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FOR centuries, the Indian snake-root, RuuwoZ@a serprinu Benth., has enjoyed a 
favorable reputation in its habitat as a valuable medicinal agent. The problem of 
defining the scope of its utility in terms of modern Western medical standards was 
complicated by the fact that the plant produces a very large number of closely related 
alkaloids, of which those present in larger relative measure are not those with the more 
interesting physiological properties. l Only five years ago, S&littler &st isolated 
reserpine, and demonstrated that this new alkaloid was largely responsible for the 
hypotensive activity associated with crude Rauwo@u extracts.a This discovery, 
and the remarkable effect which reserpine was subsequently found to exert upon the 
central nervous system, rapidly won for the alkaloid an important place in the 
treatment of hypertensive, nervous, and mental disorders. 

S&littler and his colleagues took structural studies in hand at once, and were 
soon able to pro@ose for reserpine the structure !(I : R = MeO, R’ = Me, R” = 
3,4,5-(MeO),C,H,COO).s Thus, it was early clear that reserpine is a member of the 

R” 

great alkaloidal group of which yohimbine (I : R = R’ = R” = I-l) is the prototype 
and oldest known member. There remained a stereochemical problem of no mean 
dimensions, and in view of the stereochemical abandon with which Nature has 
constructed the members of the yohimbine group-at least eight stereoisomers of 
yohimbine itself have so far been isolated from natural souTcesld-few clues were at 
hand. But by summer of 1955, the Ciba group, and a number of independent investi- 
gators as well, had completed a series of elegant investigations which permitted the 

* For preliminary communications, se& Amer. Chem. Sot. 78,2023.2657 (1956k 
u A. Chattesjcs Forts&. Chem. Org. Notwst. IO, 390(1953); b A. cha#ajsa 5. C. P&ra&iandG. Werner 

Z&d. 13,346 (1956); o E. S&littler, 1. A. S&wider and A. J. Plummer, Angew. Chem. 66, 386 (1954); 
* 3. E. Saxton, @wt. Reu. Chem. Sot. 10,128 (1956). 

s J. M. Mlllkr, E. Schlittkr and I-I. J. Bein lXrpeie#ia 8,338 (1952). 
- L. Dorhan, C. F. Hwbner, Ii. B. MacPhiUmny, B. .schliulsr and A. F. St. Andr6 Jb--&uiu 9,368 

(1953); b L. Dorhan, A. l+rhuneier, C. F. Hucbnor, R. Luau, H. B. M&‘hiWny, J. M. Mwllcr, 
E. Schlittler, R. Schwyzer and A. F. St. And& II&. Chim. Acta 37.59 X1954). 
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elaboration of the full structme (II) for mserpine.’ The Stage Wa8 llOW set for 

rational synthetic efforts. 
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We chose as first step the rmcticm of vinylacryik acid with cpdno~. 
proc6c#bd xxbtively smoothly in hot tmzme solution, to give the 
R=H). Itwillbenotedthatthe fortmdsix~ringofthe& 
wasde&nedtobecGn3eRiQgE thatitcontainsalmadya&blici~ 
placed carboxyl group, a double aqpuy for the in- of oxygm 
atoms at appmpdate positions, tmd three aymwtric carbon atoms prqwly oriented. 
The weIl-known 8temorpccifiejty of the IX&-Alder reaction e&led us to assume 
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L&b& Atan. S&4,81 (1949); K. Al& I&f. S71, 157 (1951). 
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Some pm- studies with the adduqt (JY ‘: R = H) served for the characteri- 
zation of various of its functions. With diaxomethane, the corresponding ester 
(IV : R = Me) was produced, albeit only in moderate yield; addition of diaxomethane 

to the carbon-carbon double bond of the enedione system was obviously a compli- 
cating factor. Attempts to prepare the ester by acid-catalyxed estcri&ation with 
methanol led only to the aromatic isomer (VI), and emphasized the necessity for 
the use of gentle methods in effecting fmer elaboration of our key in&mediate. 
The ester (Iv : R = Me) was best prepared by the direct reaotion of quinone with 
methyl vinylacrylate. The attack of perbenxoic acid on the ester was expected to, 
and did, involve preferential attack upon the isolated, and consequently relatively 
electron-rich, double bond, with formation of the oxide (VII). In its turn, the double 
bond d the ene-dione system was attacked by hydrogen peroxide in the presence of 
osmium tetroxide with the formation of the diol (VIII). 

pm lx X 

The structure of the adduct deserves some further comment in detail at this 
point. A priori, the possibility was present that one or. another of the ring-chain 
tautomeric species (IX) or (X) might surpass the doubly ketonic structure (IV) in 
stability. In fact, no evidence for the presence of such molecules, even as minor 
participants in tautomeric equilibria could be found in the case of the free adduct. 
In particular, (IX) was easily excluded, through the absence of absorption in the 
infrared. spectrum of the adduct in the M-57 p region. Further, the spectrum 

‘exhibited strong absorption of the characteristic carboxyl type at 2Gt.2 ,u, and the 
presence in the ultraviolet spectrum of bands at 224 and 355 rnp (log E = 11,300 
and 71) indicated that the system -CO-CH==CH-C!O- was present.’ Finally, 
with acctyl chloride and acetic anhydride, the adduct was converted to a simple 

’ Cf. D. H. R. Barton and A. S. Lindsay J. Cheat. Sm. 29S9 (1951). 
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mixed anhydride (XI), rather than to +3 laotol a&ate derived from (IX) or (X). 
None the less,. the fti shortly to be d&ailed s that some kind of interaotion 
between the carboxyl group and the carbonyl group at C.8 occurs in certain cir- 
cumstances. * 

We now wished to find a reaction which would ditferentiate the two similarly 
placed carbonyl groups in (IV : R = H), and one was soon found in the reduction of 
the adduct by sodium borohydride in water to the dihydro derivative (XII). Although 
we were prepared to make use of the opportunity which would be presented by the 
selective reduction of either cahonyl group, it was of course necessary at this point 
to establish which of the groups had in fact suffered reduction in the case at hand. 
The issue was readily resolved through conversion of the reduction product into the 
corresponding transannular laetone (XII), the six-membered nature of whose la&one 
ring was evident from the presence in its inframd spectrum of a strong band at 
574 j4. Since there was a possibility that the conoentration of divers functional 
groups in (XIII) might lead to abnormalities in the positions of infrared bands, the 
dihydro derivative also was converted by hydrogenation into the hexabydro compound 
(XIV), and thence into the saturated keto-lastone (XV), which could be prepared 
alternatively by the direct reduction of the doubly unsaturated lactone. The infrared 

XIX xp XXI 

speotrum of the saturated lactone porsseasad a normal ketonic carbonyl band at 
5.85 p, and a second band at 580 p, characteristic of the carbonyl group of a six- 
membered lactone ring. 

The formation of the laotone (XIII = XVI) may serve for the introduction of a 
number of stereochemioal points of great impor&nce. First, it will be noted (of. XVI) 
thatthclactonecanf3c;fonnsdatatLonlyif~hydroxy~dfrom~itwas 
0l3tlbdpossesSCSthe-(xm) inregardtoalls&eo&mMdetails. Con- 
sequently, the experiment demonstrates rigorously that tJlc a5yrmneZric car&m atom 
of the original ad&t are in f&et orbesrtcld k the mmner hherto aWeed ody on 
thmruticalgro+. Secom, it will be noted &at the lactoue does not form span- 
taneoxsly from the hydroxy a&l. This fact demonstrates that of the two possible 
conformations (XVII) and 0, the hydroxy acid assumes the former, in which 
the groups attached to the ring skeleton are diqosed in the energetically favorable 
quQBiaquatorial oriemation. Consequently, in order to bring about la&o&&ion, 
energy must be put into the system in order to bring about conversion of the hydroxy 
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acid molecules into the less favored conformation (XVIII), with axially disposed 
carboxyl and hydroxyl groups. Conversely, it may be noted that the co-operation of 
those groups in the formation of a hactone function serves to freeze the molecular frame- 
work in an otherwise relatively unfmorable conjbrmation, with important stereochemical 
consequences for operations on the periphery of the molecule. A third theoretical point 
of importance is brought to light by a consideration of the fact that the addition of 
hydrogen in the reduction of the carbonyl group at C.5 of the adduct (IV : R = H) 
takes place from the same side of the molecule on which the two bridgehead hydrogen 
atoms are located (cf. XVII). The known preference for the formation of ecluatorial 
hydroxyl groups in hydride reductions of relatively unhindered carbonyl groups* 
would have suggested in any case that (XII = XVII) would be formed, but it should 
be emphasized in addition that to the extent that steric factors are operative in direct@ 
the reduction, the same product would be expected. For, all cis decalin derivatives 

possess cage-like structures, to which access is severe& obstructed on the concave face;* 
it will be clear from the subsequent narrative that we have made much use of this 
simple steric property of our cis decalin derivatives. 

Before leaving the discussion of the dihydro adduct (XII), some farther comment 
is necessary upon the selectivity of the reduction. Even in the presence of a large 
excess of the reducing reagent the carbonyl group at C.8 is not saturated. This result 
was hardly anticipated, nor is it even now entirely clear to what it should be attributed. 
Certain it is that the C.8 carbonyl group is much the more hindered of the two present ; 
but sodium borohydride is not notably subject to ordinary steric effects, and it seems 
possible either that the carboxylate ion, proximate as it is to the relevant carbonyl 
group (cf. XVII), exerts electrostatic repulsion upon the borohydride ion, or perhaps 
interacts electronically with the carbonyl group in such wise as to effect the virtual 
saturation of the latter. 

We turned now to the problem of introducing oxygen atoms at appropriate 
positions of our Ring E progenitor. Our expectation was real&d that perbenxoic 
acid would attack the dihydroadduct (XII = XVII) on the convex face, and preferen- 
tially at the isolated double bond, with formation of the oxide (XIX). A point of 
much theoretical interest emerges from the fact that a similar preferential reaction 
could not be realized in the case of the lactone (XIII). In that case, oxidation by 
perbenzoic acid occurred relatively slowly, the consumption of oxidant did not 

* The term COMCX face is used in the requcd for that side of cia decalin derivativea on which the c& 
bridgehead hydrogen atoms are located. The us of tbir de&nation, and the complementary cmccx~e fuce 
for the opposite side, obviatts the ambiguities inherent in such phrarm as “from the top side,” and “attack 
from tba NW.” 
a D. H. R. Barton J. Chem. Sot. 1027 (1953); H. R. Nate and G. L. O’Connor I. Amer. Chem. Sot. 73, 

5824 (1951); J. B. Umlmd and M. I. Jefralm Ibid. 78,2788 (1956). 
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cease after one mole, and no clearly defined products were isolated.* It is clear 
that in both cases, the conjugufed double bond is relatively inert to cationoid oxidants 
as a result of electron withdrawal by the directly attached carbonyl group. The 
different behavior of the isolated double bonds in the two cases is attributable to the 
fact that in the lactone, the geometrical prerequisites for electron &ease from the 
isolated double bond to the carboxyl carbonyl group are better satisfied than in the acid. 
Thus, in the lactone the relevant carbonyl group is axially disposed, and the opportunity 
for overlap between the electron-deficient n orbital of that group and the rr orbitals 
of the double bond is relatively favorable (cf. XX, arrow). In marked contrast, 

xx Ea 

xxu 

the equatorial orientation of the carboxyl group in the hydroxy acid provides little 
occasion for an analogous interaction (cf. XXI). The striking effects which can arise 
from similar interactions between non-bonded centers may be emphasized by reference 
to the carbonium ion (XXII), which is stabilized to such an extent by orbital overlap 
that the corresponding toluenesulfonate is solvolyzed one hundred billion times more 
rapidly than the saturated analog.9 

We considered, but regarded as unlikely, the possibility that the attack of perben- 
zoic acid on (XII) might lead directly to a hydroxy lactone of the type (XXIII). 

* Further, very striking, evidence of the deactivation of the A v double bond in the &tone (XIII) 
was found in the observation that the substance was converted by one mole of bromine to the a-bromo-a, 
,%unsaturated ketone (i). 

On the other hand, preferential attack at the non-conjugated center of unsaturation was achieved with 
iodine and silver acetate in acetic acid, which converted the la&one into the iodoacetate (ii). 

ii 

* S. Winstein. M. Shatavsky, C. Norton and R. B. Woodward J. Amer. Chem. Sot. 77,4183 (1955). 
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While it is true that unsaturated acids frequently undergo changes of the sort (XXIV 
+ XXV) on attack by electron-defkient reagents, it is clear that the equatorial dispo- 

sition of the carboxyl group in the most stable &&rmational isomer of (XII = XVII) 
places that function at such remove from the krminal carbon atom (C.3) of the 
double bond that a concerted reaction of the type under discussion cannot occur. 
Of course, the geometq of the unstable qonformational isomer (XVIII) is favorable 
for the concerted reaction, and since conformational changes are no doubt rapid, the 
hydroxy lactone could be formed, if the relevant double bond (A*#3 of (XVIII) were 
more reactive than the corresponding unsaturated center in (XVII); but the discussion 
of the preceding paragraph indicates that the double bond with the adjacent axially 
oriented carboxyl group will be the Zers reactive of the pair. 

We now came to grips with the problem of opening the 2,3-0x& ring. The 
cleavage of the oxide ring of (XIX) by hydrolytic reagents would be expected to lead 
to a rruns diol derivative of the undesirable stereostructum (XXVI), since it is well 

known that the cleavage of cyclohexane oxides proceeds by preference with the 
formation of axial trtms diols (cf. XXVII).lO However, it was clear that the opening 
of the oxide could be forced to take the alternative desired direction if the molecule 
of (XIX) could be forced to assume the alternative conformation available to it as 
a cis decalin derivative. Cur earlier experience with the lactonization of the simple 
hydroxy acid (XII) had shown us how this conformational change could be reahxed, 
and we next converted the oxide (XIX) into the corresponding lactone (XXVIII), by 
treatment with acetic anhydride and sodium acetate in benzene. We could now be 

I* D. H. R. Barton and R. C. Cuokson Qwt. RCD. Gem. Sot. lo,67 (1956). 
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conlkient that the hydrov a&ate which we obtained from the oxide lactone by the 
action of boiling acetic acid had the d&red sm (XXIX E XXX). Indeed, in 
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the latter, we had in hand for the jrirst time an interm&iate in w#ich the probkm 
presented by the stereochemistry of Ring E of reswpine was sohwd. Further, the 
hydroxy mtate possesses only one active hydrogen atom, and further progress 
toward an appropriate reserpine intermediate was readily achieved through conversion 
to the corresponding methyl ether @XXI) by treatment with silver oxide and methyl 
iodide. * 

The fkther elaboration of the methoxy acetate (XXXI) in the direction of an 
in&mediate of the desired type (III) re@red the removal of the oxygen mm 
at (2.8, or the intcrpolatio new methylene group between C.8 and C.9. No 

J$!&Q q$JOA; b2T& 

O’Me 
: ‘Ii 
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xxxn 

doubt one or the other of these objectives could have been realized, but very favorable 
developments in another direction supervened at this point, and this series was not 
carried beyond the oxide @XXII) and the glycol osmate @XXIII) prepared from 

l The praparotion of pure aampiar of the mcthoxy amtata (XXYCI! was 0th at&n&d by COIMMOIM~ 
~~hr&l chr~togfqhy of ths crude product showd $at Et was contxunismti w~tb a hmobg 

mxturo(m)uspropomdropoesd~234m~, as contiwtedwthjlpu222m~ 
of the CDUI’IO followed in the formation of (ill) have not been establielmd, but i 
addition of an anion (perhaps MOO- or Aso-) to the conjugated double bond 

M:q&04c 4& MeQ!& 

0:L.W Okle O’Me 

iii iv ” 

* S~uant 1008 of ROIi from the rmuliiq (v), with formation of the ob8erved 
~&6zzzgMml. 

It may be noted that sterlc factors prohibit direct onolization of (XXXI), by proton migration from either 
c.5 or c.9. 
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the unsaturated ketone by treatment with alkaline hydrogen peroxide, and osmium 
tetroxide in pyridine respectively. 

While the studies of the six-membered lactone intermediates just described 
were in progress, we were at the same time investigating the opportunities presented 
by a series of five-membered la&ones, of which @XXIV) may serve as the prototype. 

‘0 

% 

HO : 
H co 

/ 

This substance was first encountered as the product of the reduction of the simple 
six-membered lactone (XIII) by aluminium isopropoxide in isopropanol. That it 
possessed the structure (XXXIV) rather than that of the proximate reduction product 
(XXXV) was clearly apparent from the presence in its infrared spectrum of a band 
at 5.68 p. Since direct translactonixation by attack of the hydroxyl group of @XXV) 
upon the lactone carbonyl group is sterically improbable, it was necessary to presume 
that the lactone ring had first been cleaved by isopropanol with formation of an ester 
(XXXVI), from which the product @XXIV) could be formed without difliculty. 

/ H 

HO k 

% PPP ooc ’ 

/ H 

43 MeOOC ’ 

This view received support when it was found that the ester (XXXVII), prepared 
from the corresponding acid (XII) by the action of diaxomethane in dioxane* was, 
like the lactone (XIII), converted smoothly into @XXIV) by ahnninium isopropoxide 
in isopropanol. Finally, the five-membered lactone was found to be most simply 
preparable by the direct reduction of the ester adduct (IV : R = Me). 

