salt V (57) &Dl submitting itto 

Wittig reaetiœ with n - hexanal. This alternative had the disadvantage 

ot giv1ng a low (,~) ;vield of V. 

Havirlg now a canpOUDd whichhad a eyclopropyl" vinyl system, wb1ch 

was expeeted tobe sensitive to acids, it was th~t that the aeidic 

eleavege of the protecting pyranyl group t6 give VIII might 'result in 

ring opening aa welle The eleavage eould be etteeted using œalic aeid 

in mathanol, without aa:y ot the cyclopropyl ring opeDins.w 

* Later it WBa tOUDd that the aJ.cohols were a180 stable to mathanolic 

hydrochlor1c aeid • 



The four alcOhols thus obtained coulabe separated by t.l.c. 

cr by g.l.c. and were Characterized by their relative ratio and i.r, 

and n.m.r. spectra. These data are summarized below. 

Relative stereo Ring carbinolic Geometry 
chem. of OH proton in { ppm of double bond 

ex 3.94- trans 

~ 4.32 trans 

ex 3.96 cis 

~ 4.38 cis 

TABLE 4 

Isomer 
ratio 

2 

1 

2 

1 
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The mixture of the alcohols was oxidized with dilute Jones re

agent (54)at _50 to give ketone IX in 8~ yield, Two ketones were de

tected on t.l.c. (silica gel G impregnated with 3~ silver nitrate) and 

g.l.c. They were separated and characterized by their 1.r. and n.m.r. 

spectra. One ketone exhibited a strong bond at v = 960 cm-]. which could 

be assigned to the trans double bond. The other isomer did not exhibi t 

any absorption at this region and was therefore the cis isamer. In the 

n.m.r. the vinylic protons in both cases exhibited a complex pattern. 

From a simple analysis (spectra,3,4 ~ pp. 74,75)· it appeared ~hat JH_H (vinyl) 

was 11 cps for the cis compound and 15 cps the trans compound. 

The alkylation of IX presented major difficul.ties. In part the 

difficulty was due to concurrent reactions like rearrangement of the formed 

enol to for.m a cyclopentenone derivative, aldol condensation of IX and 

dialkylation. 

> 

FIGURE 5 
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With the aim to achieve a reasonably satisfactory Jfield, num-

erous different reaction conditions were used. Various bases, solvents, 

leaving groups on the alkylating agent and different solvent volumes for 

a given amount of reactants were employed. It was also found that the 

order of adding the reactants and the presénce of oxygen affected the 

yield of products and side products greatly, resulting in subsequently 

difficulties in pur.ification. Sane of the reaction conditions used are 

summarized in Table 5. 

Base Solvent Ratio base! Ratio Reaction Yield 
ester Lketone ternE' of X 

t. BuOK t. BuOH 2, 3 6 room tempo O. 
b .p. of solv. 5% 

t. BuOK D .M.S .0. 2, 3 6 80° 10% 

t. BuOK benzene 2, 4 6 b.p. of solv. 5% 

t. BuOK T.H.F. 2 6 b.p. of solVe 25% 

t. BuOK D .M.E. 2, 4 6 " 35% 

t. amylONa t. amylOH 2 6 " a;, 

t. amylONa toluene 3 6 Il la;, 

t. amylONa D .M.F. 2 6 " la;, 

NaNH2 T.H.F. 2, 3 6 " 25% 

NaNH2 toluene 2 6 Il 0 

NaH benzene 3 6 " 5% 

RlCNa ether 1 6 Il 0 

Na(D .M.S .O.)D .M.S • O. 2 6 80° 5% 

TABLE 5 

Reaction conditions used for alkylation of ketone IX with methyl-7-

iodoheptanoate. 
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AB can be seen trca table· 5 .the highest yields Were obtained by 

usiua pota.sia t-butœ1de iD bo1l1as d1methQX1ethan.e, or bol1Dg tetra

~aturan. Diallqlatiœ OCCU1T8d to the utent ot abou,t 1~ ald caused 

dit:f'1culties 111 the puriticatiœ. 

In Ql'der to obtaiD ldflber l1elds, the 'l!av~;\'grèllp~,o:f thE( alkiiatins 

.. nt .... chaDled. lcar cUtterent 7-.ubstituted der1vat1ves vere usedj 

~17-brCDo, 7-1040, 7-•• 71017 ml 7-tcsJ'laQbeptanoate. Ho dra.t1c 

cbauae. iD the 71e14 ".re ob.erved vben metq17-1odo, me.ylax7 or. tosy1axy

heptaDoate vere uaed. Tbe brcao cClllpOUDd pr'oved to be relat1vel1' UDreact1ve. 

The .tereocbelll1atr,y of the alQlat10n ftll depeDdent on the amount ot ba.e 

used in the react1œ 1dxt'Ql'8. B7 us1Dg At least two told exeass ot base, 

0Dly the trana-aJqlated cCIDpowd (Xa or Xb) vere tormed. However, nen 

0Dly CDe mole or baae .... used, c1s a~lat1011 ft. observed (X~a or XIb) 

aD4 the ratio of XI to X ".a 65:'5 (a. detected on , .. 1.c.)(57A). It can be 

cœc1uded then that XI vaa the ld.Det1cal.q eODtrolled product, wh1ch n. 

tben eODYertecl to the tœl'lLOdpa1callT mare .table X. 

A.lqlat1œ reaet1CD8 were earr1red on XXa 8Dd In .eparatel1'. 

No d1tterence iD ~he 71e14 or in product di.tr1but1011 W8S observed. 

In the isolation of X .CIIIe mare d1tt1cult1es wre encountered. They 

vere part~ due to the ~tab1l1ty of X, aD4 the .1m1lar chrcmatosraph1c 

mob1l1t1ea .al :a, X aD4 __ 1 7-1odobeptanoate. It".. espec1a1l7 hard 

to set r1d or the 1040 eater *1ch va. prea.Dt iD the Jarp excess. 

This d1tt1cult7 ... a Oftrcse b7 atripp1D1 ott the 1odo e.ter iD high 

vacuo (57A) and subsequent chromatography on deactivated alumina. An alter

native way was the selective reduction of the keto group in X with sodium 

'bor~1de, to ai'" Xllla,XllIb ,xIIIe aDl XIIld iD wh1ch XllIb 1 Xlllc 



e 

were obtained in a sl1ght~ higher ratio. The seme reduction wes 

carried tor Xlà and XIb and tour alcOhols were obtained. The alcohols 
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had ditferent chromatographic mobil1ties and could be separated on t.l.c. 

The relative stereochemistry of the alcohol function in the 8 alcOhols 

ws aàsigned, based on the chemical shifts of the ring carbinolic protons (576) 

(see Table 6) and on their relative ratio. 

stereo Chem1stry 
ot Cr side chain Relative Geanetry Relative 
relative to cyclo- Ring carbin- stereo- ot double ratio 
prowl olic proton in chemistry at OH bond 

~ " 4 
ex cis 0.90 

~ 4, 2 f3 cis 1.00 

f3 ,.22 ex trans 0.90 
f3 4.05 f3 trans 1.00 
ex ,.87 ex cis. 0.75 
ex '.92 f3 cis 1.25 
ex ,.82 ex trans 0.75 
ex ,.88 f3 trans 1.25 

TABLE 6 

The esters (Xa, Xb) and (XIa, XIb) could be obtained in 8~ yield 

state by reoxidation with Jones reagent ot these alcOhols. 

An alternative route tor the alkylation consisted ot transtorming 

IXa and IXb to its morpholinoenamine 9 (58) ,which was then treated with 

methyl 7-iodO, mesyloxy or tosyloxy heptanoate in dioxane, dimethaxyethene, 

~~CH-C.Hll 
xylene and dimethy'l sultoxide. The highest yield, 10 - 2~, was obtained 

l'" 



by using dimethyl sv-lfoxide as a Bolvent. The keto ester XI obtained 

tbrough this method was highly contruminated by nitrogen containing 

canpounds which had similar chromatographie mobilities. The nature of 

these compounds was net investigated. 

Anether method tried was the alkylation of the magnesium salt 

of N substituted imine 10 (49),but no improvement in the yield (10 - 20%) 

wes observed. 

~~-C5Hl1 
(10) 

The approach toward alkylation of IX having an a-activating 

group such as a hydroxy methylene group (60),the magnesium carbonate 

group (13~ formed by reaction of IX with 4 moles of methyl magnesium 

carbonate in dimethyl formamide) (61)failed to increased the yield of X, 

because of the low yields of formation of the above mentioned compounds. 

( 11) ( 12) (13) 
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The free acid XII could not be obtained directly by saponification 

of the ester X, because of partial destruction in the basic medium. How

ever , the saponification of the ester alcohol XIII could be carried out 

smoothly to give the acid XIV. Reoxidation of XIV with Jones reagent 

gave the acid XII in 70% yield. 
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by using dimethy~ s~oxide as a solvent. The keto ester XI obtained 

through this method was highly contaminated by nitrogen containing 

canpounds which had similar chromatographie mobillties. The nature of 

these campounds was not investigated. 

Another method tried was the alkylation of the magne sium salt 

of N substituted imine 10 (49) ,but no improvement in the yie~d (~O - 2~) 

was observed. 

~~-C5Hl1 
(10) 

The approach toward alkylation of IX having an CX-activating 

group such as a hydroxy methylene group (60) 1 the magnesium carbonate 

group (~3; .. formed by reaction of IX with 4 moles of methyl magnesium 

carbonate in dimethyl formamide) (6l)failed to increased the yield of X, 

because of the low yields of formation of the above mentioned compounds. 

(11) (12) 

The free acid XII could not be obtained directly by saponification 

of the ester X, because of partial destruction in the basic medium. How

ever, the saponification of the ester alcohol XIII could be carried out 

smoothly to give the acid XIV. Reoxidation of XIV with Jones reagent 

gave the acid XII in 70% yield. 



