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I. Introduction 

The total synthesis of diterpenes, particularly those possessing 

bridged structures, has been an active area of research in this lab¬ 

oratory for the past four years. A stereospecific synthesis of 

phyllocladene (1) was reported recently,'*' and work on kaurene and 

mirene, which are believed to be stereoisomers of phyllocladene, is 

currently in progress. Related to these substances are the alkaloids 

veatchine (2), garryine (3), cuauchichicina (4), garryfoline (5) and 

ic 
atisine (6) , whose structures are indicated in the accompanying 

formulas.^ A biogenetic relationship between alkaloids of this type 

and those of the polysubstituted aconite group (cf. aconitine (7) ) 

The structural formulas given in this thesis are not intended to 
represent the absolute configurations. See Discussions Page 16. 
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has also been suggested by Valenta and Wiesner, who proposed the 

generalized rearrangement in transformation (A) as an intermediate 

step linking the two groups of alkaloids. 

The investigation reported in this dissertation was undertaken 

with the object of establishing a synthetic route to alkaloids pos¬ 

sessing the bridged A/E system (8), and atisine (6) was selected as a 

R“ 

(8) 

compound of interest in connection with future extension of synthetic 

operations into the C/D ring system, 

Atisine has been isolated from the roots of Aconitum hetero- 

5 6 7 
phyllum by Wright, Jowett, and by Lawson and Topps. The substance 
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possesses the molecular formula 022^33^2 and is an exceedingly strong 

base (pK 12,2) . On treatment with alkali it is easily isomerized into 

8 9 
isoatisine (9) (pK 10.0). 5 The presence in atisine of one C-methyl 

(9) 

group was established by Kuhn-Roth oxidation., while the incorporation 

of a methylene group was indicated by characteristic infrared absorp- 

-1 -1 10 
tion near 1660 cm. and 895 cm. in numerous derivatives. The 

nitrogen atom of atisine is tertiary, and evidence for the presence of 

a single hydroxyl group is provided by the fact that atisine shows 

only,one active hydrogen in the Zerewitinoff determination. That this 

hydroxyl group is allylic and secondary was shown by oxidation with 

chromium trioxide-pyridine to an oC,/3-unsaturated ketone (10), 

^22H31^25 w^t^1 appropriate ultraviolet absorption ( Amax. 228 m/A, 

€ 9100) , which shows no hydroxyl band in the infrared.'*''*" 

(10) 
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The second oxygen atom in atisine shows none of the properties 

of a carbonyl group and is therefore presumably part of an ether 

linkage, the correctness of this view and the further fact that an 

oxazolidine ring is involved., was demonstrated as follows. Although 

atisine itself shows no absorption in the infrared at 1680 cm. \ a 

strong band appears at this position in the hydrochloride which is 

attributed to the —structure of fprmula (11) . On heating with 

acetic anhydride, atisine hydrochloride (11) affords a salt (12) with 

an infrared maximum at 1679 cm. ^ This salt possesses two acetoxyl 

groups.^ xhe salt (12) after brief treatment with cold potassium 

hydroxide and heating in chloroform solution for 45 minutes is smooth¬ 

ly converted into a base, ^22^31^023 m.p. 151-1520, and a volatile 

product which can be easily hydrolyzed to acetaldehyde. This int¬ 

eresting transformation is interpreted in terms of the intermediate 

formation of the carbinolamine (13) followed by a Hoffmann-type elimi¬ 

nation to (14) and the enol-acetate of acetaldehyde. The basic products 
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melting at 152% shows all of the spectral properties required by 

structure (14) t 1732, 1240 cm. ^ (OAc) 9 1653 cm0 ^ (C=N) <> 920 cm. 

(C^Ct^) s 
an<* on hydrolysis it affords the corresponding hydroxy 

derivative (15) . The latter substance is readily quaternized by 

reaction with ethylene chlorohydrin in dimethylformamide; and under 

these circumstances a products identical in all respects with atisine 
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hydrochloride (11) 9 is obtained * The arguments presented thus far in¬ 

dicate that atisine is hexacyclic0 

Investigation of the nuclear structure was undertaken by Lawson 

7 8 
and Topps' and was carried forward by Jacobs and Craig. Selenium 

dehydrogenation of atisine gives a mixture of neutral and basic pro¬ 

ducts. From the neutral fraction both 1-methylphenanthrene and 

13 
1-methyl-6-ethylphenanthrene (16) have been isolated and identified. 

Of the basic dehydrogenation products the most significant proved to 

be a substance which was ultimately identified as 1-methyl-6- 

ethyl-3-azaphenanthrene (17) by Locke and Pelletier ■ who synthesized 

the compound by a straight-forward procedure in which 7-ethyl-l-tetra- 

lone served as starting material. This product possesses all but six 

of the carbon atoms of atisine and in conjunction with the hydrocarbon 

(16) serves to locate the nitrogen atom in the skeletal framework of 

the molecule. The points of attachment of the D and F rings remain to 

be discussed. 
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CHART I 

(18) (19) 

(20) 

(22) (23) 



Evidence for the ring D arrangement has been provided by Dvornik 

15 
and Edwards, The azomethine alcohol (15) was hydrated to the diol 

(18) which on successive catalytic hydrogenation* acetylation* and 

partial hydrolysis furnished the N-acetyl derivative (19), Oxidation 

of the latter product gave the keto acid (20)* and this compound was 

converted in turn by Raeyer-Villager oxidation* hydrolysis* and sodium 

dichromate treatment into the keto acid (21) , Bibromination of (21) 

and subsequent dehydrobromination with collidine (with concurrent de¬ 

carboxylation) gave a crystalline phenol (22), However* there was 

obtained in addition a neutral substance* ^20^27^4^ melting at 275c, 

-1 -1 
This product showed amide (1639 cm, )* ketone (1734 cm, )* and 

lactone (1796 cm. ^) absorption in the infrared and may possess 

structure (23). The -lactone is presumably formed by displacement 

of the bromine ec to the keto group* leading to the conclusion that 

the keto group and the carboxyl group are related in a Is4 sense. The 

alternate Is 2 possibility is excluded by the fact that keto acid (21) 

is clearly not afB -keto acid. Also* since carbon atom 6 is known 

from the dehydrogenation experiments to be one point of attachment of 

ring D, the other point of attachment must be at 0,14 (cf. formula 21) . 

It is further clear that since G.14 cannot accommodate a keto group* 

this function must be located at C.6 in structure (21). This evidence 

indicates that the methylene and hydroxyl groups in the bicyclo[2*2*2] 

octane system are in arrangement (24) and not in arrangement (25). 



OH 

The chemical properties of isoatisine, obtained from atisine by 

treatment with base, point clearly to the fact that, like atisine, it 

is an oxazolidine derivative. Both compounds possess lone hydroxyl 

functi^hs and both are converted by sodium borohydride to the same di¬ 

hydro product (26),^ which possesses two hydroxyl groups. Moreover, 

(26) 

/CH 2 

OAc 
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the hydrochlorides of atisine and of isoatisine furnish the same 

’’atisine diacetate hydrochloride” (12) on heating with acetic anhy- 

12 17 
dride. 3 It should be noteds however5 that atisine and isoatisine 

cannot be related as simple stereoisomers„ On mild treatment with 

acetic anhydride, isoatisine hydrochloride furnishes ’’isoatisine di¬ 

acetate hydrochloride” which is distinctly different from (12), al¬ 

though both diacetates yield the same azomethine (14) on further 

degradation.^^ The facts are consistent with positional isomerism of 

the type indicated in structures (27) and (29) and can be interpreted 

in terms of equilibria between the oxazolidine^ carbinolamine<> and 

immonium forms. In basic solution the oxazolidine and carbinolamine 

structures predominate; whereas,, under acidic conditions the immonium 

salt forms are more important. Examination of molecular models re¬ 

veals that steric hindrance in the environment of carbon atom 179 pro* 

duced by interaction with the C/D system., is more severe in the case 

of structure (27) than in the case of structure (29)5 which arrange- 

18 
ments are thus assigned to atisine and to isoatisine., respectively. 