The hydroxy lactone (XXXIV) was readily oxidizable by chromic acid in acetic 

l Like the adducts (IV), though less so, our compounds containing the system (vi) were susceptible to 
aromatization in the presence of strong acids. When an attempt was made to prepare the ester QDCXVII) 

vii 
by acid-catalyzed osteriflcation of the srrarponding acid, crud0 mixtm-es wcm obtained whose ultraviolet 
and infrarad absorption was clearly indicative of the prsrarm of substances containing the chromophora 
(vii). It is likely that the aromatization reaction involvw prior enolization ofthe C.8 carbonyl pup towards 
C.9; our qualitative observations ruggcat that &stat~~ suchasthclactono(XXWII)inwhichsuchcnoli- 
zaGon is sterically prohibited, are more-rcaistant to aromatization than the enolizablo analo8ues. 
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acid to the corresponding keto lactone (XXXVIII), which was found to be subject 
to remarkably facile reductive cleavage by zinc and acetic acid, with foimation 
of the p,y-unsaturated keto acid (XxX1X) .* The latter was readily converted to 

XL 

the corresponding conjugated isomer (XL) when it was warmed with potassium 
acetate in alcohol. Clearly, these developments suggested a very simple possibility 
for the removal of the unwanted oxygen atom at C.8 in our intermediates, provided 
that a representative of the five-membered Iactone series suitably oxygenated at C.2 
and C.3 could be found. Experiments on the direct oxidation of the As,s double bond 
of the keto lactone @XXVIII) were not promising since, as in the earlier studies 
with the six-membered lactone (XIII), perbenzoic acid did not differentiate satis- 
factorily between the two oxidizable portions of the mo1ecule.t Thus, the reagent 
was consumed slowly, an integral number of moles of oxidant was not consumed, 

* The a&unsaturated ketones of the six-membered lactone series. e.g., (XIII) and QCXXI), were also 
very readily reduced by zinc and acetic acid, with the formation of (viii) and (ix), respectively. 

O’Me 

ix 
We suggest that the process involvea attack of xinc on the oxygen atom of the ketonic carbonyl group 

(x, arrows).rl The formation of the unstable /?,y-unsaturated ketone on diacharga of the resulting complex 

xi 

eno ate i (xi), u&r esscntialiy irreuersiblc conditions, is expected. 

t As in the case of tha six-membered la&one (XIII), (ui& supra). the sluggishness of the As** bond of 
(XXXVIII) is attributed to electron release from that center to a non-conjugated carbonyl group. The 
five-mombercd lactone may oxist in one of two conformations; in view of the presence of three trigonal 
atoms in one ring, a decision in mspcct to the relative stabilities of the two conformational isomers is 
diiBcult, but in any event, in ono of them, the lactone carbonyl group is axially oriented with respect to the 
AsGond, as in (XIII), while in the other, the gcomotry is very favorablo for interaction bcrween rhc Ass’ 
bond and the C.5 corbonyI group. 

It is worthy of note that the 5vamembered lactone (XXXVIII) further resembled the six-membered 
analoguc (XIII) in that it was attacked at the unconjugatcd 8s~’ double bond by iodine and silver acetate in 
acetic acid, with formation of the corresponding iodoacotam. 
11 IL B. Woodward, F. Sondheimar, D. Taub, K. Heusler and W. M. McLamorc J. Amer. Chem. Sot. 

74,422s (1952). 
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and w. sole isolable product was a substance whose characteristic physical properties 
indicated clearly that it possessed the structure (XLI). 

In these circumstances, it was natural to consider whether the oxide lactone 
(XXVIII), which was an important intermediate in our earlier series, could be con- 
verted into a mpresentative of the five-membered lactone series through reduction 

XLI XLII XLIII 

by aluminium isopropoxide in r;pOpropanol. We anticipated that the lactone would 
first be converted into an hydroxy ester of the type (XL11 : R = I’@), that further 
change to an hydroxy la&one Q&III) wauld then result, and were cog&ant of the 
possibility that the latter might well be converted into an hydroxy ether (XLIV). 

XLE? xuz 

For ahuninium ti0propoxid.e can function as an acidic reagent, capable of labilixing 
the oxide ring for intramolecular attack by a stericahy favorably disposed hydroxyl 
group (cf. XLV, arrow). In the event, all of these changes did in fact occur, and yet 
another. The major product of the reaction was the unsaturated ether (XLVI). 
Clearly, the lactone carbonyl group of the presumed intermediate (XLIV) activates 

XLPI XLplI 

the adjacent methine hydrogen, and permits a ready p elimination of the hydroxyl 
group. It may be noted that as in the simpler series, the ester (XLVII), prepared from 
the corresponding acid (XIX) by the action of diaxomethane in dioxane, was likewise 
converted into the unsaturated ether (XLVI) ‘on ahuninium isapropoxide reduction. 

We turn now to a discussion of the stereochemistry of the formation of the unsatu- 
rated ether (XLVI), and of the five-membered lactone series in general. First, it is clear 
that the reduction of the carbonyl group at C.8 in either the ester (XLVII), or the 
la&one (XXVIlI), will involve addition at the convex face of the molecule, since in 
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both t-mpun& accms to the carbony group at the concave feae is very severely 
obstructed (cf. XLVIII and XLIX). !kmmdly, the p&erred conformation (L) of 

m$pH H+k& 

XLYm 
XLM 

L 

thedihydroxyeater~wldchHLwlthe~asan inthe 
leadingto(XLYI)diossnotpQIlaita~~o~opaaInBwithf~onofthe 
requimd 3,5 ether linkage. Is&& cyclic ether foml&ioll &t the ester stage should 
lead to a.2,8 oxide ring. + The&e c4B&kraLtjoglll6d ue to concl* that t?k? f@rr?rfMon 
of the 3,5, oxfib brie&e f&ws ?rmhrdJaotoRc ridg. For 
thelactmeoxide(XLIII),twoaltmnutitaeco w aad @.I), m a-l% 
whose major difkence, vim-v& emrgy,. lies in the grrari-axial diqwition of the 

xii 
r#laion,maywoilhwothostructm(xii). 
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in the other. Consequently, (LII), in which 3,5 ox& bridge formation is impossible, 
is undoubtedly the predominant species. However, the cleavage of the 2,3 oxide ring 
involves an increase in electron de&iency at C.2 and C.3, and factors similar to those 
which render the Aa*’ double bond of the lactone (XX), with an at&cent a&l carbonyl 
group, relatively inert to cationoid oxidants (de sym) will oppose the opening of the 
ethylene oxide ring of (LII), as compared with that of (LI), whose adjacent carbony 
group is equatorial. The extent to which the concerted reaction occurs indicates 
that the greater reactivity of (LI) more than compensates for the position of the 
isomer as minor component in the conformational equilibrium. 

The presence in the unsaturated ether (XLVI) of a double bond conjugated with a 
carbonyl group now suggested a new and simple possibility for the introduction of the 
required methoxyl group at C.2. When (XLVI) was treated with sodium me&oxide 
in methanol, it was smoothly transformed into the methoxy ether (LID). The 

LIU LIP 

stereochemical factors attendant upon this change require comment. There was no 
doubt that methoxide ion would attack the molecule at the convex face, since the 
hindrance to access from the alternative direction which is present in all cis decalin 
derivatives was in this case rendered even more formidable by the 3,s oxide bridge. 
On the other hand, discharge of the resulting anion (LIV) by a proton could u priori 
occur to give either oftwo isomers. Since the reaction was carried out under conditions 
which would in all likelihood lead to equilibration, with formation of the more 
stable of the two isomers, it was necessary to attempt to estimate whether the desired 
lactone (LIII), or the isomer. (LV) would be more stable. The study of models 
pointed very strongly in one direction, but did not permit a conclusion of the rigorous 
sort which could be made, for example, in the case of the lactone (XIII). Thus, in 
the lactone (LIII) Ring E must assume the boat form. Further, it was possible, 
albeit with much strain, to construct models of the lactone (LV) with both carbocyclic 
rings in the chair conformation. Consequently, it was desirable to call upon generalized 

LS? LPI 

experience, which indicates that five-mambmd lactone rings fused to a six-membered 
ring are in all simple cases fat more stable when the ring fusion is cis than when it 
is truns. Since our lactone was a very stable one, and we could discern in its moiecule 
no special factors which could confer special stability on a tmu fused bicydic lactone 
system, we were confident that the substance had the desired stmcture (LIII). This 
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lactone of the strwctur: (LVI); dearly the formation of the new tIvc+membered 
lactone ring of (LVI) requires that ttba ether oxygen atom and the la&one carbonyl 
group of &III) be on the same side of the molecuk. 

In the methoxy ether &III) we now had a sroon4.6 and relatively readily available 
. 
~~contajaain%all~eof~~~OBFbOlZ8tOt98ofEEineEofrescrrpine, 
properly oriented. Upon &ding that the carbon-carbon doubIe bond of the ether was 
markedly resistant to attaEL by bromine, we now foresaw the possibility of preparing 
that intermediate by a process even simpler than that &st described. The considerations 
advanced above suggested that just as a 2,3 oxide sin the five-membered la&one series 
was susoeptibie to wncerted cleavage, so a double bond at that position should be 
susoeptible to attack by an electron-deficient reagent with concerted intramolecular 
release of the electron deficiency in the resuIting intermediate by the hydroxyl group 
at C.5 (cf. LVII, arrows), and indeed, when the simple doubly unsaturated lactone 
(XXXIV) was treated with bromine, preferably in an inert solvent, but even in methanol 
solution, the bromo la&one (LVIII) was produced. Not surprisingly, whea the latter 
was treated with sodium m&oxide in methanol, dehydrobromination occurred 
readily, and methanol was added to the double bond of the resulting conjugated 
la&one (XLVI), to give directly the familiar methoxy ether (LIII). 

Br 

LYU LKUI LIX 

We next turned our attention to m4Gcation of the upper qing of the inter- 
mediate (LID). While the daulwe bond in t&t subotaacx was not attacked by bromine 
in chloroform or acetic a&d at room temperature, aqueous N-bromosuc&imide 
in the presence of &&tic acid at 80” readily converted the unsaturated ether to 
the bromohydrin (LIX). The &ructure of the bromohydtin was assigned on the 
following basis: (i) The conformation of the unsaturated ether is one (LX) in which 

w.___g@ M____@.Br 
LX LXI 

positive bromine. (iii) 
hypobromousaoidaddioiaa 
trurI5bromohydrin (=I). 

rsin&tedattheamvax 

tran&ion state 
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related to a bromohydrin (LXII), in which Ring D is converted to a boat confor- 
mation. In addition to the usual fadtors which render boat-like species energetically 
unfavorable relative to alternative chair forms, it may be noted that in the case at 

hand, themethine hydrogen atom at C.2 would offer special obstruction to the processes 
ny for the formation of (LXII). 

The bromohydrin (LIX) was smoothly oxidized to the corresponding ketone 
(LXIII) by means of chromic acid in acetic acid. We now hoped that the attack of 

y Br e:Zn 

z”:-cy$ Hs 

O’MC Ok 

LXUI Lxnz 

a metallic reducing agent upon &XIII) would bring about reductive cleavage of the 
carbon-oxygen bond at C.8 (cf. LXIII, arrows),* as well as removal of the bromine 
atom and elimination of the 3,5 ether bridge (cf. LXIV, arrow&t with formation 
of the unsaturated keto acid (LXV). In the event, when the bromo ketone was treated 

\ 

% 

,$ Ii 
H H 

UOOc : : 
Hi A 

Ok= 

LX52 
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for a very short time with zinc in aqueous ac&ic a&& acidia produ@.s were obtained, 
whose ukwiolet &sorption in&a&d afiaratly th&t the, de&& un&uraU ketone was 
present, but it was also apparent from the intensity of the abmyticm that substantial 

H 

over-&u&ion to the saturated keto acid (LXVI) had occur&. On the other hand, 
when zinc and &a&l act& acid was used, the d&xd unsaturated keto acid was 
formed very smoothly.+~t 

stlwtm(xvi)waafannsd. Tbia~nrajrbpvs~t~~redgctivsdocmyoof~to(xiv). 
followed by hydrolytic rearmgomont of the a-bromine atom (xiv + xv)* and oIimin&on of the 3.5 oxide 
bridge. 

xiv 

xvi 

xvii 

m L. F. Fieaor and M. A. Romero 3. Amer. t&m. Sot. 7!5,4717 (1953). 
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With the obtention of (LXV) our primary objeotive of pmparing an intermediate 
of the general typi (III) was completed. After conversion of the -ted keto 
acid to (LXVII) by csterification and acetylation, we were ready to effect cleavage of 
Ring D, with the ejection of C.6. Although ring cleavrige could no doubt have been 

OMe O'Me 

brought about directly through thi use of one of a number of oxidizing agents, we 
chose to proceed with circumspection, and converted the unsaturated ketone first 
into the diol (LXYIII), through reaction with aqueous .osmium tetroxide, followed 

Oke 

LXIX 

OAc 

Ok! 

LXXI 

OAc 

Oivle 

Lxx 

OAc 

I 
OMe 

LXXU 

by decomposition of the intermediary osmate e&r with sodium chlorate. The diol 
was then transformed directly in high yield, without isolation of the labile Ssmediates 
(LXIX:R=EI),* (LXIX:R=Me), (LXX:R=COOMe), and (LJ@I:R= 
COOMe), to the lactam (LXXII), through swcessive treatments with -us 

*Itnuybenotsdthattbelldebydegoapis~j~tto~u~csntco,butiseq~~uld 
amrquantly cmtlgudonally stable. 

2 
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periodic aaid and etlwd diazomthanc, condensation* with 6-~ethoxyqptaminet 
in benzene, and reduction with s&urn borokiydride in methanol. When the lactam 

O'Me 

was treated with boiling phosphorus oxychloride, it was smoothly converted into 
the quaternary cation (LXXIII), which was redmx@ directly with aqueous methanolic 

wn~QmaopllltEatsd 
reairwslllr.r~atrrorption 
of excess oiiibill. That tlla 

apo&ionoftheindolonucicwwassbovmhytho 
fact that prcci8oly sinlillu phonoBloBa wwo obsonwl in the condo¶MtioIl of the sllb8titutod tryptaminc 
doriwttivo (xviii) with ald&ydo~ Quito LOSS&& the nccondq reaction involvos addition of the a-carbon 
atom of the aldohydo to tho carbon-nitrogen doable bond (xix - xx). 

-_!=N- - 

I 
-C-NH- 

--! -CHO 

xviii xix 

t64sswtomiaehubemprapued 
bawbyanmvsynfheds: 2-NhwaUdhc 

NH2 

xxi xxii 

fivm acid rolution, was cosldons&~with nit- and the tsRihingcu_nittor (xxiii) WIIl rodusxd. 

Me0 H 

. . . 
xx 111 xxiv XX” 

* 5. Akabozi and K. Saito A&r. Duck. Chem. Gu. Ba,22+5 (1930). 
u Cf. M. B. Spector and W. C. Anthony J. Amer. Chem. Sot. 76,620E (1954). 
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sodium borohydride to dl methyl-O-acetyl-iserpate (LXXIV).* It will be noted 
that that product is the expected one, whether the stereochemical sense of the reaction 
is subject to steric or thermodynamic control. Thus, attack at the convex face of the 
D/E ring system will place the newly added hydrogen atom at C.3 on the same side 
of the molecule as the bridgehead hydrogen atoms. Further, of the two possible 
isomers which might be formed on the creation of a new asymmetric center at C.3, 
(LXXIV) is the one in which all of the large groups attached to the D/E ring skeleton 
are equatorially disposed (cf. LXXV). 

‘Only one major task now remained-to effect inversion at the newly created 
asymmetric center, C.3. It was well known that a reaction path was available for 
isomerixation at a center so located, through treatment with acid,? but it was clear 

* We were first able to ascertain that the synthetic ester in fact possessed the strut &XXIV) through 
comparison of it8 infrared qxctrum with that of a sample of I methyl-O-acetyl-hreserpa* prepared 
from reserpine.“ Further, the race&c ester was readily resolved, using di-ptohyl I tartaric a&& and the 
resulting synthetic hemrotatory ester was found to be identical in all respects with material from natural 
sources. 

The availability of I methyl-O-acetyl-hxeserpate from natural sources was also of much value in that it 
permitted us to pilot the experiments described in the sequel with relatively accessible optically active 
intermediates, at a time_when the corresponding racemic synthetic compotmdr were in short supply. 

t The fact that invemions at c.3 in tetrahy drocahlines (xxvi) can be brought about by vigmm~ treat- 
msntwithacidsiswells9tpbli~thoughthemechanismofthechangaginvol~isnotJear. Onepossibility 
is that the indole ring is reversibly protonated at C.7, and that the resulting cation is reversibly deprotonated 
at C.3 (xxyi sr: xxvii e xxviii). Alternatively. Wenkert and Liu’b have ~uggeated the reversible change 

xxvi xxvii 
. . 

