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i;\t.c,ridctd trc:ttnic:iib of rnc!tli>.l rcscrliate \\.it11 refluxing mrthnnolic sotliiini rtict,lioxidc rvsultcd in it,s conversion to an 
isoiiiixr, nirt hyi nco-rcsc~rpnto. 'The st~ructiirc~ nnd stereochemistry of inc(.livl wo-rrserpnte h a w  been detcxrmiiied, and n 
incrli:~nism for its fornintion is proposcd. T h c  derived structure (11) is consistent with all the chemical facts and mTith the 
conforn1atioii:il rcquiwmeiits of the inolccule. 

The ~oiivcrsion of reserpine to methyl reserpate 
(I) is ~ rc l l  kiiown.2 The trimethoxgbcuzoate ester 
:it, C-11 was cleaved selectively hy subjecting re- 
serpine tjo methanolysis conditions. As methyl 
rcscrpatc can be converted back t'o reserpine by 
wtcrificnt ion with trimethoxybenzoyl chloride, it is 
c:le:irl~~ ideiit,ical with reserpine at all six opt'ically 
active centers. The stereochemistry of reserpine, 
:uid t,licrc:foro also of methyl reserpate, has been 
rigoroudj- est,ablishetl by degradation13 chemical 
conv(~rs i i l~ is ,~  and ~ y n t h e s i s . ~  

ll-hii<> stuclyiiig the methanolysis of reserpine to 
i y n t c ,  we found that the residues from 
O I I  of rnct,hyl irscrpate always had 

1 )p1 ic:d rot : i t  ioiis wl i id i  h:A bcon Phiftcd i n  the 
])osil,ivr tlircctioii. \\"kion nicl,hyl rcscrpntc i t d f  
\vas suL)jc>f;tcd i o  cstciidccl mci,haiiolysis (in reilux- 
iiig mc,t,hnnol caontaiiiing >odium met,lioside), its 
opt ic :~I  rotatioil \vas also shifted toward the positive 
( W C  Tablt: I ) .  

1 1  i,ccnvcrc:d aftcr refusiiig for sixty- 
f o u r  hours TV:LS c~liroi-natograplied on :tlumiiin, 

rcchrornat0g:aplied on l:lorisill and crystallized 
several times froin isnpmpyl alcohol to give a pure 
compound. Thc isomrric nature of this material, 
which we have called methyl neo-reserpate, was 
demonstrated by isolat,ion of several solvates as 
well as t,he anhydrous compound, and by formation 
of the hydrochloride, methiodide, picrate, p-tolu- 
ciiesulfonate, and p-bromobenzcnesulfonate dc- 
rivat'ives. The ultraviolet absorption spect'rum and 
p K ,  value of methyl neo-reserpate were essentially 
the same as those of methyl rescrpat'e (I), suggesting 
that no fundamental change had occurred in the 
indole ring system or in  the vicinity of X b  (tertiary 
iiitrogcn of ring C). Studirs on the structure and 
sf,ercochcrnistry, described below, have establishcd 
structure I1 for nlct,liyl neo-rescrpate. Structure I1 
differs from structure I only in the stereochemistry 
ar; carbon aiorns 16 and 17. 

A. considcrable amount of struct'ural information 
\\.as obtained by the comparison of the products 
from treatment of mct,hyl reserpate tosylate and 
methyl neo-re~erpat~e tosylate (V) with refluxing 
collidine. 111 the case of methyl resrrpate t ~ s y l a t e , ~  
Lhe major product isolated (287,) resulted from 
internal quakrnization of r\Tb with C-18. As direct 
displaccmcnt' of the 18p-tosylate is sterically im- 
possible, i i  has been assumed that the l7a-me- 
thnsJ-1 group partic,ipat,es first in the climinat'ion of 
the 18p-tosylatel and then in the attack of X b .  Tnw 
othcr products were isolated. A small amount of 
l i ,18-~nsaturated mat,erial (<1%) mas isolated5 
which resulted from the elimiriat,ion of p-tolucnc- 
sulfonic acid toward C-17. It was assumed3 that, 
this compound isomerized under the reaction con- 
dit'ions to the second major product (13,5%), 
methyl anhydrorcserpate (VII), 

With methyl neo-rescrpate tosylate (V), 110 
ciuaternary salt was formed. This suggests that the 
18-tosylatc of methyl nco-reserpnte tosylate is stJill 
$-nrient,ed, lmnuse ai1 a-tosyhte would be dis- 
placed readily. It further suggests that  since the 
1 i-methoxyl group was not able t,o assist the qua- 
l"xization, it is probably @-oriented also. The  
minor product ( 1.8y0) was methyl anhydroresrr- 
pate (VII). Alt,hough it  mas formed in low yield, 

( 5 )  H. B. MacPhillam el a!., unpublished work. 



i t 5  isolatioii proved three things: that  methyl 
nco-reserpate and methyl reserpate have the same 
3-ring skeleton ; that methyl neo-reserpate has re- 
tained the cis-junction between rings D and E;  
and that the positions of attachment of the func- 
tional groups on ring E are unchanged from those of 
methyl reserpate. 