However., on passage to the salts., the form possessing a trigonal car¬ 

bon at C.17 (28) is preferred over that in which C.17 is tetrahedral 

(30) and the equilibrium shifts in the direction indicated. 

The stereochemistry of the atisine skeleton has recently been 

19 
considered in detail by Solo and Pelletier. The argument rests on 

20 9 21 
correlation of the nuclear structures of atisine and ajaconine 

and on deductions derived therefrom. Ajaconine possesses structure 

(31) . It is convertible by a series of reactions paralleling those 

of the atisine degradation discussed earlier into an azomethine di- 
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acetate (32). Oxidative cleavage of the methylene group of (32) af¬ 

fords a ketonic derivative which undergoes Wolff-Kishner reduction to 

the diol (33). It is of interest to note that the azomethine system 

survives under these conditions0 Partial oxidation with chromium tri¬ 

oxide followed by Wolff-Kishner reduction yields (34)3 which is con¬ 

verted by dichromate oxidation and a third Wolff-Kishner step into the 

azomethine (35) . The latter product can also be obtained from atisine 

by a similar degradative sequence„ 

The position of the hydroxyl group in (34) was shown unambig¬ 

uously by transformation of this substance into an OC^/3-unsaturated 

i ETOH 
ketone (36) 5 yAmax 250 min which the chromophore can occupy only 

22 the position indicated. 

Conversion of (34) into the corresponding methiodide followed by 

treatment with hot methanolic alkali furnishes an isomeric«, hydroxyl - 

free base with a dramatic negative shift of optical rotation. This 

substance must possess structure (37), which requires that carbon 

atom 17 adopt an axial orientation with respect to ring B. Under 

these circumstances the nitrogen bridge (ring E) in ajaconine and 

(37) 



14 - 

also in atisine must be trans to the C.ll hydrogen, i0e09 A/B trans 

and E/B cis, since trans fusion of the E/B system would necessitate a 

diaxial disposition of carbon atoms 1 and 17 which is excluded on geo 

metric grounds0 The atisine skeleton may therefore be written as 

either (38) or (39), depending upon the orientation at Col30^ 

Evidence on this point is available from observations made in 

connection with the ajaconine investigation0 The hydroxyl group, de¬ 

rived from the C09-oxygen of ajaconine, which appears in the azo- 

methine (33) has the spectral attributes of an equatorial alcohol 

whereas the corresponding C»9 epimer gives evidence of an axial or¬ 

ientation o^ it may also be noted that the oxygen bridging reaction 

leading to (37) is accompanied by a large negative shift of rotation0 

Assuming structure (38) as the basic skeleton for (33), ring closure 

to the system found in (37) is possible only with a C09 equatorial 

hydroxyl and involves a conformational change of ring B from nchair,! 

to ?,boat” (cf o 40) o A plausible explanation is thereby provided both 

for the infrared spectral data and for the observed rotational shift„ 

Since a 9,17-oxygen bridge can be formed in (39) only from a 9-axial 

hydroxyl group, the ajaconine (open form) and atisine structures are 

best represented by (38) 0 

With regard to the C/D ring system, Pelletier has reported that 

neither atisine nor its hydroxy epimer possesses any special degree 

25 
of steric hindrance. The inference may therefore be drawn that the 

hydroxyl group of atisine is located at G,8 and not at G019 (see 

formula (38)), since one member of a pair of G„19 epimers should be 

strongly hindered by carbon atom 170 Moreover, since atisine is more 
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CHART IV 

(39) 

(40) 
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strongly adsorbed on alumina than is its C.8 epimer, it is concluded 

that the hydroxyl group of atisine adopts the extended, equatorial 

arrangement. The final atisine structure derived from these consider¬ 

ations is indicated in formula (41) and the equivalent planar pro¬ 

jection in formula (6) . 

COOCH3 

In view of the recent stereochemical correlation of atisine and 

26 
veatchine (2), accomplished by 12 step conversions of the two alka¬ 

loids to a common degradation product (42), the configurations of the 

compounds of the garryine-veatchine group may also be regarded as es¬ 

tablished. 

As far as the problem of synthesis is concerned, the absolute 

configuration of atisine is unimportant. This question has been dealt 

with recently by Vorbrtlggen and Djerassi.^ The arguments utilize 

optical rotatory dispersion evidence and involve correlations and 

assumptions that are beyond the scope of the present discussion. The 

conclusions that are drawn, if valid, indicate that the absolute con- 
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figuration of phyllocladene is that shown in formula (1), whereas 

those for (2), (3), (4), (5) and (6) are probably actually antipodal. 



II. Discussion 

Work on the total synthesis of atisine, which forms the basis 

of this dissertation, has been confined to an investigation of 

methods suitable for elaboration of the A/B/C/E system which contains 

the nitrogen ring. In all cases ring C has been incorporated as a 

methoxy benzene ring, since methods for the attachment of the bridged 

D ring, proceeding from such a structural element, could be readily 

visualized. The successful synthesis of phyllocladene, for example, 

was carried forward from an intermediate (43) of this type,'*’ 

Several different approaches to the problem were considered in 

the initial stages. Among the most obvious of these was the prepar¬ 

ation of a substance possessing functionalized carbon atoms at Cd and 

C.12 (cf. 44) which could subsequently be employed for nitrogen bridg¬ 

ing. This route, however, was regarded as somewhat unimaginative, and 

it has the added disadvantage that establishment of the required cis 

stereochemistry of the carbon atoms in question might prove cumber- 
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CHo 0-0H 

ArS02Cl 

Pyridine 
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some. Various methods which might conceivably permit ring closure 

to a methyl group, as in the Corey-Jeger application of the Loeffler- 

29 30 Freytag reaction (A) , ’ thereby allowing the use of an intermed¬ 

iate of type (45) were also considered, as were procedures based on 

31 32 33 
transformation B, C, and Do All of these schemes were ultimately 

rejected as either impractical or untimely. In particular, it was 

felt that uncertainties of product structure were sufficiently great 

in the paths suggested above to jeopardize the success of the entire 

program. The decision was therefore made to ^follow at first a struc¬ 

turally unambiguous route and to defer investigation of more exotic 

approaches until key intermediates of established constitution had 

been prepared, 

A route that had already been investigated in a preliminary way 

by Dr, H.J. Kabbe of this laboratory is indicated in Chart VII (pg, 23), 

The plan behind this approach involved the idea that the stereo¬ 

chemical problem could be considerably simplified by attachment of all 

of the bridge atoms to C,12 followed by cyclization directly to C,l, 

In the present case the bridging atoms were all carbon, but it was 

anticipated that nitrogen incorporation could be achieved by rear¬ 

rangement of a keto derivative or by ring opening and subsequent 

closure, 

An alternative plan, which was deferred in the early work for a 

variety of reasons, rested on the hope that a transformation of the 

type (46)-—>(47) could be accomplished. The wisdom of this decision 

has recently been made evident by the fact that the reaction has been 

34 
examined for the specific case indicated by Stork and J, Tsuji, 

* 
who 
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ROOCNHCH2 

(46) 