Acid XIV (mixture of cis and traDS) was dissolved ',in ice cold 

form:t.c acid (97 • l~" l~ solution) buffered with two equivalents of 

eJCxUum formate and was treated with one equivalent of 3~ h;rarosen 

peroxide for 30 minutes at roantemperature. The mixture of formates 

thus obtained was bydrolyzed with l~ aqueous sodium carbODate and the 

mixture of alcohols was sepu"ated on t.l.c. Bpots correspCGding to 

PGF1a, traces of PGF1~ and the non-rearranged gqcol, together with 

two other spots were detected. PGF1a W8S isolated by' us:t.ng prepa~ , 

rative t.l.c. The compound ns not crystalline and was characterized 

main4r by its mass spectl"UJl1 which was identical to that of the natural 

PGF1a except for the intensities of Salle peaks below MIe = 100. 

Bioassay an the aynthetic product showed hign pbysiological 

activity" ranging !ran 40 - 9~ of that or the natural canpound in 

different tests. 

Trea'tment of X and XII w:t. th formic acid in the above mentioœd 

conditions, shOW'ed on t.l.c. the fomation of PGE1 &nd its metbyl ester 

respectively. However, the main products were PGA1 ane. its methyl ester 

respec'iiively. Bince the &mamts of X and XII available were very amall, 

it was impossible at this stage to isolate and characterize the pr08ta-
1 

glandin E and A formed. A further indieatiœ of the formation or PGE1 

was the appearance of the 218 JIU,I. peak in the u.v., when the crude mixture , 

~s treated with 0.5 N NaOH. 

Biologieal assay on this material which had been obta:t.ned tram 

XUcontaining 30 - 5~ unalkylated ketone IX was 20 - 3~. , 



----------------------------- -

Synthetic PGFICt in comparison to authentic samples. 

From left to right: A mixture of synthetic and natural PGF1Ct, 

synthetic PGF1Ct (trace of PGFl~), natural PGFICt, mixture of natural 

PGF1Ct and PGFl~' 
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CHAPl'ER III 

The Total Sypthesis of Prostaglandin - Route II 

In order to overcame the inadequacy of the alkylation procedure 

and the difficulties in the saponification of XI to XII which resulted 

in low yield of XII, the following alternate synthesis was devised. 

Its main features are summarized in chart.9. 

Cyclopentadiene monoepoxide XVI (62)was treated in absolute 

tetrahydrofuran with 7-pyranyloxy-l-heptyl magnesium bromide to give 

a mixture of campOWlds in which XVII was the major product. An ex

tensive concurrent poly.merization of XVI accampanied the reaction and 

-32- . 

in order to minimize it, numerous reaction conditions were used. The 

highest yield was obtained by slow addition of an excess of XVI:. to the 

tetrahydrofuran solution of the Grignard reagent, below 20°. The alcohol 

was characterized through its i.r., n.m.r. and mass spectra. 

When XVII was treated with manganese dioxide for a long period 

of: time no ketone formation was observed. The alcOhol was therefore 

not al~lic. 

The cis configuration of the fUnctionalities was assigned in 

accordance to similar openings of this epoxide (62) but was not proven. 

Alcohol XVII was converted to its di-tetrahydropyranyl ether XVIla 

using the same reaction conditions as described for preparation of II, 

with the only difference that two moles of dihydropyran were used. 

Reaction of XVII a with ethyl diazoacetate at lOO° in the presence 

of copper powder (52)gave the bicyclo(3.l.0~)hexane derivative XVIII in 



XVI 

6 (p. 16) 

XXIII 

-33-

SECOND ROUTE 

ghart 2 

XVII RI = H R = THP 

XVII a R = RI = THP 

t 

XVIII R = COOEt 

XIX R = CHaOH 

XX R = CHO 

t 
~I 

RI = THP 

RI = THP 

RI = THP 

~ ~ =--CH--CSH
" 

XXI RI = R = THP (cis and trans double 
XXII RI = R = H bond) 



about 50% yield, as a 4:1 mixture of exo and endo isamers as ascertained 

by gas chranatography.. The exo and the endo isaners were separated 

by thin layer chranatography and were characterized through their i.r. 

spectra. 

When the mixture of the exo and endo isaners was heated under 

reflux with methanolic sodium methoxide, exo XVIII containing less than 

5~ of the endo canpound was obtained. It appears that the addition of 

the carbene was stereospecific, the cyclopropane ring being added most 

likely in a trans manner with respect to the alkyl and pyranyloxy groups. 

Reduction of XVIII(exo) with etheral lithium aluminum hydride 

gave alcahol XIX in quantitative yield. The alcohol could be easily 

purified on t.l.c. fram the remainder of the endo compound, and was 

characterized by its i.r. and n.m.r. spectra. 

Jones oxidation of XIX at -15 0 gave aldehyde XX in 60% yield. 

The relatively low yield was due to cleavage of the primary tetrahydro

pyranyl ether during the oxidation reaction. The aldehyde exhibited a 

strong C=O band at 1700 cm-~ and in the n.m.r. a doublet at 9.2 ppm. 

If equilibration was not carried on XVIII it could be established 

at this stage using sodium tertiary BIlWloxide in tertiary amyl alcohol. 

The equilibration could be followed by the disappearance of the signal 

for the endo aldehyde at 9.1f ppn. The aldehyde failed to give a crystal

line derivative with dinitrophenyl hydrazine and similar reagents. 

Wittig reaction (55) of XX with hexyltriphenylphosphoréne·in tetra

hydrofuran gave XXI as a 1:1 mixture of geanetric cis and trans isamers. 

Having s1milar chranatographic mobilities, the two isamers could not be 

separated at this stage. 



Hydrolysis of XXI with a 0.5~ solution of oxalic acid in methanol 

gave diol XXII as a mixture of cis and trans isaners. The two isaners 

were easily separated on t.l.c. and characterized by their i.r. spectra. 

The cis isamer showed a strong band at 730 cm-~ and the trans isamer 

at 960 cm-~. XXlla and XXllb were oxidized wi th dilute Jones reagent 

at 0-5 0 and Xlla and XI lb were obtained. The i.r. spectrum and Rf' value s 

of these acids were identical to those obtained by the first route. 

The acids could be converted to their methyl esters by treatment with 

diazomethane. The two esters had Rf values identical to those obtained 

by the first route. 
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In order to minimize the formation of PGA~ (Chapter II, p~"3l1, the sol

volys1s was car.rbd out .. ·ia numerQUs ways. Itwas f'~und that the amount ,ef sodium 

formate used as a buffer had a large effect on the product distribution. 

The optimal conditions were obtained when a 0.5 N solution of sodium 

formate in formic acid was used as a reaction médium. (The t.l.c. of 

the crude mixture after the solvolysis using optimal conditions in 

illustrated in picture 2). 

Higher concentra.tion of sodium formate led mainly to the formation 

of the unopened glycol and the amount of PGE~ was small. On the other 

hand, concentrations lower than 0.5 N of the buffer or pure formic acid 

led to the formation of PGA~ as the principal product~w 

* The formation of the prostaglandine could be followed by t.l.c. and 

estimation of the amounts were made by measuring the 217 m~ absorption 

of the crude (for PGA~) and the 278. m~ after treating the crude with NaOH 

0.5N(for PGE~:and PGA~). 



Thin layer chromatqgraphy of the crude mixture fram the solvolysis 

of acid XII, the reference spot on the right is PGE~. (The run on 

the left side faded before the photqgraphy was made.) 
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>0.5 N > 
'''.''. 

CH=CH-C5H~~ 

In addition to the above mentioned buffering of the reaction, 

the reactian medium was kept as anhydrous as possible in order to 

avoid eliminatian of the Il-hydroxyl group by using 10~ formic aéid, 

and an equivalent amount of 90~ hydrogen peroxide. 

Solvolysis of XI in the above mentioned optimum conditions at 

roan temperature for three hours, gave after evaporation a.mixture 

or products which was hydrolyzed by treatment with methanolic sodium 

carbonate. Acidification in the cold to pH2 and ether extraction gave 

a mixture of products, which was resolved on t.l.c., using a modified 

A-II system (63) .•• Products having the following Rf values were obtained. 

1).0.47; 2) 0.54 - 0.58; 3) 0.67 - 0.88 (a streak).* 

The spot at Rf = 0.54 had the same Rf value as natural PGE1-

A better resolution of the canpound at Rf = 0.54 to 0.58 was 

achieved by a thin layer chramatography, on silica gel G impregnated 

For the campounds present at this region see Experimental - Chapter III. 
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with 3'/0 borie aeid. On preparative seaJ.e, however, they eould not be 

separated, sinee the wo eanpounds appeared as one band only. 

Treatment of the eompounds with Rf 0.54 - 0.58 with manganese 

dioxide in tetrahydrofuran, gave one spot on t.Le. whieh had the same 

Rf vaJ.ue as naturaJ. PGEl cocidized in the same manner. The two eanpounds 

are therefore most J.ikely the two diastereoisanerie raeemie mixtures 

(see p. 17). The mass speetrum of a mixture of the two eanpounds was 

identieaJ. to that of the naturaJ. PGEl exeept far deviations of seme 

intensities. The n.m.r. speetrum of the mixture was identieaJ. to that 

of PGEl exeept for the shape of the aJ.J.ylle protons. When keto aeid XII 

was redueed with soàium borohydride in sodium hydrcocide aqueous soJ.ution (64) 

mixture of aJ.eohoJ. XIV was obtained. Their Rf values were the same as 

for those obtained from XIII in the first route. Oxydative formo1ysis 

of XIV gave PGFla and PGF1~ respeetive1y whieh were aeeompanied 

QH 

OH 

FIGURE 10 

by unopened glycol and two minor campounds, which have not been identified. 