The major product (73%) from the collidiiie re- 
flux was an isonier of methyl anhydroreserpate 
(VII) in which thc double bond was not conjugated 
with the carbomethoxyl but was conjugated only 
with the methoxyl group: v ~ ~ J ; O 1  1748 cm.-' (s), 
1688 cm.-l (m). This product was different from the 
known5 (17,18-unsaturated) isomer of methyl 
anhydroreserpate isolated from methyl reserpate 
tosylate. The difference between the two 17,18- 
unsaturated compounds can onlj- be a t  C-3 and/ 
or C-16. They cannot differ only a t  C-3 because re- 
fluxiiig collidiiie coiit aining p-toluciicsulfonic acid 
permits C-3 to take the iiiorc stable configuration. 
-1s the two 17,18-unsaturated isomers differed at  
C-10, the isomer from methyl reserpate tosylate 
niust have the 16P-configuration and the isomcr 
from methyl neo-rcserpate tosylate must have the 
16a-configuration (VIII). The formation of VI11 in 
high yield supports the 17p, 18p assignments, since 
ready elimination of p-toluenesulfonic acid is best 
tuplaincd as a trans diaxial elimination. From the 
amounts of VI1 and VI11 isolated, it is evident that 
i h ~  double bond nt 17,18 was not isomerized to the 
ICi,l'i-position undcr the reaction conditions, 
h : ~ l  I ) C C ~ I I  h 1 ~ p p ~ ) ~ ~ ~ d 3  for the methyl rcscrpatc serieb. 

In fact, the double boiid of VI11 was uot iso~u~~riz,c~cl 
t.0 the 16,17-position with either acid or b a x 6  

Consistent with the 16a assignnieiit was thc: 
inability of the carbon on C-16 to interact with 
Nb after lithium aluminum hydridc rcductioii of 
methyl neo-reserpate tosylate (V) and treatnient 
of the resulting 16-hydroxymethylcne compound 
wit'h tosyl chloride in pyridine, an int"xtioii that  
went readily3 in the methyl reserpate series. 1;ur- 
thermorc, the trans-relation of groups on C-1G and 
C-18 was supported by the inability of nco-rcscrpic 
acid (IV, R = R' = 13) to form a lactona undcr 
conditions used successfully with reserpic acid and 
3-iso-reserpic acid : acct,ic niihydride-p?'ridiiic," 
acetic anhydride-acetic acid,3 and iV,N'-dicyc.lo- 
hexylcarbodiimide-pyridine.* Aii attempt to  form :I 

lactone from methyl neo-reserpatc using alumiiiuni 
isopropoxide in refluxing xylene, conditions which 
had given a 01% yield of lactone with mcthj.! 
reserpatc,4 gave back starting methyl neo-rcscrpatr. 

Compound VI11 was hydrolyzed to the samc two 
ketones (VI and IX), epimeric at C-3, which had 
previousIy been isolated7 from methyl anhydro- 
reserpate (VII). 
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iii ring E cquat,orial, or C-2 (which is part, of ring l3) 
equatorial, hut' not both. Methyl ::-iso-rcscrpatc 
(partial formula XI), on the other hand, can have 
C-2 and the substituents on ring E all in the stable 
(quatorial conformation at  the same time. Methyl 
1,cscrpnt'e can therefore be epimerizcd in high yield 
at C-3 to met8hyl 3-iso-reserpate. 