XXVlll 

xxix xxx xxxi xxxii 

(xxix *xxx). Still another possibility lies in protonation at C.2, to give (xxx& followed by reversible 
ring cleavage to (xxxii). 

U H. B. MacPhillamy, C. F. Huebner, E. gcldittler, A. F. St. And& and P. R. Ulshafer J. Amer. Ckm. 
SOC. ?7,4335 (1955). 
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thec~lockingofllingeD~E,taw~~~atC.3wouldboxiol,and 
thatcentcrshouldth6nbc to imef%iml. o&r axperkce with Qur bkyak 
inteimadiatbs was c&&y oftbemanzterinwb@bsuchacmformatio~ 
change to a normally mfavorabk state could be brought abo* and WC set about 
to prepare the lactonc (LXXMI) of &nwmrpic acdd. Tbe ester @XXIV) was 

LXXYUI Lxxrx 

portion of ace&c anhydride in hot xylem. Furtim, as expe&d on the basis of the 
argument set out &ove, the @tone @XXVIII) was substantially qua&tativ&y 
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isomer&d by pivalic acid* in boiling xylene to dl reserpic acid lactone (LXXIX = 
LXXX). Following known reactions~ in the natural series, the latter was converted 
by methanolysi to dl methyl reserpate (LXXX& and thence, by treatment with 
3,4,5-trimethoxybenzoyl chloride in pyridine, to ‘dl reaerpine (LXXXII = II). 

LXXXI LxxxI[ 

The racemic reserpine thus obtained was readily resolved by taking advantage 
of the high crystallinity and low volubility, in methanol, of 1 mserpine d camphor- 
IO-sulfonate. The infrared and ultraviolet spectra of the synthetic I reserpine were 
identical in all respects with those of the natural alkaloid. Other properties of the 
synthetic and natural bases are summarized in Table 1. 

TABLE1 

M.p. (vat.) I [ag* (CHCr, c = l-08) 

drc$orpino 260&262~0” (kc.) 
l==@=(sptbetic) 2863-2883° (f&c.)* -11200 
rrcserpim,(=tmw 2wo-285~0° (dec.)* - 118’ 

l Mixture m.p. 2W5-286~S” (de) 

EXPERIMENTAL 

Melting points, unless otherwise stated, were deWmined on a micro hot-stage. 
Those marked “(WE.), were taken in evacuated Pyrex cap&q tubes; the melting 
points observed for reserpine, and many related subsumces, are higher, sharper, 
and more reproducible, when observed in WCIW, than when taken on the hot-stage, 
or in open-ended capillaries. Ultraviolet spectra were measumd in ethanol solution. 

Infrared meaaumments were used for control purposes throughout this investi- 
gation, and spectra of all pure substances pmpared were de&mined. Spectra are 
ordinarily recorded here only for substance8 in the main line of the synthesis. In each 
case, the abscissa is plotted in wmre Zengths (2-12 p), and the ordinate inper&n&rge 
tpnmissidn (O-100 per cent). For other substances, pertinent features of the spectra 
are described textually where desirable. 
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synthesis of knethoxytryptamitse 
2-Nitroanisd&b*. Thb folk~wbkg sfWi~ of formaldoxime (10 par Gent) was 

prepared. Parafo .(69 g) and hydroxy&&ne hydro&loride (158 g) were 
heated with water (1020 cm*) until a clear solution was obtained. Sodium acetate 
(306 g) was then added, and the reaction mixture was kept under gentle reflux for 
15-20 min. The solution was cooled to 10’ and 6 g of sodium sulfate, 375 g of 
copper sulfate and a solution of 990 g of sodium acetate in 1080 cma of water were 
added. To this solution of formaldoxime, in a 12 1. three-necked flask, was added 
an ice-cold solution of 2-nitro4methoxybenxene diazonium chloride which had been 
prepared in advance, as follows. 2-Nitroanisidine (252 g) was suspended with stirring 
in a mixture of concentrated hydrochloric acid (342 runs), water (300 cma), and 
ice (600 g). A solution of sodium nitrite (105 g) in water (150 cm”) was added slowly 
at O-5”. The dark-red solution was filtered through glass wool, and a solution of 
sodium acetate (185 g) in water (310 cma) was added until the mixture was neutral 
to Congo paper. This solution of 2-nitro4methoxybenzene diazonium chloride was 
added below the surface of the formaldaxime solution, with vigorous stirring. The 
oxime of 2-nitroanisaldehyde was precipitated as a dark-brown tar which slowly 
coalesced into one large lump. The nitrogen liberated during the reaction tended to 
cause heavy foaming. Stirring was continued for 1 hr after the add&ion was complete. 
The mixture was then acidified to Congo with concentrated hydrochloric acid. The 
supematant liquor was decanted from the tarry oxime, to which ferric ammonium 
sulfate (1800 g) and water (3 1.) were added. This mixture was heated under reflux 
for 40 min, and then distilled with steam. The 2-nitroanisaldehyde separated from the 
distillate on cooling. The first fraction of distillate usually contained a considerable 
amount of m-nitroanisol (orange-yellow, m,p. 38”), which was separated from the 
desired aldehyde via bisulfite treatment. The steam distillation was continued until 
no more aldebyde separated from the distillate. The aldehyde was then collected, 
washed with water, and dried. One hundred and seventy grams of 2-nitroanisaldehyde, 
m.p. 95-%“, were obtained. For analysis the aldehyde was recrystalhzed four times 
from chloroform/petroleum ether, m.p. 95.5-96”. 

And. Calcd. for CsH,O,N: C, 53.04; H, 390; N, 7.73. Found: C, 53.30; 
H, 4.19; N, 7.68. 

The 2,4&itrophenyLhydranme, cq&&ed once from glacial acetic acid/ethanol 
(2 : 1) and three times from nitrobenzene, mebed at 222-223”. 

And. Calcd. for C,&O,N: C, 46.54; H, 307; N, 19.39. Found: C, 46.80; 
H, 3.08; N, 19.63. 

2&Dinitro-4methoxystyrene. A mixture of 2-nitroanisaldehyde (10 g), nitro- 
methane (10 ems), ammonium acetate (4 g) and glacial acetic acid (41) cm”) was heated 
under reflux in an atmosphere of nitrogen for 2 hr. The hot dark-red solution was 
slowly poured into 200 on+ of ice water with vigor<rus stirring. The styrcne was 
precipitated as an oily brown material which slowly solid&d. The mixture was 
stirred for 3 hr and then Wered. When the filter cake was washed well with water 
and dried in vucuo, 11 g of amorphous brown crude styrene were obtained. The 
material was dissolved in chloroform, washed once with saturated sodium bisulfite 
solution, twice with saturated brine, and dried over anhydrous sodium sulfate. 
It was then heated under r&m for a few minutes _tith Norite and filtered through 
Mite. The filtrate was concentrated to a small volume and petroleum ether was 
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added to bring about crystallization of the product. After 2 hr at room temperature, 
8 g of 2&dinitro4methoxystyrene, m.p. 103”, was collected. For analyGs the 
substance was recrystalhxed four times from chloroform/petroleum ether, appearing 
as beautiful long yellow needles, m. p. 103-104”. 

Anal. Cakd. for C,H,OsN,: C, 48.22; H, 360; N, 1250. Found: C, 48.30; 
H, 3.59; N, 1253. 

6-Methoxyindole. 2,@initro4methoxystyrene (25 g) was dissolved in ethyl 
acetate (281 cma). To this solution, 31 cm* of ethanol, 35 cma of glacial acetic acid 
and 2.5 g of palladium/charcoal( 10 per cent) were added. The mixture was reduced 
with hydrogen under a pressure of 50 lb/in *. The consumption of hydrogen was very 
rapid, and the reaction strongly exothermic. When the reduction was complete, 
the mixture was filtered through Celite. The filtrate was added with stirring to a 
mixture of ether and saturated sodium bicarbonate solution. The two phases were 
separated, and the ether phase was extracted several times with water to remove 
ethanol, acetic acid and ammonium acetate. The ether solution was then dried over 
anhydrous sodium carbonate, and concentrated to approximately 30 cm3. When 
petroleum ether was added to the concentrate, crude 6methoxyindole was precipitated 
as a brown crystalline mass which was collected after 2 hr (11 g). The crude indole was 
dissolved in ether, and the ethereal solution was filtered through a column of 75 g of 
basic aluminium oxide (Merck, activity I). The fltrate was concentrated to a very 
small volume and petroleum ether was added. Pure, almost colorless 6-methoxyindole 
(9 g), m.p. 91”, crystallixed readily. For analysis the substance was recrystalhxed 
three times from petroleum ether, m.p. 91-92”. 

Anal. Calcd. for C,H,ON: C, 73.45; H, 6.16; N, 9.52. Found: C, 73.53; 
H, 6.34; N, 9.51. 

Ultraviolet spectrum: AA,_ 220 rnp (E 29,100), 267 rnp (E 4100), 292 rnp (E 5370). 
,f?-6-Methoxyinablyl-glyoxylic acid chloride. 6-Methoxyindole (20 g) was dissolved 

in anhydrous ether (400 ems) with shaking. Oxalyl chloride (20 cm*) was gradually 
added at 00. The bright-red product crystallized readily. After 30 min at O”, it was 
collected and washed liberally with ether. Twenty-nine grams (90 per cent) of the 
chloride, m.p. 125-128” (dec.) + 150-165”, were obtained. 

Anal. Calcd. for C,HsOsNCl: Cl, 1490. Found: Cl, 14.36. 
#?-6-Methoxyindolyl-glyoxylic acid amide. p-6Methoxyindolyl-glyoxylic acid 

chloride (29 g) was added gradually with vigorous stirring to 500 cm8 of concentrated 
aqueous ammonia. Reaction took place instantaneously with formation of the yellow 
amide. After the addition was complete, stirring was continued for 30 min at 40-50”. 
The mixture was then cooled to lO-20°, and the product was collected (24 g, 90 per 
cent). For analysis the amide was crystalhxed four times from tetrahydrofuran/ether 
m.p. 258-259”. 

Anal. Calcd. for C,H,,OsN,: C, 6054; H, 4.62; N, 12-84. Found: C, 
60.54; H, 4.66; N, 12.82. 

6-Methoxytryptamine. p-6_Methoxyindoly!-glyoxylic acid amide (2Og), dried 
in high vacuum, was dissolved in 600 cm* of anhydrous tetrahydrofuran under gentle 
reflux in a 3 1. three-necked flask equipped with stirrer, reftux condenser, and dropping 
funnel. The entire reaction was carried out in an atmosphere of nitrogen. To the 
solution of the amide, fresh lithium ahrminium hydride (20 g) slur&d in 400 cm8 of 
anhydrous tetrahydrofuran was added carefully in small portions. The orange-red 
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. Thelu!a@ti~llV~Wasthen~ 

hydroxides foimed large lumps. T&e lbninture was &kad thnmgh C&e and the 
Ii&r cake w?s washed with 1 kg of mt&ylenc &l&de. The f&rate was extracted 
with a total of 1.41 of 10 per cent aqueous acetic a&i, in four poztic~ The acetic 
acid extraot was co~trated somwhat in vacua to ramwe organ& solvents. It was 
then refluxcd for 5 min with Nori@ m&r n&r-; fkked through C&e dire&y 
onto ice, made alkake witi sodium hydroxide,~and extra&& several times with 
methykne cblozkle. The mylane chloride exmt was wa&ed twiae with saturated 
brine. and dried OVET anbydrous p&s&m carbonate. When the solvent was re- 
moved, 11 g ‘(63 per ant) .?f crude crystalline &M-e wdtre obtained. 
For puri&ation, the base was diss~lvtd in a mali qw-mnt of n&ham&and brou&t to 
boil. The boiling me-1 was then g&~&y dispm by hot We. When 
the mixture wan co&d, the pure 6-m@hoxytr@a&~ cry&Wed in beautiful siJky, 
almost colorless, nesdles, m.p. 142”. For analysis the base was crystalliz& t.hm.e 
times from aqueous m&ha&, m.p. 140-1~41”. 

Anal. Calcd. for C,H,coN,: C, 6944; H, 7.42; N, 14.73. Found: C, 69.24; 
H, 7.56; N, 14.80. 

Ultraviolet spectrum: & 224 rnp (e 3&W), 274 rnp (8 462O), 293 rnfi (a 5580). 
The carresponding hj&acMorkle, twice crystallked from etbanol/&her, m6lted 

at 221-223”. 
Anal. Calcd. for &H,,ON,.HCl: C, S&27; H, 6.67; N, 12.35 ; Cl, 15.64. 

Found: C, 58.27; H, 691; N, 12.32; Cl, 15.47. 

Cis-5, 8-&eto-l,4,5,8,9,XMex&~kkne-l-c&oxylk &d (TV: R = H). 
Vinylaefyk acid is a se&tive , whwe isohLtion in Wteisattendad 
by severe losses. Further, the pare CaWtbekBptnmFe adkertthebefm 
seriolls~un~in. Inthem circums~,wefowkdit~veni&tousea 
freshly pmpared crude sol&ion of v&~+erylic acid for the addition reaction with 
q&one. It should be mentio&, however, that rua&ons on a s&l W, using pure, 
isolated, vinylacrylic acid, gav@ the adduct (Iv) in 
betterthanthatdeWribadklow. Th,f&owing 
vinylacrylkaGid&Mionis~~aRcrthat 

Tha eontition of aeidwithae@ainwas.carricdoutinthreeiden#ical 
Xparatebatches. Ine;tleh,3X100gofmPlonicaoid~aBdcd~tae51.of~ 
(t&&a& contain@ @5 par.mt of water) wtth vipoua stirring. A@er about 40 i&n 
the major part of the mal~nic acid had dissolved. The mixture was k cooled to 1Q” 
inaniC6001dbsth,and1339gofacFoltin~~atweba~~ttheasm- 
perawe did not exceed 12”. TheadditionwasccnnpWinabout9Omin; stirring 
~08’ then contim& for 3 s&r a# 0" an4 subra#lpisrgtay for 5 hr at M-40’. (The r&kc&m 
mixtureisvery vlrcsusatO”Bad~fjaifiymbzlllcat35-#?.) At.tt8sendofthe 
stifiing~~,the~ba~wanoom~aad~ad&dto131.ofa50 
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per cent (v/v) aqueous solution of sulfuric acid at -5“, with stir&g, and at such a rate 
that the temperature did not exceed 15-20”. The mixture, which was acidic to Congo, 
was filtered through C&e. The clear yellow @&ate was extracted six thnes with 
ether(threetimeswith7~andttveetimeswith3gate9ch). Theetherextracts 
were twice washed quickly with water, dried over anhydrous sodium sulfate, and 
concentrated to 3 gal. Six gallons of benzene were then added, and the mixture was 
again concentrated to 3 gal. 

Three and one-half kilograms of quinone (Eastman Kodak Pra&cal, recrystalhxed 
by Soxhlet extraction with octane; if~crystalsofquinonearepresent,the 
material should be ground before use), dissolved in 2 gal of benzene, were added to 
the above benzene solution of vinylacrylic acid. The mixture was heated under refbrx 
for 3 hr, and then filtered hot (c. 45-50’). The filter cake comprised 2.3 kg of grey 
crude adduct. The benzene mother liquors were concentrated at normal pressure to 
c. 1.5 gal and again filtered hot. This second titration gave a further 700 g of adduct, 
b@k in color. The fIRrate was discarded. The combined fractions of crude adduct 
(3 kg) were dissolved under reffux in a mixture of 30 1. of pure acetone and 30 1. of 
pure methanol. Norite (450 g) was added to the clear, dark-red, solution, and the 
mixture was kept under r&x for 10 min. It was then filtered hot and under pressure 
through a large-diameter titer, pm-coated with Cehte. During filtration, the solution 
was kept at about 50”. The titrate was cooled to lO-15”, and 70 1. of pentane were 
added gradually, with stirring. The adduct crystahixed readily in almost colorless 
small prisms. The mixture was stirred at 10-15” for 3 hr and then f&red. The 
filter cake was washed with acetone/pentane (1 : 2) until it did not darken on exposure 
to air. The product was then washed with pentane, and air dried. Yield: 2 kg, 
m.p. 215-225”. 

The adduct could be recrystahixed readily by addition of pentane to its solutions 
in acetone, ethyl acetate, chloroform, or acetone/methanol mixtures, or from tetra- 
hydrofirran/ether. After two crystallizations from the latter solvent, the air-dried 
material had m.p. 223-229”. Although no sharp-melting sample of the adduct was 
ever obtained, a fourteen-plate counter-current distribution of onceGtystalhzed 
material, m.p. 215-225’, using 70 per cent aqueous methanol versus chloroform/ethyl 
acetate (1 : 18) revealed no sign&ant amount of any contaminating substance. 

For analysis the adduct was twice crystallimd from water, m.p. 215-225”. 
Anal. Calcd. for CuHIOO,: C, 64.07; H, 4.89. Found: C, 63.91: H, 5a 
Ultraviolet spectrum: &_ 224 rnp (E 11,300) and 355 rnp (E 71). 
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The methyl ester (IV : b = H’) was pmpxl either by methyhukm of the acid 
adduct(IV:R=H)with or by reaction of quinone with methyl 
vinylacrylate. Neither of these m&hods ku3 investigated extensively with a view to 
determining optimum conditions. 