CHART VI 

H 

H 

(49) 
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established that the product was not (47), but were unable to distin¬ 

guish between the alternate possibilities (48) and (49)* 

which was alkylated with allyl bromide by the enamine procedure* 

The product (51) was a distillable oil which was characterized as the 

crystalline semicarbazone. Treatment of compound (51) with diethyl- 

aminopentanone methiodide and sodium ethoxide according to the general 

35 Cornforth-Robinson method gave the crystalline tricyclic ketone (52) * 

When this substance was allowed to react with perbenzoic acid under 

carefully controlled conditions, the epoxide (53) could be obtained* 

However, the yield was only 30%, and chromatography of the total crude 

reaction product was a necessary step in the isolation procedure* 

Since the epoxide function is well-known to undergo carbanion 

attack, and since the conjugated ketonic system present in (53) suffers 

37 38 
irreversible alkylation at C.l, 9 the substance was next treated 

with potassium t:-butoxide in the expectation that the tetracyclic keto 

alcohol (57) would be formed. On chromatography of the reaction 

35 The Kabbe synthesis commenced with 5-methoxy-2-tetralone (50), 

36 

(57) 
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CHART VII 

OCH3 

OCH3 

(55) (56) 
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mixture about 20% of a crystalline substance could be isolated, which 

gave data on elementary analysis corresponding to those required by 

(57) . The substance possessed an isolated double bond, and afforded 

a crystalline furfurylidene derivative on treatment with furfuralde- 

hyde and base. It was subsequently shown in an unambiguous manner by 

the present writer that this compound possesses the 5-ring structure 

of formula (54) and not that indicated in formula (57). It is assumed 

that the proximity of the secondary carbon of the epoxide to C.l is 

responsible for what might otherwise be regarded as an abnormal mode 

39 of base catalyzed oxide opening* 

Catalytic hydrogenation of (54) yielded the dihydro derivative 

(55) , for which the "principle of catalyst hindrance"^ predicts with 

considerable certainty the A/B trans - E/B cis stereochemistry that 

is assigned. Conversion of (55) into the desoxo product (56) was 

accomplished by Wolff-Kishner reduction. 

No definitive evidence for the orientation of the hydroxymethyl 

group in this or in the related products is available. In a single 

experiment5 acetylation of (55) gave a mixture of two acetates which 

could be resolved by chromatography. Infrared examination of these 

substances suggested that one of them was the expected keto acetate, 

/\max. 5*73, 5.83ju whereas the other showed intense acetate absorp¬ 

tion at 5.75/A but no band ascribable to the-ketonic function. The 

matter was not pursued at the time owing to the pressure of other 

work, and a reinvestigation of this reaction has not as yet been 

undertaken. A reasonable explanation for the infrared results is set 

forth in formula (58), which leads to the stereochemistry that is 
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tentatively proposed. 

OCH3 

The synthesis was not carried beyond this point by Rabbe, Since 

in some respects the procedure appeared promising* the first phase of 

the research reported in this thesis dealt with a reinvestigation of 

the steps leading up to compound (56) , However, despite intensive 

effort no substantial improvement in yield could be obtained, nor 

was any way found whereby the objectionable chromatographic purific¬ 

ation stages could be avoided. Since it seemed unlikely that suf¬ 

ficient material could be carried through the low-yield steps (52)—> 

(54) to permit the final synthesis of atisine, the project was re¬ 

luctantly abandoned. Some further structural information was, never¬ 

theless^ obtained, 

41 
Oxidation of (56) with the Sarett reagent furnished an aldehyde 

(59) , which gave a positive Fehling test, and exhibited appropriate 

bands in the infrared at 3,70 and 5,85/JL . The presence of a primary 

hydroxyl group was thus established with certainty. On treatment with 

42 
acetic anhydride and sodium acetate, (59) yielded an amorphous enol- 
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acetate which was ozonized directly to the 5-ring ketone (60) 9 

max 5<,75jU o The latter product was subsequently obtained by an 

unambiguous synthesis to be described in a later section*, and,, apart 

from the problem of configuration of the hydroxymethyl group*, the 

structures of the Kabbe intermediates may be regarded as settled0 

In searching for a new synthetic approach several exploratory 

experiments were carried out in an attempt to exploit the possibility 

of building a B/c/E system in which the A ring could be incorporated 

by a bridging reactiono A general outline of the proposed plan is 

given in Chart VIII. Starting with a tricyclic compound such as (61) 3 

establishment of the required B/E cis stereochemistry should be pos¬ 

sible by any one of several reductive processes*, since cis hydrindan- 

ones are thermodynamically more stable than the corresponding trans- 

43 
fused products. Blocking of the activated methylene group in the 

dihydro derivative (62) «, for example*, by reaction with furfuraldehyde*, 

should yield (63) in which the vinyl double bond could be hydrated in 



CHART VIII 

.Proposed A B/G/E/ Ro^te 

(65) (66) 
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the anti-Markownikow sense by the Brown hydroboration-oxidation pro- 

44 
cedure, Conversion to the tosylate or halide, followed by treatment 

with potassium _t-butoxide or sodium hydride might then yield product 

(65) in which the blocking group originally introduced for the purpose 

of directing the ring closure coultjl be utilized a second time to fac¬ 

ilitate cleavage of the carbocyclic E ring to diacid (66). 

Accordingly the preparation of (61) was attempted by J:-butoxide- 

catalyzed condensation of the allyl tetralone (51) w^th l-chloro-2- 

butanone0 The product obtained from this reaction wfis not the ex¬ 

pected conjugated ketone, but possessed both ketonic and hydroxylic 

45 
functions, and is regarded as the ketol (67) . The hydroxyl grpup 

disappeared on reaction with thionyl chloride in pyridine, but no 

trace of conjugated carbonyl absorption appeared in the infrared 

spectrum as a result of this treatment» Under vigorous conditions 

(refluxing for 12 hours) potassium t^-butoxide in t>butanol converted 

(67) in poor yield into a compound believed to be the conjugated ketone 

1 GSo | ETOfl 
(61) o The spectral properties, /i 5,80 U 5 /I 260 mu f 9,000 max o / max o * ) 

were somewhat anomalous, and the possibility that double bond migration 
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under the influence of strong base to a position conjugated with the aro- 

46 
mafcLc ring was considered. However9 hydrogenation over palladium- 

charcoal proceeded with the uptake of four moles of hydrogen to give 

a desoxo compound,, probably (68) 9 by what is clearly a hydro ger\olys is 

process. Since allylic alcohols are particularly susceptible to 

hydrogenolytic cleavage (47)9 there appears to be no reasonable alter¬ 

native to the view that the product in question (61) is a conjugated 

ketone. Substitution of palladium-barium sulfate for the charcoal 

supported catalyst resulted in the smooth uptake of one equivalent of 

hydrogen to give a compound formulated as (69), 

Attempts to reduce (61) with sodium and alcohol gave oily9 

hydroxyl-containing material showing no carbonyl absorption in the 

infrared. Oxidation of this product with chromium trioxide pyridine 

regenerated the starting ketone (61)9 and it was therefore concluded 

that the conjugated double bond was unaffected by the reduction con¬ 

ditions, The use of alkali metals in liquid ammonia was not explored,, 

although subsequent experience suggests that such a procedure might 

prove effective. 

Attention was next directed to a scheme for elaborating a 5-mem- 

bered E ring through the Dieckmann reaction, 5-Methoxy-2-tetralone 

47 
was alkylated via the pyrrolidine enamine with bromoacetic ester. 

The product (70) after purification by distillation<> crystallized on 

standing. This material was then treated with cc-bromopropionic ester 

under the conditions of the Reformatsky reaction9 and afforded a 

crystalline lactonic ester (71) • Attempts to effect y3 -elimination of 
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( 70) (71) 

the lactone grouping in preparation for Dieckmann cyclization gave 

only intractible? air-sensitive oils0 

Condensation of (70) with diethylaminopentanone methiodide led 

47 
to the conjugated keto ester (72), which could be reduced with 

0CH3 

palladium-charcoal or with lithium in liquid ammonia to the dihydro 

derivative (73) • It was hoped that the latter compound could be con¬ 

verted via an arylidene derivative and oxidation into a triester (74)9 
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which would undergo Dieckmann cyclization to the cis-fused keto ester 

(75) 3 of obvious interest in the present connection0 

Condensation of (73) with benzaldehyde and sodium methoxide pro¬ 

ceeded smoothly and gave a new products mapfl 21705-219 05°9 in good 

yield« However9 the structure of this compound has not yet been eluci-r 

datedo The analytical results and spectral data are best accommodated 

by structure (76) 9 but some incon sistencies still remain to be resolved0 

(76) 
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- At this point in the investigation developments in another line 

of attack appeared so promising that all efforts were concentrated in 

this latter area. An outline .of the process is given in .Chart XX. 