Met'hyl neo-reserpate has C-2 and two of the 
three substituent's on ring E equatorial (partial 
forniula XII). .411 axial 18-hydroxyl group is coil- 
sistent with the ready climiiiat,ion (pre,sumahly 
trans diaxial) of t<he tosg1at.e and the brosylatc 
groups from conipouiids V and 111, niid with the 
greater difficulty of esterification of methyl nco- 
rescrpate. The t'ciidcncy of methyl nco-rcserpate to 
form st,able solvates with hydroxylic solvents ma!' 
involve bonding of tjhc solvent with both the axial 
hydroxyl and Xi, simultaneously. The epimer of 
incthyl neo-rcserpatc having the Sa-hydrogen would 
necessarily have two of thc four groups axial (par- 
tial formulas XI11 and XIV). l lc thyl  neo-reserpato, 
thcreforc, does not cpinicrize appreciably t,o its 
3-i some r . 

Thc driviiig forcc for t,he formatioii of methyl 
m m x r p a t ' c  (11) from methyl rcscrpate (I) is 
cssciitially thc samc ar that fo1- the formation of 
nict,h!d 3-iso-rcscrpat'c. Methyl rcscrpate in it,s 
chair conforniation must assuinc either ail axial 
C-2 or an axial orientation of the three groups on 
ring E. I'ormation of the 3-is0 compound relieves 
strain by changing 3-epiallo (3PH) to 3-allo (SaH), 
In  refluxing methanol containing sodium met,hoxidc, 
where conditions do not permit C-3 isomerization, 
t,he iiist':ihility of methyl rescrpate is relieved by 
c*hangillg thc: oriciitatioii of tmwo of t,he thrcc groups 
on riiig E. \\-c iiitcrprct, this coiivcrsioii as proceed- 
ing through a rcvci'sc JIichacl addit'ioil, t,o form tlic 
:ipo!.oIiirnbii~c-t\-po compound sho\vn tielow, fol- 
lo~vcd by Nichacl ndditmioii of met ha1101 to give 
inct'hyl nee-rcserpatc. This scquciicc is aii  cstciisiori 

OCH., 



of thc work of Godtfredscn and Vangedalg who 
carried out a Michael addition on apoyohimbine 
and isolated, similarly, the 16cr-carbomethoxy, 17p- 
methoxy derivative. 

The 3',4',5'-tri1nethoxybenzoyl and 4'-(ethoxy- 
carbonyloxy)-3',5'-dimethoxybenzoyI esters of 
methyl neo-reserpate (IV, R = CHI, R' = CO-Ar) 
were prepared as analogs of reserpine and syrosingo- 
pine, respectively, which are active hypotensive 
agents. The esters of methyl neo-reserpate had no 
hypotensive activity, showing once again the highly 
specific spatial requirements for functional groups 
of biologically active compounds. 

EXPERIMENTAL'" 

Methyl neo-reserpate (11) from methyl reserpak (I) .  A mix- 
ture of 17.5 g. of sodium methoxide and 100.0 g. of methyl 
reserpate in 1465 ml. of anhydrous methanol was stirred and 
refluxed for 64 hr. under a drying tube. The cooled solution 
was diluted with 1465 ml. of water, containing 53 g. of sodium 
chloride, and extracted with three 735-m1. portions of 
methylene chloride. The extracts were combined, washed 
with water and aqueous sodium chloride, and dried over 
anhydrous magnesium sulfate. The filtered methylene chlo- 
ride solution was worked up in two different ways: (a) 
Original isolation: the methylene chloride solution was 
stripped to dryness, leaving 74.4 g. of brown powder, m.p. 

-4nal. Calcd. for C,3H3~N20a.H20 (432.53): C, 63.87; H, 
7.46; N, 6.48. Found: C, 63.04; H, 6.95; N, 6.33. 

Fifty grams of this brown powder was chromatographed on 
2.5 kg. of neutral alumina (activity grade 11) in a column 
2.5 X 42 inches. Elution with benzene containing 570 meth- 
anol gave 23.4 g. of solid, [ a ] =  +53'. The material was de- 
colorized b;. passing it through a column of 410 g. of Florisil 
in  a methylene chloride-acetone (1 : 1) soiution. Removal 
of solvent left a yellow crystalline powder, which was crps- 
t:rllized twice from isopropyl alcohol to give 11.5 g. (15% 
yield from I) of the monosolvate of 11, n1.p. 148-152', [ a ] ~  
+51.9". The solvent was not removed by vacuum drying a t  
110" and 0.5 mm. for 20 hr. 

Anal .  Cdcd.  for C2&N2@5. C3H,0(474.G1) : C, 65.80; H, 
8.07; N,  5.90. Found: C, 65.75; HI 8.10; N, 6.04. 