Method (a). Two grams of the- adduct (IV : R = II) were dissolved in ‘50 cm8 
of methylcellosolvc and treated on O-5’ with 1.2 moles of ethereal diazomethane 
solution. The reaction mixture was allowed to stand for 15 min at 0” and then for 
2 hr at room temperature. It was then evaporated to dryness in vacua. When the 
residue was extracted several times with boiling ether, 300 mg of crystalline starting 
material remained undissolved. The combined ethereal extracts were shaken with 
ice-cold sodium bicarbonate solution, dried with sodium sulfate, and takeu to dryness 
in vacua. When the residue was crystallixed from ether, 910 mg of thick glassy prisms 
of the desired ester, m.p. 103-NW, were obtained. For analysis this material was 
dried for 5 hr at 60” in high vacuum. 

Anal. Calcd. for C,H,,O,: C, 6544; II, 5.59. Found: C, 65.07; H, 5.57. 
Ultraviolet spectrum: &_ 223 rnp (E 10,670). 

When the mother liquors from the above preparation were allowed to stand, a 
considerable amount of cry&a&e n&trial separated. When this was washed with 
benzene and cry&&i& from methanol, it had m-p. 168-l 70”, and was shown to be the 
aromatic ester (VI) (see below).’ 

MetW (b). Methyl vinylacrylate, b.p. 57-58’/25 mm (ng l-4797), was prepamd 
by esteri&ation of crude vinylacrylic acid, obtained by evaporation of the benzene 
concentrate, whose preparation is described above, by boiling in methanol containing 
sulfuric acid for 3 hr. A sample of the ester so obtained (63 g) was heated under rellux 
for 10 hr with 70 g of quinone in 200 cma of benzene. The reaction mixture was then 
shaken successively with aqueous sodium bisul&e and dilute aqueous potassium 
hydroxide. During the last of these separations, .34 g of a colorless solid, ‘m.p. 
120-125’, separated, which was crystalhxed from acetone/ether, m.p. 125-126”. 
This substance was shown to be a molecular compound of the d&red adduct ester 
(IV: R = Me) with hydroquinone. 

An&Z. Calcd. for CrsH1sO&HsOs: C, 6544; H, 550; OMe, 9.4. Found: 
C, 65.24; H, 5.63; OMe, 10.58. 

The ultraviolet and inframd spectra of the substance were composites of those 
of hydroquinone and the ester (IV: R = Me). When the material was dissolved in 
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methylene chloride and shaken with ice-cold dilute aqueous potassium hydroxide, 
the ester (IV: R = Me) was recovered from the methylene chloride phase. This 
procedure for the separation of the components was attended by considerable loss, 
and undoubtedly does not represent the best method for recovering the desired ester 
from the molecular complex. 

The filtrate from the separation of the molecular compound was further washed 
with dilute aqueous potash, then with water, driedover sodium sulfate, and evaporated. 
When the residue was dissolved in benzene and allowed to stand, 13 g of the aromatic 
ester (VI), m.p. 170-172’, separated. After removal of this material, the filtrate was 
concentrated in vacua, dissolved in ether, and seeded with a specimen of the ester 
(IV: R = Me). Overnight, 10.2 g of the ester (IV: R = Me), m.p. 98-103”, 
separated. 

5,8-Dihydroxy-1,4_dihydrbnaphthoic acidrnethylester (VI). The adduct (IV: R = 
H) (500 mg) was suspended in 4 cm3 of methanol. The reaction mixture was saturated 
with hydrogen chloride at 0”, and allowed to stand overnight. The solution was then 
taken to dryness in vacua, and the residue crystalked by trituration with ether. 
Recrystallixation from methanol/ether gave colorless needles, m.p. 168-170”. 

Anal. Calcd. for CisH,O,: C, 6544; H, 5.50. Found: C, 65.09; H, 5.66. 
Ultraviolet spectrum: LX 210 m,u (E 7090) and & 294 rnp (E 3710). 
The infrared spectrum (CHClJ displayed sharp phenolic hydroxyl absorption 

at 3.00 ,u, and an ester band at 5.83 p. 
5,8-Diketo-1,4,5,6,7,8,9,10-octahydronaphthoic acid. When the adduct (IV: R = 

H) was reduced with zinc and acetic acid, the conjugated double bond (A%‘) was 
reduced. The adduct (IV: R = H) (2 g) was dissolved in a mixture of 40 ems of 
acetic acid and 20 cm8 of water. Four grams of zinc dust were added with stirring 
over a period of 10 min, and the stirring was continued for a further 15 min. The 
zinc was then removed by filtration, and the filtrate was concentrated in vacua to 
about 4 ems. The material which separated was dissolved in chloroform, filtered 
from some insoluble matter, and concentrated to dryness. Crystallixation from 
chloroform gave 860 mg of crystalline solid, m.p. 154.5-158”. After recrystallixation 
from acetone, the melting point was 159-160”, and was not elevated by further 
recrystallixation. 

Anal. Calcd. for GH,sO,: C, 63.45; H, 5.81. Found: C, 63.03 ; I-X, 5.95. 
This compound showed no high intensity absorption in the ultraviolet above 

210 rnp. 
The infrared spectrum (CHCl$ in the carbonyl region possessed only a single 

rather broad band (& 5.85 p). 
Acetylation of the adduct (IV: R = II). The adduct (IV: R = II) (100 mg) was 

dissolved in 6 cm* of a solution of acetic anhydride containing 3 per cent of acetyl 
chloride, and allowed to stand at room temperature for 7 hr. The reaction mixture 
was then taken to dryness in vacua at 70”. The crystalline residue was washed thrice 
with cold ethanol and recrysmllixed three times from acetone/ethanol. Thirty-five 
milligrams of the mixed anhydridiz (XI) were obtained as fhie colorless needles, 
m.p. 120-122”. For analysis, the material was dried for 6 hr at 60” in high vacuum. 

Anal. Calcd. for C,H,Os: C, 62.90; H, 4.87. Found: C, 62.79; H, 5.18. 
Ultraviolet spectrum: -LX 224 rnp (e 8970). 
The infrared spectrum (CHCl& possessed bands at 548,568 and 5.90 p. 
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O-pfhhstw-t(IV: R=bdn)by~,&d. Tiiemad.&t 
rwttrc&tMwitb4om’ 
ithad’aitooafor2iohr 

and SadiuIln bkarbonate. 
~WGUO. wbantheresidue 

&de @I#), m.p. 13&13!P, 
wa8cry&t&aedfvlthor 
high vacuum for 5 hr. 

Anal. Cakd. for C&E&O,: C, 61.01; H, 5.12. Found: C, 61a; H, 5.25. 
Ultraviokt s-m: & 221 m,u (e 10,380). 
The infrared spectrum (CHCl& posstoeed bag& at 5.73 and MO cc. 
Hy&oxyJ&W#’ of the odd? (VW). The oxide (WI) (issomg) was tLre&d with 

50 an8 of a so’ultion prepared by sha&ing 3 cm8 of perh~l(30 per cent) with 
1OOcm*ofetheraaddryingwMlaodi~sul8aao. Afteradditionof2ucm~ofbenzW! 
to b&g the oxide into arolW&m, SO mg of osmium t&oxide in 5 cm* of ether were 
added. AfIer standing for 37 hr at room BGmpereture, the solution had -ted 
well-formed crystals whkh were removed by f&ation and washed with ether. When 
the mother liquor ww t&ken to dryn~s in uucw and the r&due triturated with acetone, 
further crystalline material was obtained @atal, 335 mg).. Aftor three recrystalli- 
zations from acetone, the diol (VIII) was obta&d Iup elongated colorksa prisms, 
m.p. 159-161’ (kc.); it was drkd for anal+ for several hours at 80” in high vacmam. 

Anal. CM. for C&H&,: C, 53.33 ; H, J-22. Found: C, 53.61; H, 5.53. 
This compound sbowed no intense ultraviolet abuorption above 210 mp. 
The i&ared spectrum (RI) posse& ban& at 2-95, 5.75 and 5.80 p 

Preparation of tke dihydio d%wt (XII). The aixmwnbered lactose series 
Cis-5-lrydLoxy-8-keto-1,4,5,8,9,!0~~ acid (MI). Thme hundred 

gramsoftheadduct(rv: R= EE) were aturrkd with 2MlO cm* of water, and 
cooled in an ice bath. One hundred and twnty-three grams of sodium bicarbonate 
dksolved in 2000 cm* of water were then added &wly. A thin kyer of ethyl acetate 
was maintained on top of the redWian mixtme to prevent foaming. When nearly ali of 
the adduct had dissolved, 35 g of sodium borobydride, dissolved in water, were added 
in portions, and the mix- was then stirred for 15 min. Ethyl acetate (loo0 cm3 
was then added, and the solution was acid&d to Congo with 20 per cent aqueous 
sulfuric acid. The acidic solution was seuded with a mpk of the dihydro Mvative 
(XU) and s&red at 0’ for anatber 30 min. The product wbioh -ted was removed 
and washe+ with c. 2000 cma of water. Af& having krsn drkd, this crude material 
weighed 220 g. Ethyl acetate (SOOczu~ was then add& to the mother iiquons, and the 
two phases were separated. The da&?c&r@d organk phase was disGar* and the 
remaining aqwow liquor w extra@d t&e@ times with ethyl acetate. The combined 
extracts were waabed &vi& W&h satumted &dimxn &lo&k soh~tion, and drkd over 
anhydrous sodium suT%ate. When thk extra&~ emx~ntrate& and treated with ether, 
a further 20 g of the dih+ adduet sepa&t&. To&l ykld: 24Og (80 per oent). 
For anal* the ‘dihydro derivative was crystruzzlzud three t&a fern aqmus methanol, 
m.p. 179-18Y. 

Anal. C&d. for C&I+,: C, 63.45 ; H, 5.81. Found: C, 63.47 ; H, 6.0% 
The ultr&olrit +&ram of (XU) &owed 08@ emi abeo+tkm (*, SMJO). 
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The corresponding m&yl ester &XXVII) was prepared by the action of diazo- 
methane upon (XII). The latter (5 g) was dissolved in 50 cm! of anhydrous dioxane. 
One mole of diazomethanc in ether was added at O”, and the solvents wera removed 
in vucrw; the temperature was not abowed to rise above 30”. When only a small 
amount of dioxane was left, ether was added, and 35 g of the ester @XXVII) 
crystallized readily on scratching. For analysis the ester was recrystalliz& four 
timv from acetone/ether, m.p. 93-94’. 

And. Cald. for CisH,,O,: C, 64.85; H, 6.35. Found: C, 6457; H, 6.48. 
Ultraviolet ‘sm: ;Imu 215 rnp (e 7200). 

When attempts were made to effbct esteriflcation of (XII) with methanol in the 
presence. of acid catalysts, even under very mild conditions, non-crystalline products 
ware obtained, whose ultraviolet spectra indicated clearly that aromatization had 
occurred to a considerable extent. 

Cis-5~y&oxy-8-kef~~~y~M~~~ic acid oov). The djhydro derivative 
(XII) (5 g), dissolved in 250 cm* of glacial acetic acid, was shaken under hydrogen 
in the presence of 025 g of prc-reduced palladium-barium sulfate catalyst. In 2 hr 
2 moles of hydrogen had beem absorbed, and the consumption of hydrogen had 
ceased. When the residut, after removal of catalyst and solvent, was crystalbzed 
from ethyl acetate/ether, 4*7 g of cx+lhna hydroxy acid (XIV), m.p. 147-14P, 
were obtained. The analytical sample, obtained by crystallization from acetone/ether, 
had m.p. 153-155’. 

AMY. Cakd. for C&H,O,: C, 62.25; H, 760. Found: C, 62.08; H, 754. 
No high intensity ultraviolet absorption above 210 mp was observed. 
The corresponding methy esrer was obtained by treatment of (xn3 with diazo- 

methane. The ketohydroxy acid (XIV) (4.5 g) was dissolved in 200 ems of absolute 
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dioxane. The solution was cooled to 15”, and 60 cm3 of ethemal 1.9 per cent diaxo- 
methane solution were added. The solvent was then removed in vucuo at 40”. When 
the residual oil was crystalhned from ether acetate/ether, 4.2 g of the ester, m.p. 
115-l 18”, were obtained. Further crystal&&ion from acetone/ether raised the 
melting point to 125-126”. This substance was converted into an acety2 deriuutiue. 
The ester (4 g) was dissolved in absolute pyridine (20 cm*) and acetic anhydride 
(15 cnP): ‘The reaction mixture was allowed to stand at room temperature for 15 hr, 
and then concentrated to dryness in vacua The residue was dissolved in chloroform/ 
ether (1 : 3) and washed twice with 2 N hydrochloric acid, twice with aqueous sodium 
bicarbonate and finally with saturated sodium chloride solution. The dried solvent 
was evaporated in tracao, and the residue crystallized from ethyl acetate/ether. The 
acetyl deriwtive (4 g, 85 per cent), was obtained as colorless prisms, m.p. 128-129”, 
raised to 129-130° by further crystallimtion from acetone/ether. 

Anal. Calcd. for C,,Hs,,Os: C, 62.67; H, 7.51. Found: C, 62.93 ; H, 7.49. 
The satwuted luctone (XV). The hexahydro derivative (XIV) (1 g), sodium 

acetate (0.2 g), acetic anhydride (1 cm*) and benzene (20 cma) were heated under 
reflux in an atmosphere of nitrogen for 2 hr. The cooled solution was taken up in 
chloroform, washed twice with saturated sodium bicarbonate, and then with water. 
After the extract had been dried over sodium sulfate and evaporated, the residue 
was crystallized from acetone/ether: 585 mg (64 per cent), m.p. 123-125’. For 
analysis the lactone was recrystallized from acetone/ether, m.p. 127-128”. 

Anal. Calcd. for C&H,,O,: C, 68.02; H, 7.27. Found: C, 67.41; H, 6.95. 
The infrared spectrum of the saturated lactoe in chloroform solution possessed 

a complex, not quite completely resolved, band in the carbonyl region. A potassium 
iodide spectrum, however, showed two clearly resolved bands at 5.80 and 5.85 p. 

The 2,4-dinitropheny~hydkmne of the saturated h&one, crystallized from dichloro- 
methane/methanol, had m.p. 246-248”. Its infrared spectrum possessed a single 
sharp band in the carbonyl region, at 5.79 ,u. 

An alternative method of preparing the saturated keto lactone (XV) is described 
below. 

Preparation of the transannular six-membered lactone (XIDJ A mixture of 200 g 
of the dihydro derivative (XII), 2oOcm* of aoetic anhydride, 40 g of anhydrous 
sodium acetate, and MO cma of, bennene was heated under reftux with vigorous 
stirring. The insoluble dihydro derivative dissolved slowly; in about 15 min the 
reaction mixture was a clear yellow solution containing some undissolved sodium 
acetate. After the mixture had been heated for 1 hr, it was cooled in an ice bath, 
and 2OOOcm* of ethyl aoetate and some ice-cold water were added with stirring. 
The phases were separated, and the organic phase was extracted once with ioecoid 
sodium bicarbonate. The combined aqueous phases were back-washed with ethyl 
acetate. The ethyl acetate solutions were combined, washed twice with saturated 
sodium chloride solution, and dried over sodium sulfate. When the solvent was 
concentrated to a small vohune, crystallization of the la&one (XIII) commenced. 
Ether was added, and the mixture was kept in the cold for a few hours. The crys@ine 
product was cooled and washed well with ethyl acetate~ether, and subsequently with 
ether alone : 111 g. From the mother liquors, another 10 g of the la&one were 
recovered. Total yield: 121 g (66 per cent). For analysis, the la&one was crystallixed 
once from acetone. 
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Anal. Calcd. for C,H,,Os: C, 6946; I-I, 5.30. Found: C, 69.41; H, 5.29.. 
Ultraviolet spectrum: A,, 220 rnp (e 9200). 
The infrared spectrum of the lactone in chloroform solution possessed bands 

at J-74 and 5.96 cc. 

Hydrogenation of (XIII) gave the saturated lactone (XV), whose preparation 
by an alternative method is des$ibed above. The keto lactone (XIII) (1.27 g) 
dissolved in dry dioxane (20 cm*) was shaken under hydrogen in the presence of a 
pre-reduced palladium-barium sulfate catalyst (300 mg). In 2 hr 30 min 2 moles of 
hydrogen had been absorbed and the absorption ceased. The residue, after removal 
of catalyst, and concentration in vucuo, was crystallized from ether, and gave 1.05 g 
(82 per cent) of the saturated keto lactone (XV), m.p. 126127”, identical with,the 
material described above. 

Brominatiun of the unsuturuted keto luctone (XIII). The lactone (XIII) (190 mg) 
was dissolved in 5 ems of glacial acetic acid. A solution of bromine in acetic acid 
(2.9 g bromine in 25 cm8 glacial acetic acid) was added drop-wise with cooling and 
stirring until the reaction mixture remained slightly yellow. The excess of bromine was 
destroyed with a few drops of 1 N sodium thiosulfate solution, and the solvent was 
evaporated in vucuo at 40”. . The residual oil was dissolved in ethyl acetate and the 
organic layer was washed with saturated sodium bicarbonate and water. The dried 
extract was evaporated in vucuo at 40”, and the residue crystallized from ether. 
The bromolactone (i) (268 mg) was obtained as colorless prisms, m.p. 156162”. 
For analysis the bromo derivative was recrystallized from acetone/ether, m.p. I67- 
168”. 