The tricyclic* unsaturated ketone (52) underwent smooth reduction with 

48 
lithium and ammoniac, and after quenching with ammonium chloride 

furnished the corresponding dihydro derivative in 76% yield. The 

3C~methylene group was blocked by condensation with furfuraldehyde*, 

and the resulting furfurylidene ketone (78) was treated with osmium 

tetroxide. The glycol (79) was obtained in this way as a single 

stereoisomer. Cleavage with lead tetraacetate yielded an amorphous 

aldehyde (80)p which was employed directly in the next step without 

further purification. 

The key stage of the synthesis was now at hand. In view of in¬ 

dications in the literature that internal aldol cyclizations afford 

bridged aldols with great facility3 “ it was felt that such a process 

offered an opportunity of which little, or no advantage has been taken 

in previous synthetic work. The aldehyde (80) was accordingly treated 

at room temperature with aqueous methanqlic potassium hydroxide. The 

reaction product was isolated in the ordinary way* and the resulting 

t 

oily material was covered with ether. Crystallization occurred spon¬ 

taneously* and a compound (81a) was obtained which showed infrared ab¬ 

sorption corresponding to the presence of hydroxyl and conjugated 

carbonyl functions. The characteristic aldehyde bands at 3.7 and 

5.85JJL * were completely absent. The substance yielded an acetyl 

derivative (81b) * and this substance was reduced with sodium boro- 
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CHART IX 

(80) (81a) R--H 
(81.b) R=Ac 



- 34 - 

CHART IX 

(continued) 

(86) (60) 
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hydride to hydroxy acetate (82). Further acetylation afforded di¬ 

acetate (83) . 

It is, of course, possible that lithium aluminum hydride re¬ 

duction of (81a) and subsequent acetylation would yield, the same 

product without the extra acetylation step. It should be noted, how¬ 

ever, that in this procedure reversal of the aldol cyelization by 

hydride attack on the hydroxyl group and ultimate formation of di¬ 

acetate (87) cannot be excluded. In any event the route described 

proved satisfactory and direct reduction of hydroxy ketone (81a) has 

not been investigated. 

With the material now stabilized in the cyclic form, the next 

problem was that of removal of the blocking group and elimination of 

the ring A acetoxyl function. The solution that was adopted involved 

ozonization of the furfurylidene diacetate. (83) to keto diacetate (84) , 

and reductive elimination of the acetoxyl group in the oc-ketol acetate 

system thus obtained. Such eliminations are well known and can be 

accomplished by at least three general methods. 

(87) 
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From the historical point of view Wolff-Kishner reduction is 

49 
perhaps the most familiar of the procedures. HoweverP this method 

suffers from the disadvantage that mixtures of products are frequently 

encountered. Thus Winterseiner, Moore and Reinhardt^ observed that 

Wolff-Kishner reduction of the Marker-Lawson acid (part structure 88) 

gave rise to a mixture from which the olefin (89) and three stereo- 

isomeric glycols of generalized structure (90) could be isolated. It 

(88) (89) (90) 

has also been reported that ketols possessing axial hydroxyl groups 

are smoothly converted to olefin, whereas the equatorial epimers suf¬ 

fer ketone removal with retention of the hydroxyl function in addition 

to the olefin forming reaction.^ The present case is further compli¬ 

cated by the fact that hydrolysis and rearrangement of the ketol prior 

to reduction could yield material capable of reverse aldol cyclization 

and final reduction to a compound of type (91). A small sample of (84) 

was nevertheless subjected to Wolff-Kishner conditions. In accordance 

with expectations no well defined product could be isolated. 
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CH3—CH 2 

CH3 

(91) 

An alternative procedure, which was apparently first employed as a 

52 
deliberate synthetic step by Woodward, is illustrated by the change 

53 
(92) >-(93). The method has been widely applied in recent years, 

Zn 

■> 

H 
I 

c — 

(92) (93) 

but all attempts to effect reductive elimination in (84) employing zinc 

dust or activated zinc led only to the recovery of starting material* 

It had finally been shown that in certain cases where zinc re¬ 

duction is ineffective, or proceeds in poor yield, reduction by calcium 

54 
in liquid ammonia is the method of choice. The latter procedure was, 

therefore, applied in the case of (84). The optimum conditions have 

not yet been established and various products, (85), (94) and (95) 

have been obtained in different runs. However, conversion of (94) and 

* 
Isolated as the corresponding diacetate 
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(95) into ketoacetate (85) is readily accomplished, and elimination of 

the unwanted ring A oxygen function appears to proceed in reasonably 

good yield. The carbonyl group in (85) was finally removed by Wolff- 

Kishner reduction, and oxidation of the resulting alcohol (86) gave a 

tetracyclic, 5-ring ketone (60) identical with the terminal product 

obtained by extension of the Kabbe synthesis. Although the new pro¬ 

cedure involves more steps than does the Kabbe process, the overall 

yield is considerably superior and the disadvantages of large scale 

chromatographic separations are avoided. The major objective of the 

present investigation, namely a feasible, stereochemically unambiguous 

synthesis of a tetracyclic intermediate containing the A, B,C and E 

ring system and suitable for incorporation of the nitrogen atom of 

atisine, has therefore been accomplished. 

Several approaches to the introduction of nitrogen have been 

considered but time has not permitted a study of this aspect of the 

problem. 



Ill. Experimental 

Preparation of 5-Methoxy-2-tetralone. 136~Dihydroxynapthalene 

(200 g.) was dimethylated with dimethyl sulfate and reduced with sodium 

35 
and alcohol according to the Robinson and Cornforth procedure., Dis¬ 

tillation in a spinning band column gave 141 g. (63%) of 5-methoxy-2- 

tetralone3 b.p. 84-86°/.05 mm. 

Preparation of l-Allyl-5-methoxy-2-tetralone. A solution of 

130 g. of 5-methoxy-2-tetralone in 700 ml. of benzene was treated with 

200 ml. of freshly distilled pyrrolidine., and the mixture was refluxed 

3 6 
for 1.5 hrs. under nitrogen. After this time the calculated amount 

i 

of water (12.4 ml.) had been collected in a water separator. The 

solvent was then removed under vacuum., care being taken not to heat 

the solution above 50°. The dark brown residue was taken up in 

700 ml. of dry methanol. Allyl bromide (75 ml.) was added3 and the 

solution was refluxed for 30 minutes. An additional 150 ml. of allyl 

bromide was then addedp and heating was continued for 1 hour. The 

excess allyl bromide was removed by distillation. Glacial acetic acid 

(150 ml.) and sodium acetate (150 g.) in 300 ml. of water were added. 

After refluxing for 45 minutes 3 most of the solvent was removed under 

vacuum. The residue was taken up in ether3 washed with dilute sodium 

hydroxide3 dilute hydrochloric acid and water and dried over anhydrous 

magnesium sulfate. The solvent was removedp and the remaining oil was 

distilled in a spinning band column giving 100 g. (59%) of the desired 

product which boiled at 99-101 /.05 mm. P Ama^ 5.82., 10.95JU. 

The semicarbazone prepared as a derivative melted at 156-157°. 

Anal. Caicd. for 0-^11^902^2 C3 65.91; H9 7.01; N3 15.32. 

Founds C9 65.91; HP 7.03; N3 15.40. 
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Preparation of 2^3<>4,9 .,10,12-Hexahydro-l-methyl-8-methoxy-12- 

allyl-2-oxophenanthrene (52), A solution of 25 go of l-allyl-5- 

methoxy-2-tetralone in 150 ml• of dry benzene was treated with di- 

ethylaminopentanone methiodide (from 16 g« of diethylaminopentanone) 

and a solution of 6.8 g« of sodium in 200 ml. of ethanol according to 

35 
the procedure of Robinson and Cornforth. The crude oil was crys¬ 

tallized from methylene chloride-petroleum ether. Recrystallization 

i CSo 
from methanol yielded 13 g. of (52) 3 m.p. 88-89°, A 5.99, 10.951^, 

IRuX 

^maxH 228 fe 19,500) . 