CHAPrER IV 

Spectroscopic Data 
i 

Many ~ the c~ounds described in the previous chapters had 

similar spectral features. These features served as a guide Une 

througbout the synthesis to indicate the presence or absence of 

certain groups. These features and other spectral data will be 

summarized in this chapter. 

The existence of the PWranyloxy protecting group could be 

very easily seen both in the i.r. and n.m.r. spectra. In the i.r. 

spectra" four banœ at '" = 1000" 102' - 1040" 1080 and 1120 - 1140 cm .. 1 

(see spectra No. 16" 17" 20" 22) were assigned as characteristic to 

the tetrahydropyranyl group. (65).The 1080 cm-1 band has been ascribed 

to the C - 0 stretch" the doublet usually seen at '" = 1120 - 1140 cm-1 

to the C-O-C-o-C stretch (65). Cleavage of the pyranyl group caused __ _ 

the disappearance of the above mentioned bands except far the one at 

1080 cm-1
• In the n.m.r. spectra the c-o-~-o-c proton had a very strong 

absorption at b= 4.45 ppm. A canplex structure which was centered 

at 6=,.4 ppn (see spectra 1,,2) was assigned to ~the protons a 
1 

to the axygen in the ether system -H2C-OC-0-CH2-. 
1 

The presence of the cyclopropy1 could be d·educed by the use of 

i.r. spectra. N.m.r. spectra was not an efficient too1" since con-

jugation of the cyc10propy1 proton with the double bond or carbonylic 

tunction" shifted it to lower field where it was hidden under the CH2 

enve10pe • The C-H stretching bands of the cyclopropyl function could be 
_1 

seen at '100" ,arO and '030 cm region. It appeared that a better 



resolution of those bands were aChieved with the bicylohexane rings 

bearing a carbonyl group. (canpare spectra No. 16 and. 20). In the 

canpounds that had an alcohol function instead of a carbonyl" the 

peaks at 3100 and 3C1T0 cm-J. could not be seen clearly. Bands at 

1020 and 860 cm-J. also indicated the presence of the cyclopropyl func

tion (66). Another indication of the cyclopropyl presence was the 

shift of the C = 0 stretch in the aldehyde to 1700 cm-J. and in the 
-J. . 

ester to 1725 cm ( 67) "a shift which is typical of carbonyls 0: to 

cyclopropane rings (see spectra 17). In the n.m.r. spectra the 

cyclopropyl proton at the 6 position could be seen as a multiplet at 

b = 0.76 only in compound IV. 

The double bond formed by Wittig reaction" could be identified 

by its characteristic absorptions in i.r. and n.m.r. spectra. 

The geometry of the double bonds could be obtained fram the 

i.r. spectra of the campounds. The trans ole fins had a praminent 

absorption at 960 cm-l and the cis at 700 - 730 cm-l. The latter 

overlapped with the (CH2)4 band at 725 cm_l" so the absence of the 

960 cm-l band was taken to an indication of the cis geometry. 

The relative stereochemistry of the other functionalities with 

respect to the cyclopropane ring (which was considered always in a ~ 

position)" were obtained fram their relative ratio together with the 

chemical shift of the carbinolic proton in the 3 position of the 

bicyclo(3.1.0) hexane" in agreement with similar assignments made by 

W1nstein et al (68). 
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In the second route, the key intermediate was the alkyl cyclo-

pentenol, obtained f'ran the opening of the epoxide. The final structure 

proof was achieved again with the aid of mass spectra. The fragments 

are summarized below: 

1.6 

198 - 18 = 160+ 

M -18 = 264+ M - side chain = 84Œ) 

8 + M - 4 = 198 



EXBmIMENTAL 

Chapter II 

gyclopenten ... 4-ol (I) 

The compound was prepared in 45~ yield according to the pro

cedure described by Winstein and co-workers (5l, 68). Theo'yield was 

improved by using preparative gas-liquid chromatography. 

Tetrahydro~anyl Ether of Cyclopenten-4-ol (II) 

A mixture of l (3.29 g.) and dihydropyran (3.39 g.) was 

eooled to 0° and two drops of phosphorous oxychloride were added. 

The mixture was stirred for one hour at 0° and three hours at room 

temperature. It was then washed with lCJ1, °aqueous potassium hydroxide 

and water and dried over magne sium sulfate. Chromato~aphy on aluminum 

oxide (activity II-III) gave II, b.p. l200/l mm, 46%.05 mm, in quanti

tative yield; n al.·s 1.4709. V = 3030, 1625, 1l40, 1070 cm-l. 
D 

5 = 5.42 (2H, HC=CH), 2.24 (4H CH2-C=C) ,.52 (aH Clf2-0) 4.45 (COc-o-c). 
H 

Found: C, 71.59; H, 9.27. 

Ethyl-( tetrahydroman-2-yl) oxy]bicyclo[3 .l.oJ-6o:carboxy1ate (III) 

Diazoethyl acetate (69a-c) . 0.07 M was added at lOO° over a 

period of 7-9 hours to a vigorously stirred mixture of II (0.01 M), 

and copper powder (l g.) (52). After the end of the addition the mixture 

... 42 .... 



was cooled down, hexane was ad4e4 and the copller powder t1~tered~" 

Chl'CID8t'opapby oza ù\llll1Dum œd.de (activity II-III) usiUS hpane

benzene ~_s as e~uents save in "~, yield III, as mixture of 
." . , ". ". . . 

four isQl1ers. 

Isaaeriz'tiœ of III (Exo:Èndo 4: 1) '. " ,,' 
" ",,'. . 

Ethy~-r( tetr~opyraD-2-yl),œtyJ ... bicyclo(3 .~.0)-6-carbo;xylate 

(exo eDdoa,.~isaœrs)' (2.8 S.) in methano~(50 ml?~) conta1D:1ng sodium 

methoxide (.150 mg.) was heated umer re:hux ter 4 bOU1's. Evaporation 

and extractiœ w1th ether save two products (axo;' a, ~) wbi~ were 

cietected S.~.c. (ApiesOD L. co~umn t~perat~ 2~Oo, retenti on times 

10, l2 minutes) .B.p. of the exo mixture 133 0 /~.l mm. J = 3~OO, 
:',\ 

3arO, 3Q50, l125,l2T2, Ù40, ~œo cm-1 
•. { = 3.92 (2H, quartet) 1 ~.09 . '. ) 

(,B triplet) 1 4.~45 ('li-O) ~ ,itt~ f~B ~-O). 
".,. '" 

Anal. Ca~cd. tor C1 .. HaO .. : C, 66.u; B, 8.12. -
Found: C, 66.60; B, 8.59, (for the mixture). 

Ester 1II2.5 g. in 20 ml. ether was added to lithium alum:1num 

hydride (0 .. 5 S.) :ln 20 ml. ether :ln such a rate that slow reflux occurred. 

;~e excese of the hydr~de was destro,ved with ethyl acetate and water. 

The react1œ mixturewae d:11uted w1th water and extracted w1th ether. 

·The cœb1ned ether emacta were dr1eci on sodium sultate and evaporated 

lleavius viscCQS all which cœs1sts of two alcc:iloJ.s wh1ch could be separated 

,eas1J.y by us1DS th1n layer chrœatography us1DS a111ca gel G. (Rf = 0.16 major, 

Rt • 0.82 m:1nor, ether as eluent). The ratio al these alcc:ilols was 2:1. 
1 



'1he tvo alccbola had a1m1lar 1.R. apectra that dlffered in. the in

teuitlea or aClAe baDde(apect~a19,20) ~ .. : B.p. ~o-l35%.OS •• 

V. ,400, '0.50, l~O, lœO =-1 •. J in bath lsaDers - 0.76 (lB c1c1o

propyl mu;Ltiplet), 4.45 (lH) , .'2 (,H). 

Allal. Calcd. tor both iacmera: C1alfaoQs: C, 61.891 . H, 9.50. -
lOUDd: (IVa) C~ 68.œj H, 9.59. 

FOUDd: (m) C, 67.58; H, 9.61, 

A iÎd.xture of alcoboJa IV. (252 ms.) was 41ss01ved in 10 ml. of ace

tœe ai1d cooled to -10·. Jœes reagen1f (54) 0.5 ml., d1luted vith 0.5 ml. 

of acetoue, wu added dropw1a":ri th visQl'OUS atlrriDg O'Ier a perlod or 

, minutes and the Jldxtœe was at1rred at that temperature far ail ad4~tiœal , . 

7 minutea. 

A few dropa ot i-propallol were added to deatrQ7 t~ excfSI of the 

reagent. The mixture waa d11uted with 50 ml. ot vater and extracted 

several times with ether. The ether was washed with water' and l~ sodlum 

~arbonate aqueous solutlou, then it vaa dried over magDesium sulfate and 

i:vaporated leaviDa 10 g. (8~ yield) of aldebyde VI ala mixture ot a and 
1 

t3 wr8D1loxy. The aldehydes could not be separated on t.l.c. QI' 011 g.l.c. 

tl peak retent100 ttme 14 minutes, 5~ DC 710, on acid washed Cromosorb W, 160°C. 
~O V III ,CIJ1, ,aro, '0.50, 21:50, 1700, mo, lœo cm-1 • S. 9.2 (.~) tor the 

" 



major isaner aDd f= 9.0 for the m1nOr~· 4.5 (llI) 3.5 (3~) ~ppn. 

By ax:idizing separately, alcohols IVa and IVb, the two alde

hydes were obta1ned in pure state and were character1zed as their 

din1trophenylhydrazones (m.p. 202 0 for the major iSÇlllerj exo-a- . 

pyranylax:y) and m.p. 195 0 for the minor-exo ~ pyranyloxy). 

6!m!. Calcd. for C1SH.e2N.t.0e: C,55.38; H, 5.68; N, 14.35. 

round: c, 55.48; H, 5.61; N, 14.23 (exo, a) and C, 55.42; . H, 5.6lj 

N, 14.25 (axo, ~). 