And. Calcd. for C,H,OsBr: C, 49.10; H, 3.37; Br, 29.70. Found: C, 49.06; 
H, 3.14; Br, 29.81. 

.Ultraviolet spectrum: & 253 rnp (E 4250). 
The infrared spectrum of the bromolactone in chloroform possesses bands at 

5.72 and 5.91 cc. In solid potassium iodide the lower wavelength. band is displaced 
to 5.78 p. 

Preparation of the ioabucetute (ii). To a well-stirred suspension of the unsaturated 
keto lactone (XIII) (3.8 g) and silver acetate (3.4 g) in glacial acetic acid (100 ems), 
finely powdered iodine (5 g) was added. Mer the mixture had been stirred for 2 hr 
30 min, a further 100 mg of silver acetate was added to destroy excess iodine. The 
mixture was then Wered through Celite, and the filtrate was evaporated in vaaw. 
The residue solidified, and was recrystallimd from dichloromethane to give 3.2.g 
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of &glatly yellow -e&J& (ii), mp. 185-ilMP (&c.)* For anal@a the substance 
was recry&G& from diehloro andwasobtainedas 
m.p. 186’ (dec.). 

AnaZ. Calcd. for Cn,Hn,OsI: C, 41.40; H, 3.49; I, 33.70. Found: C, 41.02; 
H, 3.65; I, 33.94. 

Ultraviolet spectrum: & 222 rnp (8 4m). 

Zinc redmtion of the lactone (XllI): C&-8-keto-1,4,7,8,9,ltMexaky&eqchtJroic 
acid (viii). The lactone (XIII) (1 g) was dissolved in 10 ems of warm glacial acetic 
acid. The solution was cooled to room temperature, and 3.25 ems of water were 
added. Zinc dust (2 g) was added with vigorous stirring, and the mixture was then 
stirred further for 10 min. The zinc was removed by filtration, and the filter cake was 
washed with aqueous acetic acid of the concentration used for the reaction. The filtrate 
was then poured into a large amount of ethyl acetate. The ethyl acetate solution, 
from which considerable xinc acetate had separated, was washed twice with water 
and once with saturated sodium chloride solution, and then dried over sodium sulfate. 
When the solvent was removed in MJCUO, the residue crystalhxed readily, and after 
recrystallization from ethyl acetate, 1 g of the keto acid (viii), m.p. 155-158’, was 
obtained. For analysis the acid was recry&alhM three times from ethyl acetate, 
m-p. 154-156”. 

Anal. Calcd. for CnHUOs: C, 68.73 ; I-3,6*29. Found: C, 68.93 ; H, 6.47. 
The corresponding methyl ester was formed when the keto acid (viii) (1 g) was 

dissolved in a small amount of methanol, and the cooled solution (5’) was treated 
with excess ethereal diaxomethane. The ester crystalhxed readily after the solvents 
were removed in uacuo and ether was added. For analysis the ester was recrystalhxed 
three times from ether containing a small amount of petroleum ether, m.p; 685-69”. 

And Calcd. for C;sGOs: C, m88; H, 6.84. Found: C, 69.94; H, 6.98. 
Ultraviolet spectrum: weak end absorption ,(hr 506). 
The infrared spectrum possessed a poorly resolved complex band in the carbonyl 

region, with indications of maxima at 5.78 and 5.84 ,u. 
The ester was transformed into a corresponding e@yAePre thbketa2: The ester 

(1.1 g) was dissolved in glacial acetic acid (5 ems). Ethaneditbiol (0.7 cm*) and 
freshly distilled boron trifluoride etherate (0.7 ems) were addad, and the solution was 
kept at room temperature for 1 hr 45 min. The reaction mixture was then poured 
intoa large amount of ice-cold ethyl acetate. The solution was then washed twice with 
ice-cold sodium bicarbonate, once with saturated sodium chloride solution, and 
dried over magnesium sulfate. When the solvent was removed, l-5 g of a yellowish 
oil remained. This residue was fIltered through a short column of neutral alumina 
(Woelm, activity I) in methylene chloride/benzene (1 : 1). The &st two 20~’ 
fractions of the eluate gave 550 mg and 260 mg respectively of almost entirely cry- 
stalline thioketal. The first fraction was di&led iu high vacuum(125-135° air-bath 
temperature) and subsequently mq&a&ed three times from ether containing a little 
petroleum ether, m.p. 118-l 18.5”. 

Anal. C&d. for Cr,H,sOsSs: C, 5954; H, 6.42; S, 22.75. Found: C, 59.42; 
H, 6.47; S, 23.25. 

Ultraviolet spectrum: no absorption. 
Perbenzoic acid o&d&on of the &y&o &WqttruG (xn) : CW&axiaP5-ky&q~- 

8-keto-1,2,3,4,5,8,9,lO-&ak@o@bic a&&f (MIX). ‘lb &J&O de&vat&m (XII) 
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(35 g, O-168 mole) was dissolved (by warming) in 300 c$ of dioxane. To the cooled 
solution, 320 ems of 0605 M perbenzoic a&l in benzene (0.194 mole) were added. 
The resulting mixture, which became warm, was allowed to stand at roomtemperature 
for 25 hr. When the solvent was removed in VUCUO, and the residue was treated 
with ethyl acetate, the product crystalhzed. After the residue had been triturated 
with ethyl acetate in ether, 26 g of colorless oxide, m.p. 156NY, was collected. 
Concentration of the mother liquors afforded a further 4 g of product, m.p. 150-156” : 
the total yield of the crude oxide (XIX) was 80 per cent. For analysis the material 
was crystal&red from ethyl acetate to give colorless prisms, m.p. 16CM61°. 

Anal. Calcd. for C,H,sO,: C; 58.92; ‘H, 540. Found: C, 58-86; H, 564. 
Ultraviolet spectrum: &_ 223 rnp (E 5800). 

The corresponding methyl ester (XLVII) was obtained by the action of diazo- 
methane upon the acid (XIX). The latter (20 g) was dissolved in 200 ems of warm 
anhydrous dioxane. The solution was cooled to 5“ and treated with 1 mole of 
diazomethane in ether. The solvents were immediately concentrated, Grst at atmo- 
spheric, and later at reduced pressure, to about 50 ems. After most of the ether had 
been removed, the temperature was kept below 30”. When ether was added to the 
concentrated dioxane solution, crystallization set in immediately. After the mixture 
had been kept at 0” for 3 hr, 19 g of the ester (XLVII), m.p. 130-131”, were collected. 
Another gram of the ester was recovered from the mother liquors. Total yield: 
20 g (95 per cent). For analysis the ester was recrystahized twice from acetone] 
petroleum ether and dried 6 hr at 60’ in high vacuum, m.p. 132”. 

Anal. Calcd. for C,sH,,O,: C, 60.50; H, 5.92. Found: C, 60.46; H, 612. 

I 

5 -* 1 
c*c 

L # I 1 I I I 

Lactonimtion of tk hydoxy acid (XIX): The oxidb lactow (XXVIIi). A mixture 
of the oxido acid (XIX) (15.4 g), sodium acetate (3-l g), acetic anhydride (15.5 cma) 
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The ~olnbinaa organic phases wemd&d over 
sodhm twfatfJand 4!lve to yield @aoil wlkh &uwiy mum. This prduct 
was l&am&d %vi& e&y1 i&ate*& @tared to yield S-8 g (41 ,pcl c&m) of the ketone 
(XXVIII), m.p. 172-177’. For a&y&the l&one was crystallimd from acetone to 
give c&ikss prisms, m.p. 177-177.5’. 

Anal. C&d. for C,H,,O,: C, 64Q7; H, 4.89. Found : C, 64.13 ; H, 4.95. 
Ultraviolet spectrum: A_ 219 m,u (e 6160). 

Ckmzgeof theoxide(JCWIll): Thehyf&oxpaeetate(XX?&). Theoxi&(XXjQ@) 
(52 & tlil!l~~ acid (5.2 cm*), 8Rd g&K&l a&G acid (39Q 4iBlr) were 
underreikfor2hr. ~so.lvent~thenevaporatedin~togive 
FGsidvew~wbQnw~withacctona,pja?vt1~93goE~~caystarlline~ 
m.p. 224-226”. The ac&one wash liqux WJIB andtruat8dwithetber 
to give a second crop, 264g, which was 
1.85 g of product, m.p. 229-231’. The 
Oocrx), obtain&by mciys@ktioa from ~tone/benqe, had m.p. 232-233’. 

AucxZ. Cakd, for CuH,O,: C, 5864; H, 5.30. Found: C, 58.87; H, 54& 
Ultraviolet q&rum: &_ 223 m,u (e 6600). 

I I I I , I t 1 I 

When the oxido a&d (XIX) wastmated with acetic acid cozttai&g trliiooroaaatic 
~ju8tdes&bed,w,palrt.~ 
spuSraoftheorudem*ttrisle 
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indicated clearly that aromatization had occurmd to a considerable extent (cf. footnote 

P* 9). 
Methylation of the hy&oxy acetate (XXIX): 27te mefhoxy acetate @XXI). 

The hydroxy acetate (XXIX) (129@, dissolved in 52 cm* of dioxane, was treated 
with 39 cm* of methyl iodide, 20 g .of freshly prepared silver oxide and 20 g of anhy- 
drous sodium sulfate. This mixture was heated under reflux, with stirring, for 1 hr, 
and then filtered through a sidered $a~ plate. After ,the filtrate had been taken to 
dryness in 1~~110, the residue was dissolved in ethyl acetate and filtered through 15 g 
of neutral aluminium oxide (activity II/III). When the eluate was concentrated to a 
small volume and treated with some drops af ether, 557 mg (41 per cent) of methoxy 
acetate @XXI), m.p. 162-165”, separated. For analysisthe compound was crystallized 
from ethyl acetate/ether, to giveheavy glassy prisms, m.p. 167-169’, which were dried 
at 70” in high vacuum for several. hours. 

Ad. Calcd. for Cr,,H,,O, : C, 5999 ; H, 5.75 ; OMe, 11.07. Found : C, 60.08 ; 
H, 6.02; OMe, 11.03. 

Ultraviolet spectrum: S, 222 rnp (E 5880). 

From the, mother liquors, after separation of the methoxy acetate @XXI), 
the C-nrethylated CWIII (iii) was isolated by careful chromatography on alaminium 
oxide (activity II/III). The substance was eluted in the early fractions of the chromato- 
gram, using benzene containing 20 per cent of ethyl a&ate. The material in these 
fractions had m.p, 144-145o. Further crystalhxation from acetone gave .colorless 
needles, m.p. 152-153”. This substance forms a continuous series of mixed crystals 
with the methoxy acetate @XXI). The melting point of a mixture. of (XXXI) and 
(iii) was 136155”. For analysis, (iii) was dried overnight in high vacuum at 80”. 

Anal. Calcd. for C,H,sO,: C, 61.21; H, 6.17; OMe, 10.55. Found: C, 61.28; 
H, 6-35; OMe, 10.88.. 

Ultraviolet spectrum: & 234 rnp (e 7700). 
Hydogen peroxide oxidation of the methoxy acetate (XXXI) : The oxi& (xxxrr). 

The methoxy acetate (XXXI) (180 mg) in pyridine (7 ems) and hydrogen peroxide 
(1*4 cm8 of 30 per cent solution) was allowed to stand at room temperature for 
18 hr. The reaction mixture was then poured onto ice. The product was extracted 
with ethyl acetate, and the organic layer washed with dilute hydrochloric acid, 
saturated sodium bicarbonate solution, and saturated sodium chloride solution. 
The extract was dried and evaporated, and the colorless oily residue was crystal&d 
from ether to.give 62 ,rng of the oxide,(XXXII), m,p. 165-168”. The analytical sample, 
obtained by recrystallization from acetone/ether, formed plates, m.p. 169-170”. 
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Anal. Caled. for ~,&sOr: C, 56-75; H, S-44. Found: C, 56.77; H, 5.58. 
Ultraviolet q&rum: no absorption of hi* intensity above 210 mp. 
Ox&Won of the methoxy atwtate (XXX) by osmim tetroxide. Osmbn t&oxide 

(82 mg), dissolved in dry bonxene (125 aus), was added to a sohrtion of the methoxy 
a&ate (xxx@ (70 rug) in absolute benzene (2 ems) contaiuing pyridine (Ml5 ems). 
Themixtute~olboRVbdtostqrndatroam~~~~for15hr. Duringthistime 
138 mg (SO per cant) of the o&um complex @XXIII), m.p. 175-182” (d&c.), separated 
as brown prisms. For aualy&i the material was crystalhzed from diohh~omethane. 
m.p. 180-190” (dec.). 

Anal. C&d. Ear C&,,,OlgN,os: N, 4% Found: N, 4.21. 
Zinc red&ion of the nsethtwy acetate (XXX@: The unmtwisted acid (ix). The 

methoxy acetate (XXX) (200&g) was dissolved in acetic acid (2 ems) and water 
(065 ems). To the cooled, well-stirmd, solution, 400 rug of xinc powder were added 
allat once; the cooling was such as to keep the temperature below 15’. Stirring was 
continued for 8 min, and the reaction mixture was then poured into 100 ems of ethyl 
acetate. The solution was then shaken with water and saturated sodium chloride 
solution, dried over sodium sulfate, and taken to dryness in t14cw at 30-50”. The 
crystalline residue (200 mg) was washed with cold acetone. The fine prisms of (ix) 
so obtained melted at 165-lW, resolidified in needles, and melted again at 207-215”. 
For analysis the material was dried in high vacuum at 80” for several hours. 

Anal. Calcd. for C,,H,sO,: C, 5956; H, 6.43. Found: C, 59.84; H, 664. 
The infrared spectrum (CHC&) possessed bands at 5.73 and 5.80 ,u. 
The above acid (ix) was transformed into its methyZ ester, and thence into the 

corresponding ettrylene thioketul. The acid (ix) (200 mg) was dissolved in 5 cm* 
of methanol, diluted with 5 cm* of ether, and treated with an excess of ethereal 
diazomethane solution at 0”. After 5 min the solution was taken to dryness in vucuo 
and the residue was dissolved in 2 cma of acetic acid. Ethylene d&i01 (0.3 ems) and 
boron trifluoride etherate (0.2 cm3 were added, and the reaction mixture was allowed 
to stand at room temperature for 1 hr. The solvent was then removed in vucw, 
the yellowish residue was dissolved in dichlorome$ane/ether (1 : 1) and shaken with 
water, sodium bicarbonate solution, and saturated sodium chloride solution. The 
organic phase was ‘dried with sodium sulfate, and evaporated to dryness. When the 
yellow residue was distilled in high vacuum, 166 mg of colorless distillate was obtaiochd 
which was chromatographed on 10 g of neutral alumina (activity II/III). DichIoro- 
methane/benzene (1 : 1) eluted 133 mg of crystalline material. For analysis the 
ethylene thiokeral was crystallized twice from ether/petroleum ether, to give colorless 
prisms, m.p. 112-l 13”, which were dried in high vacuum for several hours at 80”. 

Anal. Calcd. for C,,H,O&: C, 54.83; H, 650; S, 17.15. Found: C, 55-01; 
H, 6.55; S, 1740. 

The jive-membered Zactone series 

Preparation of the five-membered &tone @XXIV). This substance is preparable 
by aluminium ~opoxide reduction of the ester adduct (IV : R = Me), the la&one 
(XIII), or the hydroxy ester @XXVII). 

Method (a). From the Zuctonr (XGI.) or the h&boxy ester (XXXWI). The lactone 
(XIII) (5 g), or the ester @XXVII) (5 g), and freshly distilled aluminium &propoxide 
(6 g) were added to 80 cm8 of anhydrous isopropanol, in a Bask eqippcd with a stirrer, 



The total ayalsia of rcuerpb 37 

a Vigreux column, and separator-y funnel. The reaction mixture was stirred, and 
heated at such a rate that slow distillation took place; irdpropanol was introduced at 
such a rate as to keep the reaction mixture approximately at constant volume. After 
the distillation of acetone had ceased (about 45 min), the reaction ‘mixture was kept 
under gentle refly for another 45 min. The solvent was then removed in uacuo. 
The foamy residue was dissolved in ethyl acetate (80 ems), and the resulting milky 
solution was cooled to 0” and added to a sohrtion of sodium potassium tartrate (83 g) 
and sodium bicarbonate (6.3 g) in water (125 cm*). The mixture was shaken and the 
two phases were separated. The aqueous phase was extracted three times further with 
ethyl acetate. The combined ethyl acetate extracts were washed once with ice-cold 
sodium bicarbonate, once with saturated sodium chloride solution, and dried over 
sodium sulfate. When the solvent was removed, 4.5 g of a colorless crystalline solid 
remained. Recrystallixation from acetone/ether gave 3.7 g of the hydroxy h&one 
(XXXIV), m.p. 12&W”. For analysis the lactone was recrystallixed once from 
acetone/ether; prisms, m.p. 122-123”. 