(b) Subsequent workrips: The methylene chloride solution 
waB conwtitrated to 350 ml., seeded, and chilled overnight 
a t  5'. The white powder was collect.ed and dried, giving 27.0 
g. of crude 11, m.p. 110-147". Crystallization from impropy1 
al(.ohol gave 22.2 g. (20.7% from I) of white crystalline I1 
isopropanolate, m.p. 146-150', resolidifying and remelting 
227-228" dec., [ a ] D  $52.7". 

132-175', [ a ] D  +31.6". 

Aiial. Found: C, 65.80; H, 7.76; N, 6.15. 
From the methylene chloride mother liquors, by workup as 

described in (a)  above, an additional 7.6% of I1 isopropano- 
late was isolated, bringing the total recovery from I to 28.3%. 

Crystallization of I1 isopropanolate from ethanol gave I1 
etlianolate (which also would not desolvate under the drying 
conditions described in (a)  above), m.p. 156-160", [ a ] D  + 56.2 '. 

:inal. Calcd. for C2&ON2O5'C2&OH (460.58) : C, 65.20; 
€1, 7.88; N, 6.08. Found: C, 65.27; H, 7.33; N, 6 3 .  

(9) JV. 0. Godtfredeen and 8. Vangedal, Acta Cham. 
Scand., 11, 1013 (1957). 

(10) Optical rotations were taken in chloroform solution 
a t  25-28' unless otherwise specifipd. Melting points T C ~ P  

determined in an electrically heated aluminum block and 
are uncorrected. Most of the alkaloids either darkencd or 
decomposed a t  their melting point. Analytical samples were 
routinely dried in vacuum a t  75" for 3-5 hr. 

Crystdlizntion of I1 isopropmolatc froin n\r~t,h:iiiol p i v r  r 1 
methanolate, m.p. 224-225' dec., [ a ] ~  +55.8", Xi:, ?L'Ci--2?8 
nip ( e S8,OSO) , 267-272 mp ( e 4,860), 297 mp ( 6,290). 

Anal. Calcd. for C23H3~N~06 .CH~OH (446.55) : C, 64.55; 
H, 7.68; N, 6.27. Found: C, 64.86; H, 7.80; N, 6.16. 

Vigorous drying conditions ( l l O o ,  0.5 mm., 20 hr.) on I1 
methanolate gave anhydrous 11, m.p. 156-160", [ a ] ~  $57.8" 

226-227 mp ( E  36,680), 268-271 mp ( E  4,740), 207-298 
mp ( e  6, 110), p K ,  7.24 (40% methanol), 7.42 (80% Methyl 
Cellosolve); equivalent weight by electrometric titration, 
415.67. 

Anal .  Calcd. for C23H30N205 (414.51): C, 66.65; H, 7.30; 
N, 0.76; CH30, 22.46. Found: C, 66.39; H, 7.55; N, 6.44; 

Methyl neo-reserpate hydrochloride. A suspension of 0.50 g. 
of I1 isopropanolate in 10 ml. of methanol was treated with 
gmeous hydrogen chloride a t  5-10' for 25 min. Dilution of 
the methanol with 100 ml. of ether precipitated white crys- 
tals, which were collected, washed with ether and dried, 
giving 0.43 g. (90.5%) of product, m.p. 281-283" dec., [a]* 
+7.1' (chloroform-methanol 4: 1). 

Anal .  Calcd. for C23H31N206C1 (450.97): C, 61.26; H, 
6.93; N, 6.21; C1, 7.8G. Found: C, 61.10, H, 7.10; N, 5.92; 
C1, 7.81. 

The monohydrate had m.p. 274-27G' dec., [ a ] =  +5.3O 
(chloroform-methanol 4: 1). Anal .  Calcd. for C23H31N20sCl - 
H20 (468.99): C, 58.90; H, 7.09; N, 5.97. Found: C, 58.82; 
FI, 7.09, X, 5.97. 

Methyl neo-reserpale melhiodide. A solution of 0.50 g. of I1 
isopropanolate in 10 ml. of acetone was treated with 0.5 ml. 
of methyl iodide and allowed to  stand overnight a t  room 
temperature in the dark. The white precipitate was collected, 
wmhed, and dried, giving 0.55 g. (95.3Y0) of product, m.p. 
280-283" dec. One crystallization from 95% ethanol gave 
0.44 g. of product, m.p. 283.5-285' dec., [a]= -55.9' (pyri- 
dine). 

Anal .  Calcd. for C24HS3N?061.1/2 € 1 9 0  (556.45) : C, 50.98; 
H, H.06; N, 4.05; I, 22.45. Found: C, 50.78; HI 6.15; N, 4.61; 
I, 22.09. 