Upon treatment of a non-equil1brated mixture of exo and endo 

a14ehyde with œe mole of sodium t. amyloxide in boil1ng t.amyl alcohol 

for 5 minutes, the endo canpounds were transfomed canpleteq to the 

exo, as was judged by the disappearance of the doUblet at 9.5 ppm. 

~~rèTetrahidrOpYran-yl)9KYJbicYcloC;.i.OJ-hex!ge-6-methyl-triphenyl

@osphonium Branide (V} 

The canpound was prepared according to a procedure described by 

H. J. BestJnann (51). 

The alcoool IV (IVa, IVb JÛXture)(0.432 g.)and 5.56 g. of tri

phenylphosphine hydrobromide (prepared by passing dry HBr gas through 

a benzene solution of triphenylphosphine), were dissolved in 50 ml. of 

dry tetrahydrofuran and the solution was stirred at roan temperature for 

~O heurs (the product begins to cryatallize out after 7 heurs). After 
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that period the solution was filtered with suction, the precipitate washed 

twice with co14 tetrahydroturan and was let to dry in vacuum aver potassium 

hydroxide pellets. The 11eld was 3~ m.p. 149-150 0 (not cOl'rected).»- 3100, 

, 



1015, 1050, 1015, 1450, 1020am-1
• 

~. Calcd. f~ CsoHs.02PBr: c,67.03; H,6.33; Br, 14.85. 

Found: C, 67.35; H, 6.40; Br, 14.25. 
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6(1-Heptien,yl)-3-(TetrahŒopyran-2-yl)œr]-bi&clot3.1.0J-hexee '(VII) 
i . 

To hexyltriphenyl phoaphonium branide (70)(21.4 g.), m.p. 198 0, 
prepared trom 1 mole of tripbenyl phosphine and 1.5 mole of hexyl branide 

in refluxing benzene for 40 hours) in 300 ml. of anhydrous ether was added 

19.5 ml. of 22.22~ solution of butyl lithium in hexane, in a dry nitrogen 

atmosphere. A bright orange coloration indicated. the formation of the 

phosphorane • Atter stirring for 10 minutes 7 g. of aldeb:yde VI was added, 

causing 1mmediate precipitation or the betaine. Most of the ether was 

evaporated and 250 ml. of dry tetrab:ydroturan (previously distilled over 

lithium aluminum hydride) WBS added. The mixture was refluxed for 5 hours, 

the solvent evaporated and the residue extracted several times with ether. 

The cambined ether extracts were washed twice with water, dried over mas-. . 

nesium sulfate and evaporated in vacuum. The residue was chranatographed 

on aluminum œide (activity II-III). Elution with hexane-benzene <:~:l) 

gave -9.5 g. of VIIwhich appeared on one spot on t.l.c. with various solvent 

systems. On g.l.c. fO\.U" poorly resolved products could be detected (Apison L. 

column, 220 0
, retenti on time 15 minutes). Bince it wal ditticult to char ac

terize e.t thia stase the characterization or the individual isaners were 

carried on alcohol VIII. The mixture had the following spectral f'eatures: 

v-= 3100, 3075, 3030, 1650, mo, 1020, 960, 735 cm-1 ; A max 198 m~ (ethanol), 

,-= 5.2 (H-C=C-H canplex) 4.45 (lH) 3,52 (3H) 0.9 (3H terminal methyl) ppm. 



8lternate Route to VII Using Phosphonium Salt V and Hexanal (:2,7) 

To 90 mg. of sodium hydride previously washed with hexane and 

dried with nitrogen stream, was added 15 ml. of anhydrous dimethyl

sulfoxide. The dispersion was kept under ni trogen at 70-75 ° for 15 

minutes. To the solution was added 2.5 g. of the phosphorane V in 
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one portion causing a red coloration of the solution. To the resulting 

ylid 200 mg. of hexanal in 5 ml. of dimethylsulfoxide, was added during 

5 minutes. The mixture was then stirred for 5 hours at 70-75°. Ice and 

water were then added, and the solution was extracted 3 times with ether. 

The ether extracts were back-washed twice with water and it was dried 

over sodium sulfate and evaporated. The residue was chromatographed 

on aluminum oxide (act. II-III). Elution with hexane-benzene 3:1 gave 

VII in 25% yield. The ratio of isomers was the same as in the previous 

route. 

6-(1-Heptegyl)bicyclo[3. l •0]hexan-3-ol (VIII) 

To 350 ml. of 0.5% oxalic acid in Methanol solution was added 8.5 g. 

of VII and the mixture was refluxed for three hours. After that period 

the Methanol was evaporated, ether was added and the ether solution 

washed twice with lCf{o sodium carbonate aqueous solution. The ether 

extra ct was then dried over sodium sulfate and evaporated, leaving 

a viscous oil. The oil showed on t.l.c. four spots (benzene ether 8:2) 

at Rf 0.36 (trans double bond ~ OH), 0.40 (cis double bond ~ OH), 0.54 

(trans double bond a OH) and 0.62 (cis double bond a OH). The bands were 

separated and their relative ratio was determined as 1:1:2:2 (in the same 
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.' . . . 

loall4: C, 80.82, JI, u.26 Cm.) J c, 79.81, H, U.4o (VIIlb); . 
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Anal. Ca1cd. for C1S~oO: C, 81.20; H, 10.48. -
Fouad: C, 81.15;' H, 10.40 (c~a); C, 81.10; H, 10.10 (tr8D8). 

!fol. ve1sht 192 (maaa apectrum). 

Metbyl 6-( 1-heptep.y1) -'-œo-biçyclo [, .1.gJ-hexane-2-heptanoate 

(x., n) D1z:ect .AJ Jsylttiœ 

To a auspell8iOi1 or 0.4 JIK. of potasa:1um hydrœd4e in 10 ml. of" 

anbydrO\18 d1MthCll:Q8thaDe, \1II4er Di'trcgen .tmoaphere, vaa .dded 0.2 DM. 
l 

ct b:1cyclo Jœtcae IX, ( c:1. traDI mixture) and the re.ct:1œ ".. st:S.rred 

tar 15 m:S.mzt... Meth71 T-:1odo-heptanoate (1.2 mM.)1D 20 ml. cU.methaq-

ethalle vu then'.dded alOlf'~. After the elJd or the I4d:S.t1on, the m1xtUl'e 

val retluxed tar 'T heur. (the react:1on vas ,tollowed by t.l.e. aD4 !Il

terrupted, wen deecapos1t1œ ot ~to eater X 11&8 lIIOt:1cable). The re

action m1ztur. vu eooled 1n iee b.th aDd the bas1e aolut:1011 wu .eid:1t1ed 

:1n the col4 w:S.th dilute (1~) ~ochloric aeid. Extr.et:1œ nth ether 

toUowed. The èther ext:ract. vere dI':1ed over sodium .ultate aDd evaporated, 

leav1rl8 a CZ'U4. vh1ch ecaaist.t or .tart1D8 materials, Pl'04uct X aD4 d:1alqlated 

pr04uct. The aeesa or the :1040 ester aDd ketone IX wal removed b7 'VICUUIIl 

d:S.ati11at:1011 (40-70 m:lcrœa) (57A). The remainder was chromatographed on 

alumina aet. II-III. Elution with benzene gave the rest of the unreacted starting 

material (ketone IX and sorne methyl iosoheptanoate). Elution with benzene 

ether 8:2 lolutiœ gave the )œto eater in '5~ y1eld al1ght~ contaminated 

~th ketœe IX. Elutiœ v:S.th benzene ether T:' laYe the d:1aJqlated Pl'04uct (5TA) 

~n l~ y:S.eld. The ester eœld be turther pu:r1tied by reduct1011 w:S.th .000um 

barabyd:r:1de, cb:rClD&tClZ'a~ 011 .il1ea gel 8Z1d read4atiœ nth Jonea reasent, 

1n the .... "'''Mr .. de.c:r1bed tar the addati01l ot alcobol VIII. (The 
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exact details of the sodium borabydride reduction are described in a 

subsequent paragraph). Xa and Xb had the same 'Rt value and were poarly 

~esolved on g.l.c. In orde~ to obtaiu the esters in pure state oxidation 

ot Xllla XllIb tor the trana and Xlllc XII Id tor the cis, is required 

(see procedure, p. 56). The tvo esters had similar 1.r. and n.m.r. 

spectra. The tvo cClllpouDds had bands in the 1er. spectra at V= 3100, 

30.50, 1750 (C-o and ester) 1890, lœo, 735 -1 cm • The trans keto 

ester exhibited an extra band at 960 cm-1
• The n.m.r. sp~ctra is es-

sentially similar, the only ditterence was in the shape and coupling 

tor the complex vi~l protons absorptiQn at ! = 5.2 ppn. 

The fragmentation upon electron impact is described in Chapter IV. 

~. Calcd. tor C21Hs40s= C, 75.45; H, 10.46. 

Found: C,75.l0; H, 10.00 (cis); C,74.82; H, 10.10 (trans). 

M.W. 334 (mess spectra). 

On alkylation under same conditions but using 1 mole of base 

instead ot 2, X~a Xfb and Xa Xb vere obtained in the ratio ot about 65:35 

(as judged by g.l.c.) (Four ft. 3_ silicon rubber column, 245 O)(57A). Reflux 

ot the resulting products vith 2 mole equivalents ot potassium t. butoxide 

in tetrahydroturlln tor two hours resulted in a cClllplete conversion ot XIa and 

XJ;b to Xa and Xb respect1vely. . 

The stncture of the dialkylated product wes deduced tran its mess (5 r

(A) 

and n.m.r. spectral It had a molecular ion ot 476 (molecular veight) and the 

n.m.r. spectrum had the ratio ot olet1nic protons (4, 5 - 5.7 ppm.) to 

methyl ester protons (, .7' ppm.) ot 2:6 consistent vith the structure. 