Anal o Calcd. for C9 80.81; H9 7.86. 

Found: C, 80.81; H, 7.83. 

Treatment of (52) with Perbenzoic Acid. To a solution of 5 g, 

of (52) in 100 ml. of chloroform was added 42 ml. of a benzene solu¬ 

tion of perbenzoic acid (.064 g./ml.). The solution was left at 5° 

for 48 hours. The organic layer was washed with dilute sodium hy¬ 

droxide 9 water? and saturated sodium chloride and dried over anhydrous 

magnesium sulfate. The solvent was removed,, and the residue was 

chromatographed furnishing 1.54 g. (31%) of the epoxide (53) 9 m.p. 

88-89°, /l^2 5.99/A, A^H 228 <€ 19,500) . 

Anal. Calcd. for C? 76.48; H9 7.43. 

Found: C9 76.74; H9 7.28. 

Preparation of Compound (54). The epoxide (53) (500 mg.) was 

dissolved in 500 ml. of benzene. The system was flushed with nitro¬ 

gen. Nine milliliters of tertiary butanol containing 10 mg. of potas¬ 

sium per ml. was added9 and the stirred solution was heated between 
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60° and 70° for 1 hour. Upon cooling the reaction mixture to room 

temperature, 100 ml. of 2 N sulfuric acid was added. Water was added, 

and the organic layer was separated. The aqueous layer was twice ex¬ 

tracted with methylene chloride. The combined organic layers were 

washed with water (to neutrality) and saturated sodium chloride solu¬ 

tion and dried over anhydrous sodium sulfate. The oily residue thus 

obtained was chromatographed yielding 115 mg. (25%) of crystalline 

material, which was recrystallized from methylene chloride-petroleum 

ether5 m.p. 178-179% A^ax 2'78s 

Anal. Caicd. for C19H22O3S C, 76.48; H, 7.43. 

Found: C, 76.48; H, 7.32. 

Palladium-Charcoal Reduction of (54). Palladium on charcoal 

(480 mg.) was added to 400 mg. of compound (54) dissolved in 15 ml. 

of glacial acetic acid. After the uptake of hydrogen had ceased, 

the solution was filtered, and the residue was washed several times 

with methylene chloride. Ether was added, and the organic layer was 

neutralized with a saturated solution of sodium bicarbonate, washed 

with water and dried over anhydrous magnesium sulfate. The solvent 

was removed. The material was crystallized from acetone-petroleum 

k CS9 
ether yielding 338 mg. (87%) of (55), m.p. 168-169°,Amax 2.78, 5.84JU. 

Anal. Caicd. for C19H24O3: C, 75.97; H, 8.05. 

Found: C, 75.70; H, 8.08. 

Preparation of Compound (56). To a solution of compound (55) < 

(200 mg. in 15 ml. of ethanol) was added, in a nitrogen atmosphere, 

4 ml. of water containing 4 g. of potassium hydroxide. Then 25 ml. of 
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diethylene glycol and 4 ml* of hydrazine hydrate were added. The 

solution was refluxed for 2 hours at 120% at which time the reflux 

condenser was removed. The solution was heated at 200° for an ad¬ 

ditional 2.5 hours. The solution was cooled and poured into a mix¬ 

ture of 1 N hydrochloric acid and ice. The mixture was extracted 

several times with methylene chloride. The organic layers were 

washed twice with water and saturated sodium chloride solution and 

dried over anhydrous magnesium sulfate. The solvent was removed,, 

and the residue was chromatographed. One hundred milligrams of (56) 

was obtained, m.p. 145-150%, along with 70 mg. of the phenol which 

was remethylated. The analytical sample, recrystallized from ether- 

petroleum ether, melted at 152.5-153.5% A^x 

Anal. Calcd. for C^9H26°2’ % 79.72, H, 9.09. 

Found: C, 79.59, H, 8.91. 

Preparation of the Benzoate of (56). The alcohol (56) (50 mg.) 

was dissolved in 1 ml. of pyridine. Benzoyl chloride (.2 ml.) was 

added, and the solution was left at room temperature for 9 hours. 

Ice in water was added, and the mixture was extracted with ether. 

The ethereal layer was washed several times with 1 N hydrochloric 

acid, 1 N sodium hydroxide, water and saturated sodium chloride and 

dried over anhydrous magnesium sulfate. The solvent was removed and 

the residue was chromatographed affording 56 mg. of the benzoate, m.p. 

150-153°. After several recrystallizations from ether-petroleum 

ether, the sample melted at 152-153% A^x 5.85/A.o 
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Pyrolysis of the Benzoate, The benzoate of (56) (39 mg.) was 

sealed in a tube and heated for 1 hour at 375°. The tube was cooled 

and opened. The residue was dissolved in ether and washed with 1 N 
( 

sodium hydroxide and water. The organic layer was dried over an¬ 

hydrous magnesium sulfate. The solvent was removed and the residue 

was chromatographed yielding 25 mg. of oil. The infrared spectrum 

showed no methylene or carbonyl absorption. 

Chromium Trioxide and Pyridine Oxidation of Compound (56) . To a 

41 
slurry of chromium trioxide (60 mg.) in .5 ml. of pyridine was added 

60 mg. of alcohol (56) in 1 ml. of pyridine. The mixture was left at 

room temperature for 12 hours. Methylene chloride and ether were then 

added and the organic layer was washed several times with 1 N hydro¬ 

chloric acid and then with dilute sodium hydroxide. After washing 

with water, the organic layer was dried, and the solvent was removed 

giving 48 mg. of oil which yielded, on chromatography, 31 mg. of 

„ v CH2C12 
crystalline aldehyde (59), m.p. 105-115 , Amax 3.70, 5.85^. 

After several recrystallizations from methylene chloride-petroleum 

ether the melting point was 115-116°. 

Anal. Calcd. for C19H24O22 C, 80.28; H, 8.41. 

Found: C, 80.55; H, 8.50. 

Preparation of the Enol Acetate of (59). Fifty milligrams of 

potassium acetate was added to 31 mg. of aldehyde (59) dissolved in 

1 ml. of acetic anhydride. The solution was kept at 135° for 6 hours. 

After dilution with ether and methylene chloride, the reaction mix¬ 

ture was extracted with dilute sodium hydroxide, washed with water and 



- 44 - 

dried. Evaporation of the solvent yielded 46 mg. of amorphous oil, 

5.78JJ,. This material was immediately used in the next step, 

Ozonolysis of the Enol Acetate of (59) . A solution of the enol 

acetate (47 mg, in 2 ml. of chloroform and .5 ml, of methanol) was 

cooled to -10°. Ozone was passed through the solution for 30 seconds 

(.197 mM). The solution was kept at -10° for an additional 20 min¬ 

utes. One milliliter of glacial acetic acid and 100 mg. of zinc were 

added. The mixture was stirred at 0° for 20 minutes3 diluted with 

methylene chloride and ether0 extracted with dilute sodium hydroxide 

and dried. Thirty-nine milligrams of crude oil was obtained3 which 

yielded on chromatography 21 mg. of crystalline material (60)P m.p. 

144-146°. After several recrystallizations from methylene chloride- 

petroleum ether the melting point was 151.5-152.5°. This material 

showed no melting point depression with the ketone prepared in a sub¬ 

sequent section5 and the infrared spectra of the two samples were 

identical. 

Preparation of Compound (67). To a solution of 250 mg. of potas¬ 

sium in 25 ml. of tertiary butyl alcohol was added a solution of 

l-allyl-5-methoxy-2-tetralone (500 mg.) in 50 ml. of dry benzene under 

an atmosphere of nitrogen. The solution was heated at 50° for 1 hour. 

59 
Then 300 mg. of l-chloro-2-butanone in 5 ml. of benzene was added 

dropwise. When the addition was complete3 the solution was refluxed 

for 3 hours. After cooling to room temperature3 the solution was 

acidified with glacial acetic acid. Ether was added. The organic 

layer was washed several times with water and saturated sodium chlor- 
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ide solution and dried over anhydrous magnesium sulfate. The solvent 

was removed9 and the residue was chromatographed,, One hundred and 
p C 

forty milligrams of (67) was obtained., m.p. 115*120 03 ^max 2-8V 

5.75/A* After several recrystallizations from ether-petroleum ether 

the melting point was 120-121.5°. 