Methyl neo-reserpate picrate. A solution of 0.50 g. of 11 
isopropanolate in 15 ml. of 95% ethanol was diluted with 
10 ml. of a saturated picric acid in 95% ethanol solution. 
After being refluxed for 5 min., the solution was concentrated 
to half volume and chilled a t  5' overnight, giving 0.67 g. of 
yellow-orange crystals, m.p. 160-1 G5' dec. Two cryfitalliza- 
tions from 95% ethanol followed by one recrystallization 
from methanol gave 0.31 g. of yellow crystals, m.p. 235-237' 
dec., [ a ] D  +26.7' (chloroform-methanol 4: 1). 

rlnal.  Calcd. for C ~ ~ H ~ ~ N S O I Z  (643.62) : C, 54.12; H, 5.17; 
K, 10.88. Found: C, 54.81; H, 5.38; N, 10.01. 

A spectrophotonietric determination of the molecular 
weight" gave 639.76. 

Methyl neo-reserpate IS-@( S',4',6'-triiriethotybcnroale). 
A mixture of 2.0 g. of I1 isopropanolate in 100 ml. of dry 
pyridine was treated with 6.0 g. of 3,4,5-trimethoxybenzoyl 
chloride and then refluxed for 3 hr. in a moisture-free atmos- 
phere. The cooled suspension was filtered and the white solid 
was xashed with methylene chloride and dried, giving 2.73 
g. of methyl neo-reserpate trimethoxybenzoate hydrochlo- 
ride, n1.p. 256-257.5'. The crude hydrochloride was SUR- 

pended in 41 ml. of methanol, nmmoniiim hydroxide waa 
added ( to  pH 8), t,he solution was decolorized with activated 
charcoal, and the filtered solution was diluted with 200 1n1. of 
water. The white precipitat,e was collected, washed with 
n-xter, and dried, giving 1.88 g. (71.3%) of crude product .  
One crj,stallixation from benzene-isopropyl akohol, followed 
by precipitation from a methanol solution with water, gave 
1.05 g. of product, m.p. 163-170", [ a ] ~  +28.9'. 

Anal .  Calcd. for C33H4&;209*1/2H20 (617.71): C, 61.17; 
H, 6.69; K, 4.5:1. Found: C, 64.25; H, 6 . i 2 ;  N, 4.67. 

CHjO, 22.30. 

(1  1)  X. G. Ci~nningham, JJ7. Ihw.son, 2nd E'. P. Spring, 
J .  Chem. SOC., 2305 (1951). 



T11e ilionoh!.tlt,:iCcl? hail nl. lJ .  16:<-1ii!)", I c i ] i ,  i : 'I .roo. 
.1 ?!a/. Calcti. for C3aHtoN209 .H20((i20.72) : C, ti3.24; 11, 

Alethy1 nco-rcserpate i8-0-(~'-ethoxycarbonylox~-~' ,5'-  
dinietho.rybenzoate). A solution of 6.95 g. of 4-ethoxylcar- 
I~onyloxy-3,5-dimethoxybenzoyl chloride (m.p. 74-75', pre- 
p:Lred by reaction of the corresponding acid, m.p. 181-183", 
with thionyl chloride) in 35 ml. of dry pyridine was added to 
:I solution of 2.0 g. of methyl neo-reserpate isopropanolate in 
2,; ml. of dry pyridine, and the mixture was allowed to stand 
overnight a t  room temperature in the dark. The yellow pre- 
cipitnte  as collected, washed with methylene chloride, 
slrirrieti with hot methanol, and dried, giving 1.59 g. of 
Incthg.1 neo-rcserpatc 4'-ethoxycarbonyloxy-3',5'-dimeth- 
oxyhenzoate hydrochloride, m.p. 263-265'. The hydrorhlo- 
rille \vas dissolved in 16 ml. of acetone by addition of tri- 
ethylamine, the solution was diluted with 16 ml. of methanol, 
and the frce base was precipitated by addition of 200 ml. of 
1v:iter. The white powder was collected, washed with water 
and  dried, giving 1.41 g. of product, m.p. 155-163", [ m ] ~  

.4nal. Calcd. for C~BH~~NZOII  (666.74): C, 63.05; H, 6.35; 
N, 4.20. Found: C, 62.84; H, 6.54; N, 4.41. 