OOCBs 
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lndirect Alkylation 

a) Preparation of Morpholinoenamine of IX 

Ketone IX (1001 mg.) was refluxed in 50 ml. of benzene with 2 ml. 

of morpholine and few crystals of p-toluenesulfonic acid for 18 hours, in 

a flask fitted with a Dean-Stark water collector. After that period the 

reaction mixture was cooled and washed once with a saturated solution of 

sodium bicarbonate. The benzene layer was dried over sodium sulfate and 

evaporated leaving a vis cous brown oil. No further purifications were 

carried out on the enamine, and it was used as it is for further reactions. 

The campletion of the reaction was determined by the i.r. of the product 

( spe ctrum';;;O) '. 

b) A~lation of the Enamine 

To a solution of 200 mg. of enamine in 70 ml. of anhydrous di

methylsulfoxide, was added under nitrogen atmosphere l g. of methyl-7-

iodoheptanoate by means of a syriqge. The mixture was then heated to 

60-70° and stirred for 4 hours. After that period the r eaction mixture 

was cooled, 280 ml. of cold water were added and the suspension stirred 

at roam temperature for 3 hours, and extracted with ether. The ether 

extract was back-washed with water, dried over sodium sulfate and evaporated. 

The crude was chromatographed in the manner described before to give keto 

ester X in 20% yield. 

c) EEeparation of Hydroxymethylene Der!Y~~.f.JX 

To a solution of 300 mg. of ketone IX (cis and trans) in 15 ml. of 

dry benzene, was added 2 ml. of ethyl formate and the mixture was cooled 

to 10°. Sodium hydride (52% in oil) 87 mg. was then added in small portions 



with atirr1Dg. After the end ot the addition, the. suspension was 

allowed to warm up to roClll temperature and was stirred tor 14 hours. 
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Cold. water was added and the aqueOWJ solution extracted twic~ with ether. 

The water layer was aciditied in the cold and extracted wi th ether. The 

ether extract was washed with water to neutral1ty dried and evaporated, 

yield:1ng the hydrax;ymethylene derivative in 1~ yield. 

&:!!!. Calcd. tor Cl"~O~: C, 76.36; H, 9.09. 

Found: C, 75.96; H, 9.32. No al.lqlation was carried on this derivative. 

d) Allsylation of the Masnesium. Carbonate Derivative ot IX 

Ketone IX (cis and trans.' 100 mg.) in 2 ml. ot d1methylto~de 

was heated tor one hour at 110-120, with tour mo1ar equiva1ents ot methy1 

magnesium carbonate (61). "!'he· react10n mixture was <eooled to 25 0 and .. 600 mg. of 

methy17-iodoheptanoate in 5 ml. d1methyltormamide was added. The re-

sulting mixture was stirred at 70-75 0 tor 14 heurs. The mixture was then 

poured into 5 g. crushed ice contain:1ng 2 ml.. ot concentrated hydrooh1aric 

aci~and the mixture stirred tor 5 minutes. The aciditied mixture was 

extracted severa1 t1mes with ether. The combined ether extracts were 

washed with cold water and twice with a 1~ aqueous solution of sodium car-

bonate . The basic extract was acidified in the cold, and the 1iberated 

acid extracted with ether. The ether extract was dried over sodium sultate 

and evaporated. 

The crude prcxluct was disso1ved in 10 ml. dimethylformamide con-

tain1ng 50 mg. ot copper sultate pentahydrate. The mixture was ref1uxed 

tor 2 heurs, then poured into 100 ml. of water. The aqueous suspension 

was extracted wi th ether. The ether extract dried and. evaporated. The 



nl14_ wu .aaat .. allbe4 CIl IWc1c ac1d aa deacr1bed above lielcUDa 

Dto .Itu X !D ,. Jie14~ ,:!', 

Ac14 ~ol1ai~" of tbe ...... 1111 carbcmate cClllp1ex otIX {p. ,1.) 

!D ta. 1_ .... io Ji.lcJ84 6-(1-bepteQl)-2-C8l'baI;y-,-axo-b1qcl0 L,.1.0J

; hezaDe :I.D ,~. ' 

6aI!- Calc4. 'tœ Cl..saA 1 C, 71.18; H, 8.41. 

PClUDIl: C, 71.50; B, 8.20. 

Methyl 7-Irci!cb!ptanoate 

The cClÇOWlll va. prepand t:rClll 1-b:rcaaheptano1c ac:S.d '[71,72) accard1118 

to • p'oce4ure 4elc:r1be4 by Me. et al. (12). Bo1l1Ds point llOo/, DDIl. 

!ttèl1 7-1cd.C!beptwgte 

To a .ol.ut1œ of 1.12 1. ot .04:S.um :S.cd.:S.de iD 10 JIll. ot acetœe 

va. 1I4cle4 a .olut1œ of 1.11_ of _th711-b:randleptanoate :S.D 5 ml. 

acetoae. A .11pt colarat1C1l 4.ve1ope4 1IIIIIed1ate:q and prec:S.p1tation 

of 1cd.1_ wCld4e ltazote4 lbartl.T the:reatte:r. Atte:r atmUDi at :rOClll 

tar;I:ratun tœ, houri the ".at1œ Jlixtuz'e vas t:llt.:re4 aD! the acetene 

evapoJ"ate4. The :re.i4ue wu d1 •• olved in *the:r and a l1ttle vater, the 

ether .epante4 aD4 va.be4 œc. n'th 5 •• c41um tb101ultate lolut1on and 

tbNe tille. vith "atu. Artel' 4rJ1D1 over ~0U8 aodium aultate, 

the etm:r vu .tdppe4 "'1' :re4~e4 pn •• 'UZ'e et :roca tempe:rature ~av:S.ng 

1.2 1. of P'oclv.ct (72A). The compound "TaS identical to methyl 7-iodohep

tanoate prepared via a known route (73). 

, 
S· r~ 
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Methy1 l-mesy1axyheptanoate 

To a solution of 2 g. methyl 7-hydroxyheptanoate (74) in 35 ml. of 

pyridine, cooled to 0° was added in tour portiœs .. 5.5 ml.. or mes;y1 

ch1oride.. am the mixture was kept at 0-5 Ct tor 2 hours. Aner that period 

the pyrid1ne was removed by pouring the reactiOD mixture int9 crushed ice 

contain1I1g hydrochl.oric acid. The organic residue wail extractèd vith ether. The 

ether extract was washed to neutra11ty vith saturated sodium bicarbonate 

sol.ution" dried over sodium suUate and evaporated leaviug 2 g. of crude 

product. Fi1tratiOD ot a benzene so1utiOD of the crude 011 a short (15 g.) 

co1umn of a1um1num œdde activity II-III gave 1.8 g. of methy11-mesy1œty'

heptanoate. 

~. ca1cd. tor CsH1S0"S: C .. 48.61; H .. 8.ll; S ... 1.4.41. 

FOUDd: C, 48.,0; H, 8.00; s .. 1.4.15. 

Methy'1 7 -tosY1axyhept&noate 

Methy1 I-tos;y1o:xyheptanoate ws prepared frall methy11-hydroxy

heptanoate (74)accordiIIg to the procedure described above .. vith the ex

ception that the reactian vas carried at roam temperature tor 2 hours. 

~. Ca1cd. for C15~204S: CI 60.05; H, 7.43;. s.. 10·72. 

Found: C, 60.30; H, 7.Œ; S, 11.35. 

Methy1 6-(1-hepteny1)-3-ol bicyc1ç(3.l.01-2-heptanoate (XIII) 

A solution of 50 mg. ot keto ester X (cis and trans mixture) 

sl1ghtly contaminated vith ketone IX in 2.6 ml. ot dimethyltormamide was 

cool.ed to ~ 0 c. am was treated rapid.ly ldth stirring with a solution of 



• 

110 mg. of sodium borohydride in 0.65 ml. of water (75). Additiona1 

stirring at 18-200 for four heurs was carried on. The reaction mix

ture was cooled to 50. The excess of the hydride was destroyed with 1~ 

aqueous acetic acid. The solution was poured into 25 ml. of cold water 

and the suspension farmed extracted with ether. The ether extract was 

back-washed with water, dried and evaporated. T.1.c. showed four spots 

at Rf = 0.58 (~H, cis double bom),O.49 (~H trans double bOnd)" 0.35 

(OOH" cis double bond) and 0.32 (aoH trans double bond) (solvent system 
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benzene:ether 1:1). The canpounds were identified according to the chemical 

shift of the carbinolic proton (see Chapter II,, p.29 and Chapter ~V" p. 39). 

The ratio was àbout 1.5:1.5:1:1. 

The four alccho1s have bands at V= 3450, 3<:Bo, 3030" 1750" 1625" 

llBO" 1020 and 735 cm-l. Xllla and XllIb have an additional band at 

960 cm-l. The n.m.r. of those canpounds is shown in spectra no. 5, 6, 9, 10 

A similar reduction of XI (cis and trans mixture) gave a mixture of 

fo.gr. . al-c ch olJ (XV) which had s1milar Rf value as the a side chain series 

with benzene-ether system. Different Rf values were achieved by using 

ethy1 acetate cyclohexane 1:3 mixtures. For the trans double bonds series: 

Rf 0.18 (~OH a side chain), 0.15 (aOH a side chain)" 0.21 (~OH" ~ side chain), 

0.14 (aCli ~ side chain). For the cis double bond series: 0.21 (~OH ex side 

chain), 0.18 (QQH a side chain), 0.25 (~OH ~ side chain), 0.15 (~OH ~ side 

chain) (51.8). The n.m~r. spectra of the alcohols 16 shown in pp. 76-83. 

~~. Calcd. for C21lJse<b: C, 75.00; H, 10.71. 