Anal. Calcd. for CrrH,O,: C, 68.73 ; H, 6.29. Found: C, 68.79 ; H, 6.50. 
Ultraviolet spectrum: e,nd absorption. 

-I 
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Method (b). I;rom the ester u&act (IV : R = Me). The ester adduct (440 mg) 
and aluminium isopropoxide (1.83 g) were dissolved in dry iropropanol (8 cm*). 
The mixture was boiled gently, and acetone and isopropanol were distilled slowly 
from the<reaction mixture through a short column. From time to time isopropanol 
was added to maintain a constant vohune. After one hour no more acetone could be 
detected in the distillate. The reaction mixture was then concentrated under reduced 
pressure, treated with ice-cold 2 N hydrochloric acid, and extracted with methylene 
chloride/ether (1 : 3). The organic phase was washed with’sodium bicarbonate and 
saturated sodium chloride solution, and taken to dryness in vucuo. The residue was 
crystallixed twice from acetone/ether, to give 230 mg of colorless prisms of the lactone 
(XXXIV), m.p. 119120”, identical with the material prepared by method (a). 

Oxidation of the lactone (XXXIV): The ketow (XXXWIQ To a solution of the 
hydroxy lactone (XXXIV) (I g) in acetone (50 cn?), 190 cm8 of chromic acid oxi- 
dation mixture (92 cm8 concentrated sulfuric acid, 290 cm* of water, 106 g chromium 
trioxide) were added slowly with stirring at room temperature. A slight excess of 
chromic acid was then destroyed by adding two drops of butanol. The reaction 
mixture was filtered quickly through a small column of al&urn oxide (activity II/III), 
and the titrate was taken to dryness. Crystallixation from acetone/ether gave 830 mg 
of the kerone (XXXVIII) as colorless prisms, m.p. 125-126”. For analysis the material 
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was crystallized once again from acetone/ether and dried for several hours at 80” 
in high vacuum, m.p. 126-128”. 

Anal. Calcd. for C,,H,,Os:. C, 6946; H, 5.30. Found: C, 69.50; H, 5.43. 
Ultraviolet spectrum:’ &, 216 m,u (E 8500). 
Infrared spectrum (CHC&): 5.65 and 5.95 p. 
Oxidation of the keto luctone (XXXVIII) Sy perberuoic acid. To a solution 

of the keto lactone @XXVIII) (600 mg, 3.16 mmoles) in dioxane (2 cm3), 7 cm3 
of a benzene solution of perbenzoic acid (O-575 M) was added. Dioxane was then 
added to bring the total volume to 10 cm3. The reaction mixture was allowed to 
stand at room temperature for 10 hr, during which time a solid separated. When the 
colorless crystalline material (206 mg, m.p. 185-187.5”) was collected, and recrystal- 
lized from ethyl acetate, the diluctone (XLI) was obtained as colorless prisms, m.p. 
189-193” (dec.). 

Anal Calcd. for C,,H,,,O,: C, 59.46; H, 4.54. Found: C, 59.26; H, 4.68. 
Ultraviolet spectrum : end absorption (esis mp 5500). 
Infrared spectrum (KI): 5.67 ,u, 5.70 p, 6.04 p (weak). 
Action of iodine/silver acetate on the keto Zuctone (XXXVIII). To a well-stirred 

suspension of the keto lactone (XXXVIII) (498 mg) and silver acetate (522 mg) in 
glacial acetic acid (13 cm3), finely powdered iodine (684 mg) was added all at once. 
The reaction mixture was stirred for 2 hr 30 min. Silver iodide was removed by 
filtration through Celite, which was washed three times with hot chloroform. The 
filtrate was evaporated to dryness in vacua at 40”. The brown residual oil was taken 
up in chloroform/ethyl acetate (1 : 3) and washed with @l N sodium thiosulfate, 
saturated sodium bicarbonate solution, and water. When the dried organic layer was 
evaporated at the water pump, a colorless oil was obtained, which crystallized from 
acetone/dichloromethane to yield 330 mg of colorless prisms of the iodo acetate, 
m.p. 156158” (dec.). The analytical sample, obtained by recrystallization from a large 
volume of dichloromethane had m.p. 161-162” (dec.). 

Anal. Calcd. for C,H,,0,1: C, 4140; H, 3.49; I, 33.70. Found: C, 41.72; 
H, 3.49; I, 34.07. 

Ultraviolet spectrum: end absorption (&an, mp 10,000). 
Infrared spectrum : 5.64 /J, 5.80 y, 5.95 ,u. 
Zinc reduction of the keto luctone (XXXVIII). The keto lactone (XXXVIII) 

(600 mg) was dissolved in acetic acid (6 cm3) and water (2.6 cm3). While the mixture 
was stirred vigorously, and kept at 15”, zinc powder (1.2 g) was added all at once. 
After 10 min the reaction mixture was diluted with ethyl acetate, filtered, and ,the 
titrate was washed with dilute hydrochloric acid and saturated aqueous sodium 
chloride solution. The organic phase was dried with anhydrous sodium sulfate, and 
taken to dryness in vacua. The residue was taken up in acetone, treated with a small 
amount of Norite and Gltered. When the Gltrate was concentrated to a small volume 
and treated with a few drops of ether, 420 mg of the acid @XXIX), m.p. 123-127”, 
separated. For analysis the acid was recrystallized twice from acetone/ether, from 
which it separated as colorless needles, m.p. 124-127”. 

Anal. Calcd. for C,,H,,4: C, 68.73; H, 6.29. Found: C, 68.51; H, 6.49. 
Infrared spectrum (CHCl,): 5.83 and 5.85 ,u. 
The above p,y-unsaturated keto acid was isomerized to the conjugated isomer (XL) 

by potassium acetate in ethanol. The acid (XxX1X) (100 mg), potassium acetate 
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(100 mg), and- absolute ethanol (5 cm3 were heated under reflux in an atmosphere 
of nitrogen for 3 hr. The solvent was then evaporated in vwuo and the residue was 
taken up in ethyl acetate and water. The organic layer was washed three times with 
saturated aodium chloride solution, dri& and evaporated in t. When the 
colorless residual oil was crystalhxed from ether; 60 mg of the acid (XL), m.p, 16f 
165O, were obtained. ,Thc analytical sample, obtained by recrystallixation from 
dichloromethane/ether formed colorless prisms, m.p. 165-M”. 

Anal. C&d. for C,,H,Os: C, 68.73 ; H, ‘6.29. Found: C, 68.63; H, 6.51. 
Ultraviolet spectrum: &_ 223 rnp (E 7400). 
Infrared spectrum (CHCl&: 5.85 I( and 5.97 /L. 
The above acid (XL) was converted to the corresponding met/$ ester by treatment 

with excess ethereal diaxomethane. Cryr&llimd from acetone/ether, the ester had 
m.p. 77-78”. 

Infrared spectrum .(CHClJ: 5.79 and 6-O p. 
Bromination of the hydroxy Zactone @XXIV): The bromo &tone (LVIII). 

Method (a). In methund: The hydroxy lactone (XXXIV) (23 g) in methanol (230 
cm*) was treated with a solution of bromine (19.2 g) in methanol (200 iuris). After 
the mixture had stood at room temperature for 45 min, sulkient solid sodium .bi- 
carbonate was added to neutral&e the ,hydrobromic acid, and the solution was then 
concentrated to approximately 30 Cms. A large volume of.methylene chloride was 
added, and the mixture was washed twice with water, once with sodium bicarbonate 
solution, ,once with saturated sodium chloride solution, and the organic phase was 
dried over anbydrous sodium sulfate. The solvent was then removed in vacua, and 
the residual yellow oil was taken up in acetone and ether, and allowed to stand in 
the cold for 24 hr. Fifteen grams of the bromo lactone (LVIII), m.p. 120-M”, 
separated. For analysis the substance was recrystallized four times from acetone/ 
ether, m.p. 129-130’. 

Anal. Calcd. for CUHilOsBr: C, 48.72 ; H, 4.09; Br, 29.47. Found: C, 48.53 ; 
H, 421; Br, 29.30. 

Ultraviolet spectrum: end absorption 

Method (b). I’ II methylene chlorti. The hydroxy la&one (XXXIV) (20 g) was 
dissolved in methylene chloride (500 ems). Bromine (5.4 cm3 was added slowly at 
room temperature, and the reaction mixture was allowed to stand for 20 min. It was 
then cooled in an ice-bath and extmc&d once with aqueous sodium bicarbonate, 
containing a small amount of sodium thiosulfate, and once with sodium bicarbonate 
alone. The organic phase was then washed with saturated sodium chloride solution 
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and dried over anhydrous Sodom sulfate. The solvent was removed, and the residual 
yellow oil was taken up in acetone and ether. When the sohztion was allowed to 
stand, 21 g of the bro&laotone (LVIII), m.p. 122-125”, separated. This material 
was puretobe- directly into the methoxy ether (L&II) (see below), 
in approximateIy 80 per cent yield. However, it was contaminated with a small 
amount of a relatively insoluble high-me&g substance, which frequently separated 
first from the acetone/ether solution of the GM& product. The high-melting material 
is a dibromide; for analysis it was recrystalked three times from a&one, and had 
m.p. 175-176”. 

AMZ. Calcd. for &H,sOsBrs: C, 37.53; H, 3.44; Br, 45-W. Found: C, 38~00; 
H, 3.34; Br, 45.41. 

Preparation of the unwtnrated ether (XLVI). To a three-neoked #lash fitted with 
an eflicient stirrer ‘and a short Vigreux column, 10 g of the oxido lactone (XXVIII), 
29.6 g of alumimum i~optqoxide and 166 cma of anhydraus &epropartol were added. 
The reaction mixture was heated at such a rate that a&one di&lled as it was formed. 
After 3 hr the distillate gave a negative reaotion with 2,44?initrophenylhydraxine 
reagent. The reaction mixture was then conoentrated to dryness in wcuo and the 
residue was dissolved in I50 cm* of ethyl acetate. The mixture was stirred with 300 cm8 
of a saturated Rachelle’s salt solution (contaming 66 g of sodium potassium tartrate 
and 5 g of sodium bicarbonate per 100 cm8 of water). The aqueous solution was 
extracted three times with ethyl acetate and the combined organic layers were dried 
over sodium sulfate. When the solvent was removed, an oily residue was obtained, 
which~eould be used directly for the preparation of the methoxy la&one (LIII) (see 
below). In the present experiment, the oil was dissolved in methylene chloride and 
lUtered through deactivated ahuuinium oxide. The methylene chloride was removed 
in uacuo and the residue was crystallked from ethyl acetate/ether. The unsaturated 
lactone (XLVI) was obtained in 43 per cent yield as colorless prisms, m.p. 124-126’. 

Anal. C&d. for C,1H,,08: C, 6946; H, 530. Found: C, 69.34; H, 5.41. 
Ultraviolet spectrum: & 228 rnp (E 3140). 

Preparation of the methoxy ether (LB&Q Method (a) The crude oily unsaturated 

withwateranddried 
over anhydrous so&&am s*. The usethylene chloride solution was eesmentratedto 
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about 60 tuna and filtered through a short column of aluminium oxide (activity II/III). 
The column was washed with methylene chloride, and the eluate (about 200 cmg) was 
evaporated to give an oil which solidified slowly. Crystallixation from a mixture of 
ethyl acetate (5 cm*) and ether (5 cm*) gave 5 g of the mezhoxy ettir (LIII) as colorless 
needles, m.p. 95-98’. For analysis the material was recrystalhxed from ethyl acetate/ 
ether, m.p. 103-104”. 

Anal. Calcd. for C&HMO,: C, 64.85; I-I, 6.35; OMe, 13.96. Found: C, 65.11; 
H, 6.46; OMe, 13.86. 

Ultraviolet spectrum: no absorption. 

Method (b). Twenty-three grams of oxido ester (XLVII) and freshly distilled 
ahuninium isopropoxide (30 g) were dissolved in anhydrous isopropanol(4OO cma). 
The mixture was stirred, and heated at such a rate that slow distillation through a 
short V&Ax cohuun took place. During the distillation, isopropanol was mplaced 
at such a rate as to maintain the reaction mixture at constant volume. After about 
5 hr no acetone could be detected in the distillate (2,4dinitrophenylhydraxine reagent). 
After the reduction was complete, the mixture was kept under gentle reflux for a 
further 2 hr. The solvent was then completely removed in UUCW, and the foamy resi- 
due was taken up in 375 cm* of ethyl acetate. The resulting solution was cooled to 0’ 
and added to a solution of sodium potassiumtartrate (410 g) and sodium bicarbonate 
(31 g) in water (625 cnP). The mixture was shaken well, and the two phases were 
separated. The aqueous phase was extracted three times with ethyl acetate. The 
combined ethyl acetate phases were washed twice with ice-cold sodium bicarbonate, 
once with saturated sodium chloride solution and dried over anhydrous sodium 
sulfate. When the solvent was removed in wcuo, 21 g of a partially crystalline brown 
product were obtained. This material was dissolved in the smallest possible amount 
of dichloromethane and allowed to stand at room temperature for 2 hr; occasionally 
a considerable amount of crystalline material did not dissolve in the methylene chloride 
at all. The dichloromethane-insoluble material, and that which separated from the 
methylene chloride solution on standing, were collected and washed with methylene 
dichloride. Three grams of this by-product, m.p. 175-176”, which is probably the 
dihydroxy ester (xii), were obtained. For analysis the substance was recrystalhxed 
three times from acetone and dried for 12 hr at 80” in high vacuum, m.p. 175-176”. 

And. Calcd. for C,J-&,O,: C, 62.67 ; H, 7.51. Found: C, 62.88 ; H, 7.65. 
Ultraviolet spectrum: no absorption. 
Infrared spectrum (CHC&): single sharp band at 5.81 p. 
The combined Ntrates from the above by-product were concentrated and dried 
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in high vacuum. The res&e ,was &solved in 4&J&’ of 
O&iundmdandtwentycma~ 
lg of sodium in5OOcmso 
whiehturned bpown,wasksptatroorn~for9o~. 
n&raked with glwid amtic mid and the solvents were removed fn ~WW. The 
residue was dissolved in methylene chloride, and the solution was was&& twit with 
small,amounts of water and then with saturated sodium chloride solution. The 
dried (anhydrous sodium sulfate) solution was concentrated to small volti and f&red 
through a short column of neutral alumiuium oxide (a&v&y H/HI). The eluate was 
concentrated to a very small volume, and ether was added. Crystallization of the 
desired ?nefho~y ether (LIII) began at once. After the mixture had been kept at 0’ 
for 2 hr, 76 g of the methoxy ether (LIH), m.p. lOO-102”, were collected. This 
material was ideutical with that prepared by method (a) above. After the mother 
liquors had been treated once again with methoxide, as above, a further 700 mg of the 
methoxy ether were obtained. 

Method (c). The bromo lactone (LVIII), m.p. 122-125”, (see above), (16.5 g) 
was dissolved in anhydrous methanol (260 cnP). Ninety-five cm8 of a sodium 
methoxide solution (made up by dissolving 2 g of sodium in 100 cm8 of anhydrous 
methanol) were added, and the yellow mixture was kept at room temperature for 
2 hr 30 min. The reaction mixture was then neutralized with glacial acetic acid, 
and concentrated in v& to approximately 10 ema. Methylene chloride and some 
ice-cold water were added, and the mixture was ‘shaken. The Tao phases were 
separated, and the organic phase was washed once with i-d sodium bicarbonate 
solution, once with saturated sodium ohloride solution, and dried over anhydrous 
sodium sulfate. Removal of the solvents gave a crystalline residue from which 
11.3 g of the methony ether’(LIII) were obtained by reorystallization from acetone/ 
ether’. The material melted at lOO-102”, and, was identical with that obtained by 
methods (a) and (b) above. 

Degradation of the methoxy ether (LIH). A, to the me~hoxy lastone &VI). The 
methoxy ether (LIII) (60 mg) was dissolved in acetyl chloride (2 cm*). Stan& 
chloride (0.2 cm*) was added, and the reaction mixture was allowed to stand at 
room temperature for 15 min. The solvents were then removed in uufxw, the residue 
was taken up in ethyl acetate, and wash& with water, sodium bioarbonate solu;ion, 
and water again. The ethyl ‘acetate solution was dried over sodium sulfate and 
concentrated to dryness in vacua. The residual oil was distilled, and the &rst fraction, 
a colorless oil (b.p. 0’08 mm 110-1250), crystalhzed. When the material~was remystal- 
lized from methylene chloride/ether, 32 mg of the Zuctone (LVI), m.p. 119-122’, 
were obtained. For dialysis the material was crystalliz& thrice from dichloro- 
methane/ether, m.p. 123-124”. 

Anal. Calcd. for C,sH&s: C, 70.57; H, 5.92; OMe, 15*19. Found: C, 70%; 
H, 6~17; OMe, 15.26. 

Ultraviolet spectrum: A&, ~253 mp, ~260 m,u, 266 mp, 273 rnp (se 258, 
345, 468,495). 