Anal. Calcdo for ci8H22°3" 75.53; H3 7.69. 

Founds C3 75.48; Hp 7.62. 

Dehydration of (67) with Potassium Tertiary Butoxldeo Ten milli¬ 

liters of tertiary butyl alcohol containing 400 mg. of potassium was 

added to 200 mg. of compound (67) dissolved in 1 ml. of dry benzene3 

and the resulting solution was refluxed under nitrogen for 12 hours. 

The solution was acidified with acetic acid in ether. The organic 

layer was washed with water and dilute sodium hydroxide and dried over 

anhydrous magnesium sulfate. The crude oily residue was chromato¬ 

graphed affording 75 mg. of plates^ which on recrystallization from 

ether-petroleum ether gave an analytical sample which melted at 133- 

134°, ^max 5-80M> AmaxH 260^ £9,000) . 

Anal. Calcd. for C^8^20^2» Cp 80.60; Hp 7.46. 

Founds C3 80.45; Hp 7.75. 

Palladium-Charcoal Reduction of (61). A solution of 75 mg. of 

(61) in 2 ml. of glacial acetic acid was added to a prereduced sus¬ 

pension of 120 mg. of palladium on charcoal in 2 ml. of glacial acetic 

acid. After the uptake of hydrogen had ceasedp the palladium was 

filtered off and washed with ether. The organic layer was washed with 

dilute sodium hydroxide and water and dried over anhydrous magnesium 
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sulfate. The oily residue was chromatographed giving 45 mg. (64%) 

of hydrocarbon (68), m.p. 60-65°. After several recrystallizations 

from ether-petroleum ether the melting point was 62-64°, 

Anal. Calcd. for C^gl^gO:; C, 83.72; H, 10.07. 

Founds C, 83.64; H, 9.57. 

Preparation of (70). Fifteen milliliters of pyrrolidine was 

added to a solution of 5 g. of 5-methoxy-2-tetralone in 60 ml. of 

benzene. The solution was refluxed until no further water appeared 

in the water separator. The benzene and pyrrolidine were removed 

under vacuum at 50°. The resulting oil was dissolved in 60 ml. of 

alcohol, and 5 g. of freshly distilled methyl bromoacetate was added. 

The solution was refluxed for T hour. Then a solution of 8 ml. of 

glacial acetic acid and 8 g. of sodium acetate in 16 ml. of water was 

added, and the solution was refluxed for an additional 45 minutes. 

Ice water was added, and the emulsion was extracted four times with 

ether and three times with chloroform. The organic layer was washed 

with an aqueous solution of sodium bicarbonate, washed with water, 

and dried over anhydrous magnesium sulfate. The oily residue was 

distilled in vacuo yielding 3.8 g. (51%) of (70), 153-156°/.02 mm.. 

AS 5.78M. 

The ester was hydrolized and afforded the corresponding lactol, 

m.p. 176.5-179.5, 2,85, 5.60JU. 

Anal. Calcd. for C13H14O4: C, 66.65; H, 6.03. 

Found: C, 66.44; H, 6.12. 
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Preparation of the Lactone (71). To a solution of the keto 

ester (70) (1.2 g. in 10 ml. of dry benzene) was added 10 ml. of 

ether, 2 g. of acid treated zinc and 2 ml. of ethyl OC-bromopropionate. 

A small crystal of iodine was then added and the mixture was refluxed. 

In 3 periods of 45 minutes each were added respectively 2 g. of zinc, 

2 g. of zinc and 2 ml. of ethyl oc-bromopropionate, and 2 g. of zinc. 

The mixture was refluxed for an additional 45 minutes after the final 

addition. .Ether containing a little glacial acetic acid was then 

added and the mixture was filtered. The zinc was-washed with ether 

and a little methylene chloride. The organic layer was washed with 

dilute hydrochloric acid, water and dilute sodium hydroxide and dried 

over anhydrous magnesium eulfate. The solvent was removed, and the 

resulting oil was dissolved in 5Q. ml. of dry methanol. After addition 

of 2.5 ml. of concentrated hydrochloric ,acid, the solution was re¬ 

fluxed under riitrogen for 4 hours, cooled, diluted with water and ex¬ 

tracted with ether. „,The organic layer was washed with water several 

times and dried over anhydrous magnesium sulfate. The solvent was 

removed and the oily residue was crystallized from methanol furnish¬ 

ing 230 mg. of (71), m.p. 112-114°, 5.60, 5.75^. 

Anal. Calcd. for 0^71^2005: C, 67.92; H, 6.92. 

Found: C, 68.13; H, 7.06. 

Attempted Opening of the Lactone (71). A solution of the lactone 

(71) (85 mg. in .5 ml. of dry benzene) to which had been added .6 ml. 

of tertiary butyl alcohol containing 80 mg. of potassium was refluxed 

under nitrogen for 4 hours. The cooled solution was neutralized with 
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acetic acid and extracted with ether. The ethereal layer was washed 

several times with water and dried over anhydrous magnesium sulfate. 

The ethereal solution darkened on standing. The infrared spectrum in¬ 

dicated primarily acid, but no identifiable compounds were isolated 

by chromatography. 

Another attempt at opening the lactone was made using a 10% 

methanolic potassium hydroxide solution, first at room temperature, 

then at reflux temperature. This procedure also proved unsuccessful. 

Preparation of the Unsaturated Keto Ester (72). A solution of 

the keto ester (70) (9 g. in 100 ml. of dry benzene) was added to 

the Mannich base methiodide prepared from 7 ml. of diethylamino- 

35 
pentanone in the usual manner. The mixture was cooled to 0°, and 

3.4 g. of potassium in 50 ml. of ethanol was added dropwise over a 

ten minute period. After 1.5 hours at 0° the mixture was stirred for 

5 hours at room temperature, then refluxed for 1.5 hours and finally 

left at room temperature for 12 hours. Following careful acidifi¬ 

cation with 1 N hydrochloric acid to a pH of 6-7, the mixture was ex¬ 

tracted with ether and methylene chloride. A yellowish solid, which 

proved to be the tricyclic acid, precipitated and was filtered off. 

Diazomethane was added to the ethereal solution. After 30 minutes, 

acetic acid was added to decompose the excess diazomethane. The 

ethereal solution was extracted with base, washed with water and 

dried. The residue was chromatographed giving 2.2 g. of keto ester. 

The total yield, including 2 g. of the acid separated,above, was 37%. 

The crude ester melted at 90-95°, and the analytical sample re- 
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crystallized from methylene chloride-petroleum ether melted at 100- 

101°’^ma! 5*78’ 6-°°M- 

Anal. Calcd. for 72,59; H, 7.05. 

Found: C, 72,66; H, 7,03 , 

The crude acid melted at 168-170°, After several recrystal¬ 

lizations from methanol, the material melted at 173-174°, ^^2Cl2 
max 

5,85, 6.00/A* 

Anal, Calcd. for Ci8H20°4: c> 72,00; H, 6.67. 

Found: C, 72.21; H, 6.62, 

28 
Palladium-Charcoal Reduction of the Unsaturated Keto Ester (72) . 

A solution of (72) (600 mg. in 20 ml. of ethyl acetate) was added to a 

slurry of palladium on charcoal in .5 ml. of ethyl acetate and .3 ml. 

of 80% sulfuric acid. After the uptake of hydrogen had ceased, the 

palladium was filtered off, and the filtrate was washed with 10% 

sodium bicarbonate solution and water and dried. Evaporation of the 

solvent yielded 257 mg. (43%) of material, m.p. 116-120°. After 

several recrystallizations from methylene chloride-petroleum ether 

n n 

the analytical sample melted at 127-129°, Amax 5.78, 5.82yu. 

Anal. Calcd. for C19H24O4: 72.22; H, 7.59. 