Found far trans double bond series: C, 75.10, H, 10.31; C, 74.91, 

H, 10.30; C, 74.95, H, 10.30; C" 74.78, H, 10.80 •. For the cis double 

bond series: C, 74.99, H, 10.40; C, 74.89, H, 10.40; C, 74.82" H. 10.20; 
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6( l-Heëen"y1-3·ol-biçycJ.0C3 .1.0lhexane-2-heëanoic Ac1d !XIV) 

A mixture of XlIIa aDd XlIId ('0 ms.) vas h;ydr~ed in 10 ml. 

10~ methanolic sodium carbonate solution, for 10 hours at room temperature 

The ~eactiCD m1X'twevu diluted vith 100 ml. co14 ve.ter and extl'acted 

vi th ether. The &qu.ecua 1Qv va. ac1cl1t1ed in the cold vith cœ

ceDtrated lQ'drocb1aric acid aD4 extracted vith ether. The ether eztract 

Vas vuhed vith vatel' i 42,'ied aD4 evaparated leav1Dg ~ 1118. or crude 

acid XIV. The mirture had absarptiœ bemda iD the 1.r. at V- ,400 (œ) 

'lOO, '(30, 1750, 1700, 1020, ~5 am-1 The two ac14s could be separated, 

cm t.1.c. (sil1ca gel G impresnated vith ,~ silver nitrate, etby'l acetate: 

acetic acid 99:1 as elueDt). The taster moviUS acid was identit1ed ac

cord1I2s to it. 1.r. as the traDS acid. 

&!!!. Calcd. for C2oHs"Qs: c, 74."; H, 10.55. 

Fouad: C,74.1O; H, 10.45 (tr8D8 acid); c,74.'5, H, 10.55 (c1s acid). 

6(1-HepteDyl)·3-oae bigzclsl3.l.0J-hexane 2-heptanoic Acid (XIIl 

Alc~ol acid XIV (cis vans mixture) ('2 ms.) was d1ssol.ved in , ml. 

al acetone and cooJ.ed to -5·. Jones reagent (54) 0.1 ml. in 0.5 ml. of 

acetcm.e WBS added rap1~, aM the mixture stirred at -5· tor 7 minutes. 

A tew drops of isopropanol vere added to destroy the excess of the reagent 

and mixture vas diluted with 15 ml. of co14 water and extracted vith ether. The 

ether extra ct ~ washed t1fice vith cold vater and tvice vith 10 ml. portiœa 

or l~ sodium carbœate aqueous solution. The basic extract os wllshed 



with ether and acidified with cold diluted (1:10) hydrochloric acid 

and extracted several times with ether. The cambined ether extracts 

were washed with water to neutrality, dried over magnesium sulfate and 

evaporated leaving 28 mg. of crude keto acid. 

For characterization purposes an ethereal solution of the acids 

was treated with excess of an ether solution of diazamethane at 5° for 

20 minutes. The ether was evaparated, and the residue chramatographed 
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in the same manner as described for keto ester X. The methylation products 

were identical by their i.r. and n.m.r. spectra and Rf values to methyl 

esters Xa and Xb obtained by alkylation of ketone IX. 

Oxidative Fo~olysis of XIV to PGF1a 

Acid XIV (27 mg.) was dissolved in 3 ml. of ice cold formic acid 

97-100% containing 2 equivalents of sodium formate. 1.1 equivalent of 

hydrogen perOKide was added rapidly with vigorous stirring (76). The 

reaction was allowed to warm up to roam temperature (26°) and was stirred 

at that temperature for 0.5 heur. The solvent was evaporated in vacuo 

(bath temperature 26°) and the resulting powder was shaken with 3 ml. of 

10% aqueous solution of sodium carbonate for 1.5 heurs. The solution was 

acidified with cold dilute (1:10) hydroch1oric acid to pH 2 and extracted 

several times with ether. The ether extract was washed to neutrality 

dried over sodium sulfate and evaporated. The residue was separated by 

t.l.c. (silica gel G, impregnated with 3% silver nitrate elution with AIl 

system ( -ethyl acetate-methanol acetic acid-isooctane-water 110:30:35:10:100,) 
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detection was accamplished by spraying with 10% solution of phosphamolybdic 

acid in ethanol (31)and heating at 120° for 25 minutes. For quantitative 

purposes the plates were sprayed with water and the campounds detected 

by their opaque lines). 

Bands corresponding to starting material, prostaglandin F~~traces 

of PGF~~ and three other products were detected. The band corresponding 

to PGF~a was elutedout with methanol. Evaporation of the methanol yielded 

PGF~a highly contaminated with silica gel. Treatment with acetone liberated 

the prostaglandin fram the s ilica gel. 

The yield of d,l PGF~a was approximately 30%. The ior. and the 

mass spectrum of the synthetic specimen was identical to that of PGF~a, 

except for differences in intensities below mie 100 in the mass spectrum. 

Bioassay indicated physiological activities 40-90% of natural PGF~a 

in various different tests. 

Qxidative Formol~sis of X and XII into PGE~ and PGE~-methyl ester 

By treatment of 2 mg. of XII( cis and trans mixture) in formic acidl 

sodium formate and hydrogen peroxide in the same manner as described above 

for PGF~a, there was an indication on t.l.c. of the formation~f PGE~. 

(AIl solvent system with natural PGE~ as reference). Treatment of the crude 

with l ml. 0.5 N NaOH for 60 minutes, gave material having the same Rf as 

PGB~ and the crude had a strong absorption at À = 278 ~. 

The solvolysis of X was carried on in the same manner and PGE~ 

methyl ester was observed on t.l.c. but it appeared that the yield of 

this campound was very low. 



• 

Cyclopentadiene-mono-epoxide (XVI) 

The compound was prepared in 30% yield according to a procedure 

by Korach et al.( 62) [" = 6 ppm (2H H-C=C-H complex), 3.73 ppm. 

(2H ~~ complex), 2.35 (2H complex)ppm. 

I-Tetrahydropyranyloxyheptyl Magnes~~omide 

7-Bromoheptanol (77) b.p. 116°/2 mm. was treated with a small 

excess of dihydropyran and a few drops of phosphorous oxychloride for 

a few hours at room temperature. A small amount of aqueous potassium 

hydroxide was added. The solution shaken for a moment, and th en ex-

tracted with ether and the ether solution washed to oeutrality. The 
" 

ether was dried over sodium sulfate and evaporated in vacuo., The 

crude product upon distillation gave the tetrahydropyranyl ether, 

b.p. 113 °/2 mm. 

SB~~. Calcd. for C~2H2302Br: C, 52.40; H, 8.30. 

Found: C,52.16; H, 8.47. 

The yield of the distillate was relatively low, mainly because 

of the cleavage of the pyranyloxy function during the distillatio~. 

For preparative use a hexane solution of the crude was passed over 

a short column of aluminum oxide (Act II-III) and the compound used 

as such after evaporation (yield 90%). 

To 90 mg. of magnesium powder (preactivated by washing with dilute 
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HC1, water, acetone and dried by a stream of nitrogen), and few crystals 



of iodine in 2 ml. of anhydrous tetrahydrofuran, was added 1.13 g. 

of the bromo-7-pyranylaxyheptane in 15 ml. of tetrahydrofuran. 

After initiation of the reaction, the mixture was heated under 

reflux until most of the magnesium had disappeared. Vigorous stirring 

was essential for fast and complete reaction. 

2-(I-a-Pyrnaylo!lheptylleyelopent-3-en~01 (XVII) 

00+ BrMg( CH2h-OTHP-----:>~ A + XVII + B 

To the Grignard reagent prepared above, in a nitrogen atmosphere, 

was added very slowly 0.6 ml. of eyelopentadiene monoepoxide (XVI) in 

10 ml. of anhydrous tctrahydrofuran. 

The temperature was kept between 17-20°, sinee extensive poly

merization oceurred above these temperatures and it appeared that by 

keeping the temperature between 0 - 5° the reaction rate was slow. 
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Upon campletion of the addition (2 hOurs) the reaction mixture 

was stirred for another 1.5 hours. The solution was then poured onto 

crushed iee and ronmonium chloride and extl'acted sevel'al times wi th ether. 

The ether extraet dried over sodium sulfate and evaparated, leaving 1 g. 

of crude material. The crude product was triturated with dry hexane 

whereupon the polyether (62) precipitated (0.2 go). The ethereal fil

trate showed three peaks on g.l.e. (5i DC 710 on acid'washed 

chramosorb W, 205 0' 7, 9, Il min.) at a ratio of 1:8:2 (compound 

A, XVII and B) • 

The crude (0.8 g.) was chramatographed on 75 g. of aluminum oxide 



activity II-III. E1ution with hexane gave sane starting materia1 and 

'pyrany1oxyheptane. E1ution with hexane:benzene (8:2) gave canpound 

A, whose nature 'was not investigated. E1ution wi th benzene gave XVII 

in 4~ yie1d. The i.r. of XVII shows bands at: v= 3400 (broad OH), 

3050 (CH=CH), 1630 (C=C), 1470, 1CJTO, 1040, 735 cm-1
• The n.m.r. of 

the compound is shawn in spectrum no. 13. The mass spectrum is con-

sistent with the structure proposed{p. ,41~ • E1ution with benzene: 
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ether 1:1 gave canpound B which ~ad essentia1ly the same 1.r. spectrum 

as XVII (spectrum'28, 29). Its n.m.r. spectrum differed fran that 

of XVII on1y by the shape of the a11yl1c protons resonance absorption. 

A tentative structure of 2-(7-a-pyrany1oxyhepty1)cyc1opent-3-en-~-ol 

was assumed, but no reactions to prove it were carried on. E1ution 

with ether gave severa1 ketollc canpounds (total yie1d 3~). TPe 

nature of those compound was not investigated. 

~. Ca1cd. fer C17~OOs: C, 72.30; H, 10.71. 

Found: C,.71.91; H, 11.19. M.W. 282 (M.S.). 

Found for compound B: C, 71.89; H, 10.84. 