Infrared spectrum (CHCls): 560 p. 
B, to a-naphthoic acid. The methoxy ethe @Q freehly sublimed 

pyridine hydrochloride (400 mg) were sealed in oveolistc#141ex 
glass tube, and heated for 5 min at 190-280”. The cooled reaction mixture was 
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dissolved in 2 N hydrochloric acid and extracted with methylene chloride. The 
organic layer was dried over anhydrous sodium sulfate and evaporated to dryness, 
leaving 55 mg J of colorless crystall& residue. After one recrystallization from 
methylene chloride, it melted at 152-l 56”. The material was then partitioned between 
sodium bicarbonate and ether in the usual way. When the acidic fraction was crystal- 
lixed from benxene, colorless needles of a-naphthoic acid, m.p. MO-162”, identical 
with an authentic sample, were obtained, m.m.p. 160-162”. The infrared spectrum 
of the degradation product and that of an authentic specimen of a-naphthoic acid 
were identical. 

Preparation of the bromohydrin (LIX), and of the ketone LXIII). The methoxy 
ether (LIII) (7 g) was dissolved in water (63 ems) and 1 N sulfuric acid (12.6 cma), 
with stirring, and heating to 80”. To the stirred solution,. which was kept between 
60-70”, N-bromosuccimmi de (5.85 g) was added over a period of 10 min. The reaction 
mixture was thenmaintainedat 80-90’ for 30 min. At the end of that time the potassium 
iodide-starch test was pmc&ally negative. A small quantity of sodium bisuhite was 
then added to destroy excess N-bromosucoinimide, and the aqueous solution was 
extracted continuously with methylene dichloride for 4 hr. When the solvent was 
evaporated, 12.92 g of the crude bromohydrin (LIX) were obtained as a yellow oil. 
Ordinarily, this crude material was oxidixed directly to the corresponding ketone. 
However, if it was taken. up in acetone, crystalline bromohydrin separated. After 
several further crystallizations from acetone, in order to effect separation from succini- 
mide, the bromohydrin (LIX) was obtained as a colorless solid, m.p. 150-151”. 

Anal. Calcd. for C;,H,,O,Br: C, 45.13 ; H, 4.74; Br, 2504. Found: C, 45.24; 
H, 4086; Br, 25.13. 

The above crude oily bromohydrin (LIX) (12.92 g) was dissolved in 53 cm*. 
of hot glacial acetic acid. The solution was cooled to room temperature and chromic 
acid (5.3 g) dissolved in water (2.7 cma) and acetic acid (27 cm3 was added. The 
solution became watm, and after 2 min the bromo ketone began to crystallixe. 
The reaction mixture was allowed to stand at room temperature for fen hours. 
The ketone uhich had separated (6 g, 60 per cent) was collected and washed with 
acetic acid and ether. For recrystallization, the crude bromo ketone was extracted 
with acetone in a Soxhlet apparatus. The pure material crystalhxed directly from the 
extractant, and had m.p. 165-167”. For analysis the substance was recrystalhxed 
twice from ethyl acetate, m.p. 166167”. 

And. Calcd. for q,H,,05Br: C, 4544; H, 4.13; Br, 2520. Found C, 45.45; 
H, 4.32; Br, 25.35. 
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Z%eckbrokeme(wuFI: Br=Cl). Thst.bat&~eobcp.(~(222nrg)disod~ 
in water (3 ems) was stirred at 55-f@ over a period of 75 mia, l-9 cma of a 
292 per cent sohstion of hypoehlorous acid was added slowly. The aqueous sohuion 
was then extracted continuously for 3 hr with methyhme &oride. The extract 
was dried over sodium sulfate, and evaporated, to give 217 mg of a oolorless oil which 
soliditled in part. This material was dissolved in acttone (20 ems), and O-38 ems of 
chromic acid solution (prepared by dissolving 92 g of conoz&atad sulfuric acid and 
106 g of chromic acid in 290 cm8 of water) were added slowly at room temperature 
over a period of 1 hr. The excess. chromic acid was then destroyed by addition of 
tiupropanol, the solvents were removed in aucao, and the residrre was taken up in 
100 cma of methylene chloride/ether (1 : 3). The solution was washed twice with 
saturated brine, and once with 5 per cent aqueous sodium bicarbonate. When the 
solvent was removed in uacucl, 178 mg of a foam were obtained from which on tritura- 
tion with ethyl acetate, 63 mg of colorless crystalline material separated. After one 
recrystallixation from ethyl acetate, 54 mg of chloro ketone were obtained as colorless 
prisms, m.p. l73-l76o(&c.). 

Infrared spectrum: very similar to that of the corresponding bromo ketone. 
Zinc reduction of the bromo ketone (LXIII) : The acid (LXV). The bromo ketone 

(LXIII) (l-87 g) was dissolved in hot glacial acetic acid (SO0 cn?). The solution was 
cooled to 17”, zinc dust (7.5 g), previously cooled to 0”, was added all at once, and the 
mixture was stirred vigorously for 90 sec. The zinc was then immediately removed by 
rapid filtration through a bed of Celite (previously prepared by ,suspension in acetic 
acid, followed by filtration), which was rinsed once with acetone. The filtrate was 
concentrated to dryness in vacua, the residue was dissolved in 25 cm* of water, and 
made basic with solid sodium bicarbonate. The basic solution was extracted con- 
tinuously with ether for three .hours in order to remove neutral material (34 mg). 
The aqueous solution was then acid&d strongly (Congo), saturated with sodium 
chloride, and extracted continuously with ether for fourteen hours. During this time 
l-03 g of the acid (LXV) separated from the boiling ether. This material had &,,,_ 
227 m,u (E 9750). After the solid was collected by filtration, the filtrate was concentrated 
to dryness to give a foam which crystallized on trituration with acetone, to yield a 
further 92 mg of product; total yield l-12 g (79 per cent). For analysis the acid was 
crystallized from acetone/ethyl acetate, m.p. 204-206”. 

And. Calcd. for C&,H,,O, : C, 59-99 ; H, 6.71; OMe, 12T92. Found: C, 59-96; 
H, 6.93; OMe, 12.88. 

Ultraviolet spectrum: &_ 227 my (E 10,090). 
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When aqueous acetic acid was used in the above reduction, the supe&ial pheno- 
mena resembled those just described, but the acid isolated had L 227 rnp, with a 
molecular extinction coeBlcient of 4OON5WO. The desired product (LXV) was 
clearly contaminated with the corresponding dihydro compound, in which the 
double bond at Aspa had been saturated. These two ,substances formed mixed 
crystals which were separable only with very great dit&ulty. When the reduction 
was carried out with acetic acid and aqueous dioxane, the dilrydrxy acid (xvi) was 
produced. The bromo ketone (150 mg) was dissolved in 15 cm* of a dioxane solution, 
prepared from 94 ems of dioxane, 3 ems of water and 3 cm* of acetic acid. Zinc 
dust (150 mg) was added all at once, and the resulting mixture was stirred vigorously at 
room temperature for 6 min. The zinc was removed by filtration, the titrate was 
concentrated in vacua to approximately 2 cm*, and 25 cm* of water were added. 
The solution was made basic with solid sodium bicarbonate and extractedcontinuously 
with ether for three hours to remove neutral material (25 mg). The aqueous solution 
was then acidified and extracted continuously with ether for fourteen hours. The 
crude product so obtained (109 mg) was triturated with ethyl acetate/ether, and gave 
48 mg of the acid (xvi). 

Anal. Calcd. for C&H,,O,: C, 56.24; H, 629; OMe, 12+09. Found: C, 56.22; 
H, 652; OMe, 12.10. 

Ultraviolet spectrum: & 228 rnp (e 9000). 
Infrared spectrum (KI): 5.80 and 5.96 p. 
For preparation of the corresponding methyl ester, the above acid (39 mg) was 

dissolved in dioxane and treated with excess ethereal diazomethane. The dioxane 
was removed in vacua, and the residue was triturated with ethyl acetate/ether. Thirty- 
four milligrams of crystalline, very insoluble, methyl ester were obtained. For analysis 
the substance was recrystalhxed from acetone/ether, m.p. 185-186”. 

Anal Calcd. for (;,H,,O,: C, 57.77; H, 6.71. Found: C, 57.97; H, 6.72. 
Infrared spectrum (ICI): 2.94 p, 3.04 p, 5.77 p, 5.98 cc. 
Prepratiun of the acetoxy ester (LXVII). The hydroxy acid (LXV) (3.7 g) was 

dissolved in absolute dioxane (150 cnP). The solution was cooled to 10” and 40 ems 
of an ethereal diaxomethane solution (1.91 per cent distilled diaxomethane in absolute 
ether) was added slowly. The solvents were then evaporated in ~JUCUO at 40”. The 
residual oil was dissolved in 10 cm’ of acetone, the resulting solution was Iiltered, and 
the filtrate was evaporated to dryness in WCUO. When the residue was crystalhxed from 
acetone/ether, 3.76 g (96 per cent) of the methyl ester of the acid (LXV), m.p. 134-136” 
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were obtained. Four further crystallizations from acetone/ether gave an analytical 
sample, m.p. 139-140”. 

Anal. Calcd. for Cr,H,sO,: C, 6140; H, 7.14; OMe, 24.38. Found: C, 61.53; 
H, 7.54; OMe, 24.65. 

Ultraviolet spectrum: A,,,= 225 rnp (E 11,000). 

I I 

The above methyl ester (3.4 g) was dissolved in absolute pyridine (18.5 ems) 
and pure acetic anhydride (15 cm8). The reaction mixture was heated for two hours 
at 80-90” in an atmosphere of nitrogen. The solution was then cooled to room tem- 
perature and filtered. The titrate was concentrated to dryness in vucuo, and the residue 
crystalhzed from acetone/ether to give 3.65 g (92 per cent) of the acetoxy ester (LXVII), 
m.p. 135-136”. Recrystallization from acetone/ether gave an analytical sample, 
m.p. 137-138”. 

Anal. Calcd. for C,,H,,O,: C, 60.80; H, 6.80; OMe, 20.90. Found: C, 60.58; 
H, 7.00; OMe, 20-43. -- -_ _ 

Ultraviolet spectrum: &a 226 rnp (E 11,500). 

Osmium tetroxide oxidation of the unsaturated ketone (LXVII): The diol 
(LXVIII). The unsaturated ketone (LXVII) (500 mg) was dissolved, with shaking, 
in a solution of osmium tetroxide (463 mg) in water (50 cm?). The reaction mixture 
rapidly became very dark blue in color, and was allowed to stand at room temperature 
under nitrogen for eight hours. The solution was then placed in a separatory funnel 
in which 25 cm3 of carbon tetrachloride and 4.15 g of sodium chlorate had been placed. 
When the mixture was shaken vigorously, the blue color rapidly disappeared. The 
aqueous phase was extracted four times with carbon tetrachloride in or&r to remove 
the osmium oxides completely. The aqueous solution was saturated with sodium 
chloride and then extracted continuously with ether for 8 hr. The ethereal extract was 
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concentrated to a small volume, benzene was added, and the resulting solution was 
concentrated to dryness in vacrw. The residue (568 mg) was crystalhxed~from acetone, 
and gave 255 mg (46 per cent) of the diol (LXVIII) as colorless needles, m.p. 169- 
172’. For analysis the material was recrystalhxed from acetone/ether, ,m.p. 174-175”. 

Anal. Calcd. for C&HssOs: C, 5454; H, 6.71. Found: C; W72; H, 6.82. 
Ultraviolet spectrum: no intense absorption above 205 mp. f 

, 1 I I I I I I , 

Preparatbn of the ~tetracydic lactam (LXXII) 
7% Zactam (LXXII). The diol (LXVHI) (800 mg) was treated with a solution of 

2.3 g of periodic acid hydrate(HI0,*2HsO) in 126 cma of water, and allowed to stand 
in an atmosphere of nitrogen for 20 min at room temperature. The colorless aqueous 
solution was then shaken five times with 50 ems portions of ethyl acetate. The organic 
layers were combined, washed three times with saturated brine, and dried with a large 
amount of anhydrous sodium sulfate. The solution was then taken to dryness under 
reduced pressure in an atmosphere of nitrogen at 40”. The colorless oily residue 
(LXIX: R = H), which occasionally solidified, was taken up in 80 cm* of ether and 
treated at 0“ with excess pure ethereal diaxomethane. The solution was allowed to 
stand for 3 min at 0” and was then taken to dryness in a nitrogen atmosphere ,under 
reduced pressure at 30”. Seven hundred and ninety-six milligrams of the diester 
(LXIX: R = Me) were obtained as a slightly yellow oil (infrared spectrum (CHClJ: 
354 ,u, 3.68 cc, 5.77 p). The diester was taken up in 5 cm* of benzene and treated with 
a supersaturated solution of 490 mg of 6-methoxytryptamine (m.p. 142”, see above) 
in 32 cm* of benzene. (The hot solution of the ‘amine was cooled quickly to 20”, 
and used before crystallization set in.) The reaction mixture turned cloudy immediately 
(separation of water) and was allowed to stand for 3 min at room temperature. 
It was then evaporated to dryness under reduced pressure under nitrogen at 50”. 
The yellow oily residual Schiff base (LXX) (infrared spectrum (CHCJJ: 290 p, 
5.76 p, 5.99 p, 6.13 ,u) was taken up in 25 cma of methanol and treated with 250 mg 
of solid sodium borohydride. The reaction mixture was allowed to stand for 6 min 
at room temperature, and was then heated for 4 min on the steam bath. It was then 
concentrated in vacua to a volume of about 5 cm* and treated with several drops of 
acetic acid to destroy excess sodium borohydride. Ethyl acetate (200 cm8) was added, 
and the mixture was shaken four times with small volumes of 2 N hydrochloric acid. 
The organic layer was washed with saturated brine, dried with a large amount of 
anhydrous sodium sulfate, and taken to dryness in VUCUO. In or&r to effect remethy- 
lation of any ester which had been hydrolyzed, the yellowish oily residue was dissolved 
in 10 cma of dioxane and treated at 10” with an excess of pure ethereal diaxomethane. 
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The~on~~was~o~to~for3minatroom~andwag 
tham t&en to dryness fn CSMO. To remove -tar, the was twke boiled fsr a 
short time with benzene and conax@akd to a small voh~=. Finally, all of the 
solvent was removed in high vacua* a& the residual mat&al (l-J4 g) was treated 
with absolute pyridine (15 ems) and acetic an@dride (10 cm*) and allowed to stand 
for 12 hr at 30”. The reaction mixture was then taken to dryness in ;1wcuo, and the 
residue was dissolved in chloroform. The chloroform solution was shaken with 
saturated aqueous sodium bicarbonate, 2 N hydrochloric acid, and saturated brine, 
and then dried over anhydrous sodium sulfate. It was then concentrated to small 
volume, and ether was added. The la&am (LXXII) (923 mg) (yield 81 per cent, 
over-all) separated as colorless smal& prisms, m.p. 237-238”. For analysis the la&am 
was cryst.alked once from chloroform/ether and twice from chloroform/benzene, 
and dried 11 hr at 110” in high vacuum, m.p. (WC.) 239-240“. 

Ad. Calcd. for C,H,O,N,: C, 63.54; H, 6.83; N, 5.93. Found: C, 63.18; 
H, 6.94; N, 5.91. 

Mo&l experiments on the formation and stfddity of Schbbhifases from trypkkambw. 
A solution in methyke chloride of 2-anisyl~ (a967 mm&a/cms) and 
slightly less than one molecular equivalent of propionaldehyde gave an infrared 
spectrum (Fig. 1, M&7.00 p) which was constant a&r a few minutes, and did not 

TABJJS 2. ~S~ETH~YPT~ (0.067 mmolc/an~ + EXCEB EtCHO IN CH,C$ 

T ,.q = 20 per cent’ 

0 33 
15 42 
30 50 
45 56 

t 
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change thereafter. With a similar solution of 6-methoxytryptamine and propional- 
dehyde, a similar, stable, curve (Fig. 2) was observed a&r a few moments. By 
contrast, when in each case the experiment was repeated, using an excess of propional- 
dehyde as compared with the tryptamine, the C=N band at S-98 p fell with time 
(Tables 2 and 3). 
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FIG. 2. 

Ta.rocc = 24 percent* 

0 32 
15 39 
30 42 
45 44.5 
60 46 

3 

l Theqe intensity values arc probably distorted from the true values by the presence of the intense @md 
at 5.78 ,q arising from the excess propionaldehydc. 
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The pentacyclic series 

dl MethyEO-acetyl-isoreserpate (LXXIV). The well-dried lactam (LXXII) 
(m.p. 237-238”, 796 mg) was boiled gently for 2 hr in an atmosphere of nitrogen 
in 20 cm3 of freshly distilled phosphorus oxychloride. The solution turned green, 
then yellow, and finally orange. When the solvent was removed in vacua in an atmo- 
sphere of nitrogen, a bright-yellow crystalline residue of the quaternary salt (LXXIII) 
was obtained. This material was thoroughly dried in high vacuum, dissolved in 20 cm3 
of 90 per cent methanol, and treated in portions with 210 mg of solid sodium boro- 
hydride. The temperature of the reaction mixture was kept below 30” by occasional 
cooling in an ice-bath. The deep-orange color of the solution disappeared quickly, 
and the product began to crystallize directly from the reaction mixture in fine needles. 
After five minutes, 5 cm3 of water was added, the reaction mixture was cooled to 0”, 
the crystalline precipitate was collected and washed with water. Recrystallization 
from acetone/ethanol gave 536 mg of dl methyl-0-acetyl-isoreserpate (LXXIV), as 
colorless needles, m.p. (vat.) 265-266” (dec.). From the mother liquors 71 mg of 
less pure crystalline material were isolated. For analysis the ester was recrystallized 
twice from acetone/ethanol. The colorless needles were dried several hours at 110” 
in high vacuum, m.p. (vat.) 267-268” (dec.). 