Found: C, 72.58; H, 7.56. 

Saponification of (72) furnished the corresponding carboxylic 

acid, but this substance could not be obtained in crystalline form. 

Lithium and Ammonia Reduction of the Acid Derived from (72) . 

Thirty milliliters of ammonia was condensed into a flask containing 

100 mg. of the acid derived from (72). Sixty milligrams of lithium 
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was added. After 15 minutes the blue color disappeared. More lithium 

was added until the blue color persisted. After 45 minutes, ammonium 

chloride was added to decompose the excess lithium. The ammonia was 

allowed to evaporate. A little ethanol and 1 N hydrochloric acid 

were added successively. The mixture was then diluted with ether. 

The organic layer was washed with water and dried in the usual manner. 

The resulting acid was esterified with diazomethane and crystallized 

from methylene chloride-petroleum ether giving an ester identical with 

(73), m.p. 128-129°. 

Benzaldehyde Treatment of the Keto Ester (73). To a solution 

of (73) (70 mg. in 5 ml. of methanol) was added .2 ml. of benzaldehyde, 

The system was flushed out with nitrogen, and 4 ml. of methanol con¬ 

taining 80 mg. of sodium was added. The solution was left overnight 

under nitrogen at room temperature. One normal hydrochloric acid was 

added. The aqueous mixture was extracted with ether. The ethereal 

layer was washed 3 times with dilute sodium hydroxide and water and 

dried. Eighty milligrams (89%) of crystalline material was obtained, 

m.p. 212-215°. The analytical sample recrystallized from methylene 

OS 
chloride-petroleum ether melted at 217.5-219.5°, Ama^ 5.73 (strong), 

5.88 (weak)M, 305 mMfe 17,900). 

Anal. Calcd. for C25H24O3: C, 80.65; H, 6.45; 0, 12.90. 

Found: C, 80.33; H, 6.71; 0, 13.26. 

Preparation of l,2»394,9ol0,ll,12-0ctahydro-l-methyl-8-methoxy- 

48 
12-allyl-2-oxophenanthrene. A solution of 8.5 g. of (52) in 800 ml. 

of dry ether was added carefully to 1.5 1. of liquid ammonia. Five 
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grains of lithium wire was cut into small pieces and added immediately 

until the blue color disappeared. The ammonia was removed9 and a small 

amount of ethanol was added to decompose any remaining excess lithium. 

The residue was dissolved in water and methylene chloride. The sol¬ 

vent was removed and methanol was added to the residue. Crystals 

immediately formed giving 6.4 g. of (77) 3 m.p. 110-115°. After sev¬ 

eral recrystallizations from methanol the melting point was 115.5-116°., 

Preparation of Furfurylidene Derivative (78). A solution of 2 g. 

of (77) in 80 ml. of methanol was treated with 10 ml. of freshly dis¬ 

tilled furfuraldehyde and 30 ml. of 33% aqueous sodium hydroxide sol¬ 

ution under an atmosphere of nitrogen. More methanol was added until 

the solution was clear. The solution was flushed with nitrogen,, seeded3 

and left in the dark at room temperature for 12 hours. Water was added., 

and the clear solution was left at 0° for 3 hours and then filtered 

yielding 2.2 g. (86.5%) of crystalline material., m.p. 90?92°. After 

several recrystallizations from methanol the sample melted at 90-91°3 

* 
to the stirred solution. After 45 minutesp ammonium chloride was added 

\
CS
2 5.82* 10.95M. 

' ’TTIOv ' max 

Anal. Calcd. for C, 80.28; H, 8.45 

Found C, 80.02; H, 8.79 

/\
CS2 6.00, 10.95JU, A£axH 320 ®,M» 19,000). 

Anal. Calcd. for C24H26O3: Cj 79.56; H3 7.18 

Found: Cp 79.51; H, 7.20 

(Mr gb VcA. 
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Reaction of Furfurylidene Ketone (78) with Osmium Tetroxide. 

Six milliliters of dry pyridine and 4.5 go of osmium tetroxide were 

added to 6 go of the furfurylidene ketone (78) dissolved in 150 ml. 

of dry ether. The mixture was left at room temperature for 12 hours. 

The ether was removed under vacuum, and the residue was dissolved in 

150 ml. of water ^nd 250 ml. of ethanol. Forty-five grams of sodium 

sulfite was then added. The mixture was refluxed for 3 hours, cooled, 

and filtered. The residue was washed 3 times with hot ethanol; most 

of the solvent was removed by distillation under vacuum. The residue 

was taken up in methylene chloride and water , and the mixture was 

diluted with ether. The organic layer was washed several times with 

dilute hydrochloric acid, dilute sodium hydroxide and water and fin¬ 

ally dried over anhydrous magnesium sulfate. The solvent was re¬ 

moved under vacuum, and ether was added to the oily residue. Crystals 

immediately formed giving 4.8 g. of compound (79), m.p. 173-176°. The 

analytical sample, prepared by recrystallizing from methylene chloride- 

petroleum ether, melted at 186.5-188°, 2.85, 6.00/JU 

Anal. Calcd. for C24H28O5S C, 72.73; H, 7.07. 

Found: C, 72.96; H, 7.34. 

Reaction of (79) with Lead Tetraacetate. To a solution of glycol 

(1 g. in 30 ml. of dry benzene) was added 1.6 g. of lead tetraacetate. 

After the solution had stood for fifteen minutes at room temperature, 

ether was added. The organic layer was washed with water and a satur¬ 

ated solution of sodium chloride and finally dried over anhydrous 

magnesium sulfate. One gram of oil was obtained, 5.85^A. This 

material was of sufficient purity for use in the next step. 
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Aldol Condensation of the Aldehyde (80) with Sodium Hydroxide, 

To a solution of (80) (1.1 g. in 1 ml. of methanol) was added 60 ml. 

of 80% aqueous methanol containing 10% potassium hydroxide. The sol¬ 

ution was sitrred for twelve hours at room temperature under nitrogen, 

diluted with methylene chloride and ether and acidified with dilute 

hydrochloric acid. The organic layer was washed with dilute sodium 

hydroxide and water and dried over anhydrous magnesium sulfate. The 

residue crystallized upon the addition of ether yielding 591 mg. of 

(81a) (65% overall yield from glycol (79)), m.p. 196-198°. After 

recrystallization from methylene chloride-petroleum ether the analyt- 

Acetylation of (81a) with Pyridine and Acetic Anhydride. Twenty 

milliliters of acetic anhydride was added to 1 g. of ketol (81a) 

dissolved in 8 ml. of dry pyridine. The solution was left at room 

temperature for 12 hours. Ice water, methylene chloride and ether 

were added successively. The organic layer was washed several times 

with dilute hydrochloric acid, dilute sodium hydroxide and water and 

dried over anhydrous magnesium sulfate. The solvent was removed, and 

the residue crystallized upon the addition of ether giving 981 mg. 

(88%) of (81b), m.p. 212-216°. After several recrystallizations from 

methylene chloride-petroleum ether the sample melted at 222-224°, 

ical sample melted at 199-201°, 2.82, 6.00>A. 

Anal. Calcd. for C23H24O4: C, 75.82; H, 6.59. 

Found: C, 75.84; H, 6.72. 

Anal. Calcd. for C25H2205* C3 73.89; H, 6.40. 

Found: C, 73.66; H, 6.24. 
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Sodium Borohydride Reduction of (81b) 0 The keto acetate (81b) 

(400 mg.) was dissolved in 2 ml. of tetrahydrofuran. Twenty-five 

milliliters of methanol and 200 mg. of sodium borohydride were added9 

and the solution was left at room temperature for 15 minutes. Water 

and methylene chloride were added successively9 and the aqueous layer 

was washed 3 times with methylene chloride. The combined organic 

layers were washed with a saturated sodium chloride solution and dried 

over anhydrous magnesium sulfate. The reduction gave a mixture of 

diol (49 mg.) P m.p. 229.5-230% and of hydroxy acetate (82) (320 mg.) 9 

m.p. 145-146°. 