Qxidation of XVII with Manganese Dioxide 

A1coho1 XVII (100 mg.) was disso1ved in 10 ml. of anhydrous THF 

containing 5 equiva1ents of activated manganese dioxide (78)and the 

mixture ref1uxed for 24 hours. The reaction mixture was coo1ed down, 

the oxide filtered and the tetrahydroturan evaporated. T.l.c. and i.r. 

spectra of the residue did not show the formation of a cyc1opentenone 

derivative. 
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Di-tetrBbydropYrany1 Ether of 2-(7-hydraxyhepty1)cyc1opent-3-eno1 (XVIla) 

A1coho1 XVII was treated with two equivalents of dihydropyran and 

few drops of phoSPlorous œcych10ride at 10-15 0 for three hours. (The 

reaction mixture turned black after a few minutes.) Di1ute KOH was 

added, and the mixture was shaken for a short whi1e, and extracted vith 

ether. The combined ether extracts were washed with co1d water to 

neutrality, dried over sodium sulfate and eVElPorated in vacuo. A 

hexane solution of the crude was fi1tered through a short co1umn of 

aluminum axide activity II-III gave XVIla in 75~ yie1d, as a viscous 

oil. V= 3050, 1625, 1035 and 725 cm-1
• ~= 5.6 ppn. (2H, H-C=C-H) i 

4.5 (2H O-CHO), 3.2 (canp1ex structure 6H> C~-O), 2.27 (3H, CH2-C=C) ~ 

~E!!. Ca1cd. for C22Hse04: C,72.09; H, 10.45· 

Found: C, 71.83; H, 10.20. 

Ethy1 2(Z-Tetrahydropxranylaxybeptl1)-3-tetrahydropYranylaxy-bicycl0 

r;.1.0]-hexane-6-carb9Xl1ate (XVIII) 

Ethy1 diazoa~etate (6 ml.) was slow1y added to XVIla (4 g.) and 

copper powder (0.25 g.) previously heated to 100° with vigorous stirring. 

The mixture was then coo1ed, diluted with hexane, the copper filtered off 

and the fi1trate chramatographed on 100 g. of aluminum oxide.(activity II

III). Elution l{ith hexane gave unreacted starting material. Elution 

with benzene gave in 7~ yield a mixture of two isaners, exo and endo 

XVIII in the ratio 4:1. The two isaners could be separated by t.l.c. 

(benzene:ether 7:3). The major isaner (exo XVIII) had Rf = 0.75. The 

minor (endo XVIII) Rf = 0.69. The i.r. spectra of endo and exo XVIII 



were very s1m1lar. )} = '095, 'OT5, 'Q50 (cyclopropyl), 1125 (COOEt), 

1110, lQ50, lœo cm-l. a. '.91 (2H, quartet), 1.09 'H (triplet), 
," 

4 .45 (2H o-cu .. o), '.52 cr CHa-O). 

~. Calcd. tor C.a. .. Oe: C~ 68.99; H, 9.80. 

FOUD.i: C, 68.10; H, 9.68 [axo) molecular we1ght 452 (mass spectra). 

C, 68.82; H, 9.68 [eo4o]. 

Iscmerizatiœ ot Ezo aDd EDdO(XVIII) 

The mixture ot uo aDd eDdo (XVIII) obtained abave was retluxed 

in 45 ml. ot l~ methanol1c sodium methaxidetor 4 hours. The methanol 

was evaparated, ether was added and the ether extra ct washed twice with 

water, dried over sodium sulfate and evaporated. The product obtained 

consisted mainly ot exo (XVIII) (t.l.c.). 

2-{I-TetrahldrgerragrloxYbeptyl)-3-tetrahydrgeyraBllasr-biclClo[3.l.01-

hezane-6-methaDol (XXX) 

ho XVIII (2.6 S.) in 10 ms. or aDhydrous ether was added to 

265 ms. ot lithium al.um1num iqdr1de in 10 ml. ot ether. The addition 

was in such a rate that a sl1ght retlux was ma1nta1ned. Additionsl 

stirring at roan temperature tor 1 hour to11owed. The exce8S of the 

hydride vas destroyed vith ethyl Acetate aDd water. The ether layer 

was separated, washed with water, dried over sodium sulfate and evapo-

rated, yieldins alcohol XIX in quantitative yield as viscous 011. 

T.l.c. (benzene:ether 55:45) ahœed a major spot at Rr • 0.48 (exo XIX) 

and a very weak spot at Rt • 0.56, wbich corresponda'i to endo XIX (reduction 

of a mixture of endo and exo XVIII g~ve products having the· seme Rf" s). The 



n.m.r. and i.r. spectra of both products were very similar and con

sistent with the structure assigned (spectra, P.90) ~= 4.45 (2H), 

352 (7H), 0.8 (lH multiplet of cyclopropyl proton) ppm. 

Anal. Calcd. for C24E420s: C, 70.20; H, 10.31. 

Found: c,69.99; H, 10.77 (endo). 

C,70.00; H, 10.42 (exo). 
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2-~7-TetrahydropyraBllaxyheptyl}-3-tetrahydropyranyloxy-bicyc10(,.1.0]

hexane-6-carbaxaldehyde (XX) 

To alcOhol XIX dissolved in 12 ml. of acetone was added rapidly 

at -10°, 2.7 ml. of Jones reagent (54) diluted with 5 ml. of acetone. 

The mixture was stirred for another 7 minutes at _12°. Isopropyl alcohol 

and water were added and the reaction product was extracted with ether. The 

ether extracts were washed neutral with 10% sodium carbonate solution and 

water. After drying over sodium sulfate, the ether was evaporated, 

leaving 1.2 g. of aldehyde XX. No crystalline derivatives of XX could 

be obtained. ~= 3100, 3050 (cyclopropyl), 2710, 1700, 1030, 725 cm-l. 

l)= 9·2 (doublet) ppm. (major exo XX), 9.4 (dOUblet) ppm (trace endo XX). 

Upon treatmentpfthe mixture of epimers XX with one equivalent of 

sodium t.amyloxide in boiling t.amyl alcohol for 5 minut~s, the doublet 

at 9.4 ppm. disappeared almost campletely. 

6-(1-Heptenll)-2(I-tetrahYdr0ElEanylaxyheptyl)-,-tetrahydropyranyloxy

[3.1.0]-hexane (XXI) 

To hexyltriphenyl phosphonium bramide (2.5 g.) suspended in 25 ml. 

of anhydrous ether, was added under a nitrogen atmosphere 0.15 ml. of but yI 



lithium (22.22~ solution in hexane). An immediate orange coloration 

indicated the formation of the ylid. A solution of 622 mg. of XX in 
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10 ml. of anhydrous ether was introduced by means of a syringe. Immediate 

precipitation occurred. Most of the solvent was evaporated by blowing a 

stream of dry nitrogen over the solution. Anhydrous tetrahydrofuran 

(40 ml.) was then added and the mixture was heated to reflux for 6 hours. 

After cooling the solvent was removed in vacuo, and the residue extracted 

several times with ether. The ether solution was washed twice with water 

and dried over sodium sulfate. Evaporation of the ether yielded 1.2 g. of 

semi-solidified oil. Chranatography on 30 g. of aluminum oxide (activity 

II-III) and elution with hexane-benzene (3:1) gave 350 mg. of XXI (45~ 

yield) as an oil (pungent odor). The cis and the trans isomers formed 

could not be separated by t.l.c. or g.l.c. The i.r. spectrum of XXI 

showed bands at 3090, 3CJ70, 3030 cm-l., (cyclopropyl), 1.650 (double bond), 

1030 (C-O), 1020 (cyclopropyl) cm-l.. N .m.r. spectra of mixture showed 

absorptions at 5.2 ppm. (canplex for vinylic protons). 

~~. Calcd. for ~oH5204: C, 75.54; H, 11.00. 

Found:? C, 15'~:OO;' H, li.OO. (For mixtur~) • 

§-(1-HËptenyl)-2-(I-hydroxlheEtzl)bicYC1oC,.1.OJ-hexan-3-~1 (XXII) 

To 40 ml. of 0.5~ solution of oxalic acid in methanolw'as added 

840 mg. of XX,I.,. The mixture was heated to reflux for three hours. 

After that period the methanol was removed in vacuum and ether was added. 

The ether extract washed to neutrality with l~ sodium carbonate solution, 

dried and evaporated. T.l.c. (benzene-ether 55:45) separated two major 



• 

products, with Rfls 0.56 and 0.32. (When hydrolysis was done for a 

shorter period ant.additional product at Rf • 0.62 "as observed.) 

This product according to 1ts i.r. and n.m.r. spectra still contained 
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the 3-pyrany1 group. This could be turther hydrolyzed to end products •. 

The products at Rf' CI 0.'2 and Rf = 0.56, had nearly identical n.m.r. spec

tra which were consi·stent with the structure of XXII •. Both major 

compounds had bands in the hr. spectra at 3350 (OH), 30)0 alld 3010 

(cyclopropy1 and double bond) ,. 1650 (CHaCH), 1060 (C-O), 1020 and 725 

cm-1
• The compound with· Rf 1: 0.56 had no b~ at 960 cm-1 and a strong 

band at 730 cm-1 ~ was therefQre ~ssigned the structure of the cis 

XXII. 

The canpound at Rf 1: 0.32 bad a band at 960 cm-1 and a weak band 

at 730 cm-1 
and RS ailsisned the structure of the trans XXII. 

The camnon features in the n.m.r. spectra far both isaners were ~. 

tf = 4.15 (x.Œ)j 3.75 (tri~let ~-O), 1.00 (triplet-terminal methyl) 

ppm. Different patt~rns. were observed for the cis and the trans viny11c 

protons at a camplex centered at 5.2 ppm. 

A product in a very sma11 amount was detected also at Rf = 0.44. 

It showed a strons band at 960 cm-1. and was most likely endo trans XXII. 