Anal. Calcd. for C,H,O,N,: C, 65.77; H, 7.07; N, 6.14. Found: C, 6560; 
H, 7.11; N, 6.17. 

The infrared and ultraviolet spectra of the synthetic ester were identical with those 
of I methyl-0-acetyl-isoreserpate derived from natural reserpine.16 

I I 1 I I I t I I 

Resolution of racemic methyl-O-acetyl-isoreserpate. The racemic ester (LXXIV) 
(300 mg) was dissolved in 9 cm3 of acetone and treated with a solution of di-ptoluyl-Z 
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tart&c acid .(25O,mg) in acetone. (3 cm?. The ~solution~ was umccntrti on the 
steam bath to a volume of 4 cm*. It was then seeded with the di-p-toluyl&artrate 
of 2 methyl-O-ac&yl-&oreserpate, and allowed to crystallize. When the material which 
separated was recrystalhxed from methanol/acetone, 120 mg of colorless prisms 
were obtained. One further crystallization from methanol gave 98 mg of the di-p- 
toluyl&artrate of I methyl-0-acetyl-iroreserpate, m.p. (VUC.) 153-155” (dec.). The 
mixture melting point (uac.) of the synthetic salt, with an authentic specimen of the salt 
(m.p. @UC.) 151-153” (dec.)) was 153-155’. Ninety-five mihigrams of the synthetic 
salt were shaken with 5 cm* of 1 N sodium hydroxide and chloroform. The chloro- 
form extract was washed with saturated brine, dried with sodium sulfate, and taken 
to dryness in vacua. When the colorless residue was crystallimd from acetone/ 
ethanol, 37 mg of colorless needles of synthetic I methyl-O-acetyl-isoreserpate, 
m.p. @UC.) 287-288” (dec.) ([a]: - 134”, c, 1.04 (CHCl& were obtained. The mixture 
melting point (WC.) with ‘I methyl-O-acetyl-isoreserpate from natural sources (m.p. 
(WC.) 284-285”, [a]$’ - 132“, c, 1.04 (CHCla)) was 285-286” (AX.). The mother 
liquors from the separation of the Z,Z salt were decomposed with lye in the above 
manner. When the resulting free base was treated, as above, with di-ptoluyl&artaric 
acid, it, gave a salt which was recrystallimd and decomposed to give d methyl-O- 
acetyl-Zsoreserpate* ([a]“$ + 130”). The infrared spectra (CHCls) of the synthetic 
laevorotatory and dextrorotatory bases were identical with that of the racemic base 
(see above). 

dZ Isoreserpic acid hydrochloride. dZ Methyl-OLacetyl-isoreserpate (2.04 g) was 
dissolved in absolute methanol (50 cm? and 40 per cent aqueous potash (15 cm8), 
and the resulting solution was heated under reflux in an atmosphere of nitrogen 
for 2 hr. The solution was then cooled, acidified to Congo tith wncentrated hydro- 
chloric acid, and filtered to remove precipitated potassium chloride. The Wrate 
was taken to dryness in vacua, thi residue was treated with boiling methanol, and 
‘again filtered to remove potassium chloride. When the filtrate was concentrated to a 
small volume, and treated withan equal volume of acetone, ‘l-37 g of the hydrochloride, 
m.p. (vuc:) 265-268” (de&.), separated. Concentration of the mother liquors yielded a 
further Oh63 g’ of the material, m.p. @UC.) 262-264” (dec.). For analysis the hydro- 
chloride was recrystallized from methanol/acetone and methanol/water, m.p. (WC.) 
267-268.5” (dec.). 

Anal. C&d. for CssHssOsN~*HCl~H,O: C, 58.07; H, 6.87; N, 6.16; Cl, 7.80. 
Found: C, 57.82; ‘H, 6.78; N, 6.11: Cl, 9.31. 

dZ Isoreserpic acid’lactone @XXVIII). dZ Isoreserpic’acid~hydrochloride (127 mg) 
and N,NQicyclohexylcarbodiimide (80 mg) were dissolved in dry pyridine (8 cnP). 
The resulting solution was heated at ~100” in an atmosphere, of nitrogen .for’ 2 hr. 
The pyridine was then removed in vacua, and the lemon-yellow residue was kept in 
high vacuum for 10 hr to remove the last traces of pyrldine. The residue was taken 
up in 100 cm* of chloroform, which was extracted four times with 1 N sulfiuio acid. 
The combined acid solutions were washed twice with 10 cm* portions of, chloro- 
form, and then .made basic with solid sodium bicarbonate. The basic solution was 
extracted three times with chloroform, and the extract was dried over solid sodium 
sulfate. When the solvent was removed in vacua, 120mg of an oil were obtained 
which deposited 70 mg (67 per dent) of dZ isomer@ acid lactone (LXXVIII), m.p. 
(WC.) 233-234” (de&), when it was triturated with ethyl acetate. For analysis the 
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la&one was twice recrystalhzed from &lorofotm/ethyl aoetate, m.p. (WC.) 245-2465” 
(dec.). 

Anal. Cakd. for C!,sHssOaNs: C, 69Q9; H, 6.85; N, 7.33. Found: C, 68B; 
H, 6957; N, 7.39. 

1 Isoreserpic acid hydkwhkwide. I Methyl-O-acetyl-&ureserpate (200 mg) was 
~~~in~~~(5~n3and4oprx~t~~ua,po~(l.S~~),and~ 
under nitrogen for 2 hr. The resulting so&ion was a&ii&d to Congo with hydr+ 
chloric acid (1 : l), and flhered from precipitated potassium chloride. The filtrate 
was concentrated to dryness, boiled with 10 ms of anhydrous methanol, and filtered 
again from potassium chloride, The filtrate was again concentrated to dryness. 
The residual solid was boiled with 10 cm* of methanol and 2 cm8 of acetone, and 
Mered to remove a small amount of insoluble material. The filtrati was concentrated 
to about 5 cma, and an equal volume of acetone was added. Colorless needles 
(131 mg) of the hydrochloride then separated. The mixture was cooled, the produot 
was collected by filtration, the mother liquors were concentrated to about 2 cm8 and 
diluted with 5 cm8 of acetone to give a further 46 mg of product. The total yield of 
hydrochloride was 177 mg (92 per cent), m.p. (oat.) 273-274” (ok). Further recrystal- 
h&ion from acetone/methanol gave colorless ~needles, m.p. @UC.) 278-279” @kc.). 

I Isomerpic acid lac&re(LXXVIII). I Isoreserpic acid hydrochloride (69 mg) 
and N,N’-dicyclohexylcarbodiimide (40 mg) in dry pyridine (4 cm3 were heated on 
the steam bath in an atmosphere of nitrogen for 1 hr; a precipitate separated 
from the reaction mixture. The mixture was allowed to stand at room temperature 
for 3 hr, and was then concentrated to 2 cm8, cooled, and filtered to give 82 mg of 
the hydrochlorirle of the isolactone (LX2WIII) (see below), admixed with some 
dicyclohexylurea. This solid mixture was added to 25 ems of chloroform and extracted 
three times with 1 N sulfuric acid. The combined acid fractions were washed with 
chloroform and then made basic with solid sodium carbonate. The basic solution was 
extracted three times with chloroform and the extract was dried over anhydrous 
sodium sulfate. The oily residue which remained after removal of the solvent 
crystalked when ethyl acetate was added. The crude product (31 mg) was recrystal- 
lized from chloroform/ethyl acetate to give 25 mg (41 per cent) of 1 isoreserpic acid 
la&one (LXXVIII), m.p. (WC.) 2225-224” (dec.) aa% - 138”, c, 1.05 (CHCQ). 

Anal. Calcd. for C,H,O,Ns: C, 69.09; H, 6.85; N, 7.33. Found: C, 69.17; 
H, 6.59; N, 7.30. 

The infrared spectrum (CHClJ of the kuorot@ry irolactone was found to be 
identical with that of the raounic isolactone, whose preparation is described above. 
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The keuorotatoty isolactone forms a chloroform-soluble hya%ochloride, which 
crystal&es in colorless needles, m.p. (uuc.) 285-286” (dec.).’ It is this substance which 
separates directly from the reaction mixture, above. 

1 I 
I 

I 

dl Reserpic acid Zucione (LXXIX). dl Isoreserpic acid la&one (LXXVIII) (200 mg) 
was dissolved in 8 ems of xylene containing 10 volume per cent of pivalic acid, and 
heated under reflux in an atmosphere of nitrogen for 16 hr. When the reaction 
mixture was cooled, 179 mg of crystalline material, m.p. @xc.) 2804815“ (AZ.) 
separated (perhaps the pivalate of the desired lactone). This material was collected, 
and the mother liquors were concentrated to yield a further 25 mg of the product. 
When the combined crystallixates were heated for some time at 140’ in high vacuum, 
in order to effect complete removal of pivalic acid, 148 mg of the crude kzctok 
(LXXIX) were obtained. When the lactone was recrystalhxed from dichloromethane/ 
methanol, it separated as colorless needles, m.p. (wc.) 315-317” (dec.). 

Anal Calcd. for (&HsaOaNs: C, 6949; H, 6.85; N, 7.33. Found: C, 694%; 
H, 6.86; N, 7.07. 
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I Reserpic acid Zactone (LXXIX). A, from 1 isoreserpic acid &tone (LXXVIII). 
I I~~reserpic acid lactone (52 mg) in 2 cm8 of xylene containing 10 volume per cent 
of pivalic acid was h+ed under r&x in an atmosphere of nitrogen, for 13 hr. After 
some hours FE boil& the product started to c+taUize from the boiling ipalution in 
long need+ At t&e end of the ,reaction time the solution was poled, and 40 mg of 
crystalline material which had separated were collected and washed with benzene. 
The mother liquor was taken to dryness, treated with some drops of acetone, and 
allowed to crystallize. The combined crystals weie dissolved in a small volume of 
chloroform/methanol (4 : l), treated with an equal volume of benzene, and concen- 
trated on the steam bath until crystallization commenced. Forty-one milligrams of 
I reaerpic acid la&one (LXXIX), rap. .(wzc.) 319-321” (dec.) vre ol#ained as colorless 
needles. The mixture melting point (WC.) with reserpic acid Wane, prep@i as 
described below (m.p. (uac.) 325-326” (d&c.)) was 321-322” (dec.). The infrared 
spectra of the two sa?ples were identical. 

I I I , I I I , 1 I I 

B, fioti mdtyZ, ‘ resqaie (Lq. 
dissolved in xylme (3 c@. 

Ah+&&& iqropoxide (204 mgj was 
Methyl r&te (LXXXI) (55 mg) ‘wais’ ad&d, &d the 

reaction mixtqe was brought to ‘boil. The es@ went ifiti aplntiori read&, and after 
approximately 5’min, the la&o&e began to separate as Colorless &&le& ) The rtaictibtl 
mixture was heated under reflwr ‘for ,2 l?u. The pr@d&t v&i& h&l separated ‘was 
removed by filtration irnd wash&i with iyle& and ‘ek; 46mg (9i p& cent) of 
reserpic @d lactone &XXIX), m.p. (WC.) ‘325-326” ‘(dlec.) Were~obta&d. 

C, front methyl-ti~etylreserpate. Al+in+i‘i.yropoti& (170 rnd was di&lved 
in xylene (1.5 ems). nctltliyl-O-acetyWp@ @O mg) Was ad&d, and the re&tion 
mixture was brought to boil. The ‘es& Wnt i&o sofiifon readily,’ an+l .after IS Rabin 
the lactone began to separate in crystalline f&m. The react&n w& allo+d to +ceed 
for 2 hr. The mixture was cooled, and the la&one which had separated was cool&i 
and washed with xylene and ether; #mg. (95 per cent) of res&pic acid lactone 
(LXXIX), m.p. (we.) 326-327” (dec.)? were obtaiq6d as colorless needles. 

D, from reserpine. Reserpine (41 g) was added to a solution of aluminium iso- 
propoxide (10.5 g) + xylene (175 CM), and the resulting mix&&e was heated under 
reflux in an atmosphti of nitrogen. A&r 1 hr,’ the addition of a seed of reserpic acid 
lactone to the boiling solution initiated the sepa@ion of the product as colorless 
needles. After the reuction mixture had been kept andor reflux for 5 hr, it was cooled, 
and 2.22 g (86 per cent) of crude lactone were collect+, aiLd washed with benzene 
and ether. One recrystallization from boiling chloroform gave the laotone (LXXIX) 
as colorless needles, m.p. @UC.) 327-328” (a&.). 



dl Methyr reserpale (LXXXI). dl Reserpic acid lactone (LXXIX) (449 mg) was 
dissolved in 135 cm* of absolute methanol containing 190 mg of sodium methoxide. 
The resulting solution was heated under reflux in an atmosphere of nitrogen for 
90 min. The cooled solution ww acidified @II 0.5 cm* of glacial acetic acid and 
concentrated to dryness in uocuo. The residue was dissolved in methylene dichloride, 
which was then washed once with water and twice with saturated brine. The organic 
layer was dried over anhydrous sodium sulfate, and evaporated. When the oily 
residue was crystalked from methanol/ether, 382 mg of dl methyl reserpate (LXXXI), 
m.p. (WC.) 236-2375” (dee.), were obtained. On further crystallization from methanol/ 
ether, and then from acetone, the melting point @UC.) was raised to 241-242” @kc.). 

Anal. Calcd. for C,H,,O,N,: C, 6664; H, 7.30; N, 6.76. Found: C, 66.52; 
H, 7.36; N, 6.78. 

-I 

dl Reserpine (LXXXII). dl Methyl reserpate (50 mg) and 3,4,5-trimethoxybenzoyl 
chloride (150 mg, m.p. 80-81“) were dissolved in dry pyridine (1.5 cm? and the 
resulting solution was allowed to stand at room temperature in an atmosphere of 
nitrogen for four days. The pyridine was then removed in vacua and the residue was 
dissolved in methylene chloride. The extract was washed twice with cold 1 N sodium 
carbonate solution, once with saturated brine, dried and evaporated to yield 183 mg 
of glassy residue. When this material was titurated with methanol/ether, 42 mg of 
crystalline rucemic reserpine (LXXXII), m-p. (WC.) 258-259.5’ (u&z.) were obtained. 
For analysis the material was recrystallimd twice from acetone/ether, m.p. (WC.) 
260-262” (dec.). 

Anal. Calcd. for &,H,,,O,Ns: C, 65.11; H, 6.62; N, 4.60. Found: C, 65.01; 
H, 6.65; N, 4.12. 

The infrared spectrum (KI!) of the racemic reserpine was found to be identical 
with that of natural I reserpine. 
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Resolution of rucemic reserpine. Rauxmic resew (113 mg, m.p. (vuc.) 260-262“ 
(dec.)) was dissolved in methanol/chloroform (3 : 1). d Camphor-lO-sulfonic 
acid (45 mg) was added. The solution was then concentrated on the steam bath 
to a small volwne, and a seed of I reserp&&camphor-lO-sulfonate was added. The 
colorless prisms (57 mg) which separated were recrystallized once from methanol. 
The beautifidly crystalline prisms (52 mg) which separated were partitioned in the 
usual way between methylene chloride and ice-cold 1 N sodium hydroxide solution. 
The organic layer was washed with water and saturated brine, dried over anhydrous 
sodium sulfate, and taken to dryness in vucuo. The residue was cryWlized twice 
from methylene chloride/methanol to give 28 mg of synthetic I reserpine (LXXXII) 
as beautiful colorless needles, m.p. (WC.) 286-288” (c&c.) ([a]: - 120”; c, 1.08 
(CHCQ). The mixture melting point (WC.) with natural I reserpine (m.p. (uac.) 
284-285’ (Alec.), [a]g - 118”; c, 1.08 (CHCla) was 285-286” (a&.). 

The infrared and ultraviolet spectra of the synthetic and natural reserpiries were 
found to be identical in all respects. 

1 

NATURAL I-RESLNPINE 

CNCI, 
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The residue obtained by evaporation of the mother liquors from the separation 
‘(above) of I reserpine-d-camphor-lO-sulfonate were partitioned in the usual way 
between methylene chloride and ice-cold 1 N sodium hydroxide. The organic layer 
was washed with water and saturated brine, and dried over anhydrous sodium sulfate. 
It was then taken to dryness and the residual base was crystal&d three times from 
methylene chloride. d Reserpine (26 mg) (m.p. (IYUC.) 281-284” (dec.), [a]g + 117”; 
c, 086 (CHCLJ) was obtained as colorless needles. 
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