The diol was recrystallized from methylene chloride-petroleum 

ether, A^|Cl2 2.83M- 

Anal. Calcd. for C23H26O4- 75.41; H9 7.10. 

Founds Cp 75.04; H9 7.18. 

The hydroxy acetate was recrystallized from methylene chloride- 

petroleum etherp A^ax 2.83P 5.75 

Anal. Calcd. for C25H28O50 C9 73.53; ll5 6.86. 

Found: C9 73.60; H9 6.81. 

Preparation of the Diacetate (83). A mixture obtained from the 

reduction of 4.7 g. of keto acetate (81b) was dissolved in 24 ml. of 

pyridine and 60 ml. of acetic anhydride. The solution was left at 

room temperature for 48 hours. Ice water was added9 and the mixture 

was diluted with methylene chloride and ether. The aqueous layer was 

washed several times with methylene chloride. The combined organic 

layers were washed repeatedly with dilute hydrochloric acidP dilute 
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sodium hydroxide and water and dried. The material was crystallized 

from methylene chloride-petroleum ether affording 4.8 g. (92%, based 

on 4.7 g. of keto acetate) of (83) , m.p. lyO-lT'S0. After recrystal¬ 

lization from methanol the sample melted at 172-173\^s2 5.75JJL. 
' -rrmv s 

Ozonolysis of (83) . The compound (83) (200 mg.) was dissolved 

in 6 ml. of chloroform and 1.5 ml. of methanol. The solution was 

cooled to -10° for 10 minutes. Ozone was passed through the solution 

for 8 minutesj, 4 meq. of ozone being added. The solution was left at 

-10° for an additional 20 minutes. Four hundred milligrams of zinc 

and 3.5 ml. of acetic acid were added3 and the mixture was stirred for 

15 minutes at room temperature. After dilution with methylene chloride 

and ether9 the organic layer was washed with water3 dilute sodium 

hydroxide and water and dried over anhydrous magnesium sulfate. The 

material was crystallized from methylene chloride-petroleum ether 

yielding 100 mg. (59%) of (84)0 m.p. 207-215°. After several re¬ 

crystallizations from methanol the melting point was 235.5-237.503 

Anal. Calcd. f°r ^27^-30^6“ 72.00; H3 6.66. 

Found: C9 71.86; H3 6.86. 

Anal. Calcd. for C22H26°6“ 68.02; H9 6.64. 

Found: C3 68.39; H3 6.74. 

Preparation of Compound (85) . 
54 

A solution of compound (84) 

(159 mg. in 7 ml. of dry toluene) was added to a solution of 200 mg. 

of calcium in 75 ml. of liquid ammonia. The solution was stirred for 

1 hour. During this time, an additional 100 mg. of calcium was added 
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as the blue color had faded. Bromobenzene was then added to decompose 

the excess calcium. The ammonia was evaporated, and the residue was 

taken up in 1 N hydrochloric acid and methylene chloride. The organic 

layer was washed with water and dried. One hundred and fifty-two 

milligrams of oil was obtained. On chromatography, 21 mg. of the 

keto monoacetate (85) and 56 mg. of ketol were obtained. The latter 

was reacetylated giving 66 mg. of (85), a total yield of 87 mg. (70%), 

m.p. 145-150°. The analytical sample prepared by recrystallizing 

from methylene chloride-petroleum ether melted at 157-158°, A^ax 5.73, 

5.80/A. 

Anal. Calcd. for C20H24O4: C, 73.17; H, 7.32. 

Found: c, 73.02; H, 7.35. 

58 When the Djerassi procedure was followed utilizing methanol to 

decompose the calcium complete reduction of the carbonyl was obtained. 

The resulting hydroxy acetate was reacetylated giving a crystalline 

compound which was recrystallized from methylene chloride-petroleum 

ether, m.p. 134-135°, \™2 5.73JX. 

Anal. Calcd. for C22H2805: C, 70.94; H, 7.58. 

Found: C, 70.68; H, 7.61. 

Wolff-Kishner Reduction of Compound (85). To a solution of (85) 

(30 mg. in 2.5 ml. of ethanol) was added a solution of 600 mg. of 

potassium hydroxide in .6 ml. of water, .6 ml. of ethylene glycol di¬ 

ethyl ether and .6 ml. of 85% hydrazine hydrate. The resulting sol¬ 

ution was refluxed under nitrogen for 2 hours (122°). The temperature 

was then raised to 200°, and the solution was left at this temperature 

for an additional 2 hours. The reaction mixture was poured into a 
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mixture of dilute hydrochloric acid and ice and diluted with methylene 

chloride and ether. After the usual washing and drying procedure, the 

solvent was removed yielding 30 mg, of crude oil which showed no 

carbonyl absorption. Chromatography gave 21 mg. of crystalline mat¬ 

erial, m.p. 170-175°. After several recrystallizations from methylene 

v CS 
chloride-petroleum ether the sample melted at 173-174°, Ama^ 2,80/0., 

Anal. Calcd. for C^gH2402: C, 79.41; H, 8.82. 

Found: C, 79.17; H, 8.92. 

Chromium Trioxide and Pyridine Oxidation of Compound (86). To a 

solution of chromium trioxide (20 mg. in .3 ml. of pyridine) was added 

25 mg. of (86) in .5 ml. of pyridine. The mixture was left at room 

temperature for 12 hours. Methylene chloride and ether were added, 

and the organic layer was washed repeatedly with dilute hydrochloric 

acid and water and dried. Twenty milligrams of crystalline ketone 

(60) was obtained, m.p. 145-150°. After several recrystallizations 

from methylene chloride-petroleum ether the sample melted at 152-152.5°, 

/\
CS2 5.75JU. 

' 'max y 

Anal. Calcd. for C^gH2202: CJ 80.00; H, 8.15. 

Found: C, 80.10; H, 8.21. 

Ozonolysis of the Allyl Ketone (77) . A solution of 200 mg. of 

(77) in 4 ml. of chloroform and 1 ml. of methanol was cooled to -10° 

in a salt-ice bath. Ozone was bubbled through the solution for 10 

minutes, 3.2 mM of ozone being added. The solution was left at -10° 

for an additional 20 minutes. Three milliliters of glacial acetic 

acid and 300 mg. of zinc were added, and the mixture was stirred at 
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room temperature for 2 hours. -Ether was then added., and the excess 

zinc was filtered off. The ethereal layer was washed with water and 

dried. One hundred and twenty-five milligram (62%) of colorless oil 

which would not crystallize was obtained. The oil was chromatographed 

and used in the next step. 

Chromium Trioxide and Pyridine Oxidation of the Aldehyde from (77). 

To a solution of aldehyde (85 mg. in 4 ml. of pyridine) was added 

360 mg. of chromium trioxide. The suspension was left at room temper¬ 

ature for 12 hours. Ether was then added. The organic layer was 

washed repeatedly with 1 N hydrochloric acid., then with 1 N sodium hy¬ 

droxide. The aqueous layer was acidified with 1 N hydrochloric acid 

and extracted with ether. Eight milligrams of acid was obtained. 

Treatment of the acid with diazomethane resulted in a crystalline ester 

whose infrared spectrum was identical with that of (73). The material 

melted at 127-128° and showed no mixed melting point depression with (73). 

Reduction of (61) with Palladium on Barium Sulfate. A solution of 

68 mg. of (61) in 5 ml. of ethanol was added to a suspension of pre¬ 

reduced palladium on barium sulfate in 5 ml. of ethanol. After the 

uptake of hydrogen had ceased, the palladium was filtered off and 

washed with ether. The organic layer was then washed with water and 

saturated sodium chloride solution and dried over anhydrous magnesium 

sulfate. Evaporation of the solvent and recrystallization of the resi¬ 

due from ether-petroleum ether yielded 50 mg. of (69), m.p. 120-122°, 

AZi 5'80M- 260^(6 9,000) . 

Anal♦ Calcd. for £18^22^2* 80.00; H, 8.15. 

Found: C, 80.29; H5 7.65. 
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