~. Calcd. for C2oHse02: C, 77.86; H, 11.76~ 

Found: (Rf: 0.56) C, 77.42; H,. 11.40. 

Found: (Rf 0.32) C" 77.42; H, 11.52. 
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~-(1-Heptenyl)-2-(7-carbgxyheptyl)biclclor3.l.0J-hexan-3-0ne (XII) 

A mixture of :cis and trans XXII (140 mg.) in 14 ml. of acetone 

was cooled to 0° and 1.4 ml. of Jones reagent ( 54) in 14 ml. acetone 

was added rapidly. The mixture was stirred at 0-3 0 for 15 minutes and 

was allowed to warm up to 50 over a period of 5 minutes. A few drops 

of isoprop,yl alcohol was then added to destroy excess chrom1c acid 

and followed by 90 ml. of water. The mixture was extracted wi th ether 

and the ether extract was washed twice with ice water and three t1mes 

with 20 ml. of lrJ1, aqueous sodium carbonate solution. 

The carbonate extract was cooled in an ice bath and carefully 

acid1fied with concentrated hydrochloriè acid. The acidified suspension 

was extracted with ether. The ether extract was washed twice with ice 

water and dried over magnesium sulfate. Evaporation of the ether gave 

120 mg. of keto acid XII (cis and trans). I.r. spectra and Rf values of 

these two compounds were the seme as of those obtained fran the first 

route. (For analytical data see Experimental, chapter II.) Pure cis 

XXII was axidized in a s1milar manner .. giving cis XII .. having the seme 

i.r. spectrum as the mixture except for the absence of the band at 960 

cm-~ (spectra, p. 96). Pure trans XXII was axidized also to XII trans. 

Methylation with diazamethane gave esters Xa and Xb correspondi~~ 

(identical i.r., n.m.r. spectra and sane Rf value in different solvent 

systems). 



§:il-Heptenyl)-2-(1-carboxyheptyl)biclclol3.l.0J-hexan-3-ol (xlvl 

To a solution of 10 mg. of sodium borohydride in 2 ml. of 0.2 N 

aqueous sodium bydrœcide, was added dropwise with stirring a solution 

of 162 mg. of the keto acid XXII (cis and trans) in 2 ml. of water con

taining 40 mg. of NaOH. The solution was stirred at roan tempeature. 

Af'ter that period" the mixture was cooled to 50 cautiously acidified 

with bydrochloric acid and extracted with saturated aqueous solution 

of sodium bicarbonate. The basic extract was acidified in the cold 
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with hydrochloric acid and then extracted with ether. The ether solution 

was dried over magnesium sulfate and evaporated leaving a mixture of 

4 hydroxy acids. 

Treatment of the 4 products with diazanethane (19) gave four 

ester alcOhols which were idêntified according to their Rf's values and 

n.m.r. spectra, to be Xllla-d. 

~. Calcd. for C21.HseOs: c., 15. 90; H" 10.11. (Methyl ester), 

Found: C, 14.65, H, 11.00; C, 14.80n H, 10.80; C-, 74 .95 ~',t' H, 10·50, 

C, 15.15,> H, 10.80. 

O!idative SolvolYsis of Acid XII to POE]. 

To a weIl stirred 0.5 N solution of sodium formate in abso1ute 

formic acid (4 ml.) under nitrogen atmosphere, was added 25 mg. of 

keto acid XII (cis and trans mixture). The solution was coo1ed (bath 

temperature 50) until turbidity appeared and 1.1 equiva1ent of hydrogen 

peroxide 9CJ1, was added. The mixture was a1lowed to warm up to roan 

temperature and stirred for :3 hours. The formic acid was removed in 



high vacuum (freeze dry evaporation). To the waxy residue was added 

3 ml. of 1(J/, aqueOUS methanolic solution of sodium carbonate (water: 

methanol 4:1) and the resulted clear solution stirred at roam tempera-
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ture for ';;2,' hours" under nitrogen atmosphere. Water was then added (15 ml.) 

and the solution cooled in an ice bath and acidified with l N hydrochloric 

acid to pH2 and extracted with ether. The ether extra ct washed to neutrality 

with cold water and dried over magnesium sulfate and evaporated, leaving 20 mg. 

of crude material. 

The crude was chranatogralhed on silicic acid column (7 g.). Elution 

with benzene:ethyl acetate 8:2 gave a mixture of two campoonds,: one' of ~em 

had the same Rf value as PGA1. U.V. examination of the fraction showed an ab

sorption of ). max 217 ~" treatment with 0.5 NaOH for l hour ~onverted on1,y 

the material corresponding to ffiA1 to roB1 wi th the same Rf as the natural 

one and having a U.V. absorption maximum at 278 ~" the other material was 

not changed by the treatment of alkali. Estimation of the yield of the PGA1 

from its u.v. absorptionwas about 5~. (On other runs no ffiA1 was found and 

this fraction consisted mainly on the other product which according to its 

1.r. and n.m.r. spectrumwas found tobe canpound ~III:, (Chart 9) 
. 7 

./.' ... ·.·N.m.r. complex centered at 6 = 2.65 ppn. (CH2-~)i 1.38 ppn (CH2 envelop~); 
0.9 ppm (cRs terminal);O,5 ppm cycloprop,yl; m.s.(methylester), 350 m~, 

332 (m-28)" 319 (m-31) , 208 = 



-.;, ... 
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Elution with benzene:ethyl acetate 6:4 mixture of two compounds which 

according to the i.r. and n.m.r. spectra found to be non-rearranged 

pl'oducts (chart 9, p. 33). l.R.)}= 3460 (OH)" 1745, 1730 (C=O), 1200" 

1215" 1190" 1175, 1005, 735 cm.-l. N,.m.r. complex centered at 54.1 ppn 

(CH-O), 0.76 (t><) ppm" 0.9 ppm (terminal methyl). 

Mass spectra - (methyl ester) 368 (M+), 350 (M-lB), 337 (M-31), 319 

H-f' 
L:r::.~CH2)e-COOCH:3 

(350-31), 267 . • 

Fraction eluted with ethyl acetate benzene 6:4 gave two products 

with Rf value of 0.54 and 0.47 (silica gel G impregnated with 3~ silver 

nitrate detection with l~ phosphomolyhdic acid in ethanol A-II system). 

The spot at Rf 0.54 corresponded to natural IGEl.' T .l.c. on silica gel 

impregnated with 3~ boric acid gave three materials at Rf' 0.75, 0.77 and 

0.67 (elution with A-II system diluted with 1.5 volumes of ether). The 

compound at Rf 0.75 was corresponding to POEl.' Quantitative t.l.c. on 

silica gel 3~ boric acid (detection of bands by opaque zones created by 

spraying with water, extraction of the material fram the plate,by several 

washings wi th methanol) was not able to separate PGEl. fram the compound 

wi th Rf = 0.77. (Yield of combined products 12~. ) 

The n.m.r. spectra of the mixture of the two campa~nds was identical 

to that of POEl.' except for the shape of the allylic protons. (N.m.r. 

spectra was taken on a small semple by using c.a.t. teChnique.) 

Mass spectrum of the mixtures methyl esters of POEl. and the compound with 



Rf = 0.77 was identical to that of FGEl methylester (spectrum 16) 

except for the intensities of sane bands. 

-71-

Treatment of 2 mg. of methylesters of the synthetic PGEl and 

canpound Rf = 0.77 with 20 mg. manganese dioxide in 5 ml. of THF overnight, 

at roan temperature, gave l spot (same t.l.c. conditions as above) which 

had the same Rf as of the oxidation product of natural ffiEl in the same 

conditions. 

The above mentioned mixture of synthetic PGEl (2 mg.) was dissolved 

in l ml. of 0.5 N sodium hydroxide, and the mixture was stirred at room 

temperature far l hour. The solution was cooled and acidified with 6 N HCl 

in the cold, and extracted with 5 ml. ether. The ether extra ct was dried 

over magnesium sulfate and evaporated. T.l.c. of the crude revealed the 

existance of onlyone spot while had the same Rf as ffiBl' The crude showed 

a very pronounced u.v. absorption at 278 m~ (s = 24,000). 

Oxidative Farmolysis of XIV 

Oxidative formolysis on acid XIV was carried in the same manner as 

described befare (Experimental, p. 57) t.l.c. indicated the formation of 

PGFla, but no separations were carried in this reaction. 

N.m.r. spectra were taken in deuterochloroform unless specified 

otherwise with tetramethylsilane = O. ppm. Infrared were taken as films 

between KBr ar NaCl plates. Silica gel G used for t.l.c. was first boilèd 

in methanol, filtered and reactivated at 110°. 

Mass spectra were taken by Morgan and Schaeffer Corporation, Montreal. 

Elemental analysis was made by Beller, Mikroanalytisches LaboratOrium, 

Gottingen, Germany. 
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CONTRIBUTION TO KNOWLEDGE 

The total synthesis of prostaglandin F~a and prostaglandin E~ 

has been accamplished using a novel opening of a bicycloL3.1.0J

hexane system. 

Oxidative formolysis (using hydrogen peroxide and :f·ormiè 

acid) of 6(cis and trans l-heptenyl)-2-one bicyclo[3.1.0]-hexane-2-

heptanoic acid gave a mixture frœn which material corresponding ... · 

to ~~ in a mixture with PGE~ ep:imeric at the 15 position. The 

mixture ~as identified by its relative Rf value to natural PGE~, 

its n.m.r. and mass spectra. 

Oxidative formolysis (using hydrogen peroxide and formic acid) 

of 6(cis and trans l-heptenyl)-3a-ol bicYC10[}.1.OJhexane-2-heptanoic 

acid gave 'a mixture fram which material corresponding to PGE~a was 

isolated. The campound was identified according to its relative Rf 

value to natural PGF~a, its i.r. and mass spectra,and similar physio

logical activities. 
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