neo-Reserpic acid hydrochloride (IV .HCI, R = R' = H). 
A solution of 5.00 g. of I1 isopropanolate in 300 inl. of meth- 
:in01 containing 20.0 g. of potassium hydroxide was refluxed 
iinder nitrogen for 3.5 hr. The methanol was removed at 40' 
:it reduced pressure, and the residue was taken up in 100 ml. 
of water and washed four times with 50-ml. portions of chlo- 
roform. The aqueous solution was stripped to dryness (40", 
r.ediiced pressure) and the residue was taken up in 90 ml. of 
rnethanol and acidified with 7h' hydrochloric acid. The pre- 
ripitatcd potassium chloride was removed by filtration and 
rinsed with 40 ml. of chloroform-methanol (4:  1). The com- 
1)inetl filtrates were taken to dryness at, reduced pressure, 
the reaitlue was taltcn up in 200 ml. of chloroform-methanol 
( . I  : :{), insoliible potassium chloride was removed by filtra- 
tion and the filtrate was taken to dryness once again. The 
(.rinle product residue was dissolved in methanol, decolorized 
\\ ith activated charcoal, and diluted dropwise with 500 ml. of 
nilhydrous ether. The precipitated solid was reprecipitated 
rrom methanol-ethcr in the same way, giving 3.47 g. (65.8'35) 
of a light yellow granular solid, m.p. 237-242' dec., [U]D 
+.54.5' (methanol). 

. ~ ~ 7 1 d .  Calcd. for C Y Z H 2 ~ N ~ O ~ ~ H C l ~ H 2 0  (451.96): C, 58.05; 
11, 6.87, N, 6.16. Found: C, 57.97; H, 6.61; N, 5.89. 

,Ifethyl nco-reserpate p-to/uenesulfonate (V) . A solution of 
20.0 g. (0.0422 mole) of methyl neo-reserpate isopropyl 
:Ilcohol solvate in 200 ml. of dry pyridine was stirred and 
vooled in an ice hath, and 32.3 g. (0.170 mole) of p-toluene- 
siilfonyl chloride \vas added portionwise over 20 min., keep- 
i i ig t,he temperature below 15'. The red solution was alloFed 
to stand at rooin temperature for 3 days, poured onto GOO ml. 
o f  i1.e water, and extracted five times with 100-nil. portions 
o f  inethylene chloride. The combined, dark extracts were 
\v;tshcd once with 5% aqueous sodium hydroxide and twice 
with m t e r ,  dried over anhydrous sodium sulfate, filtered, 
:md stripped to dryness a t  reduced pressure. The dark red 
rrsidue was thoroughly slurried with 50 ml. of bcnzene, and 
then washed three morc times with benzene, and dried, giv- 
ing 15.79 g. (65.870'0) of off-white solid, m.p. 223-225' dec. 
l'his material was homogeneous by paper chromatography, 
and was suitable for subsequent reactions. 

An anrtl~.ticnl sample was prepared by crystallization from 
inethylene chloride-benzene followed by rrrrystallization 
f r o i n  acetone-benzene. The white prisms, n-hich had the same 

(j.76; N, 4.47. Found: C, 63.24; H, 6.67; N, 4.04. 

-t 18.6". 

(12) Methyl neo-reserpate trimethoxybenzoate. like rail- 
jmiidine,13 but in contrnst to resvrpine, melt,etl low, forincd 
:I inonohjdrate and hnd a singlc carbonyl band in thc in- 
ir:rrcd a t  1721 cni.-l 

( I : < )  P. 11. Ulshafer, 3t. 1,. Panclom, and R. €1. Nugent, 
J .  Org. Cheni., 21, 028 (105rj). 

lopcd a palc yalloi\. color ( 1 1 1  eiposiirr lc 
light; [ajn + 1 0 . 1 O .  

Anal. Calcd. for C ~ O I L ~ N ~ O ~ S  (568.66); C, 63.36; H, 6.38; 
N, 4.93; S, 5.64. Found: C, 63.61; H, 6.57; N, 4.88; S, 5.83. 

Preparation of VI11 and methyl anhydroreserpate (VII) from 
niethyl neo-reserpate p-toluenesulfonate (V). A suspension of 
9.8 g. of methyl neo-reserpate tosylate (V) in 80 ml. of 2,4,6- 
collidine was stirred and refluxed (the vapor temperature was 
allowed to  climb to 169-170" by boiling before refluxing was 
begun) for 3 hr. (complete solution after 2 hr.). No solids 
separated after cooling to room temperature or after chilling 
overnight a t  5'. The collidine was removed at reduced pres- 
sure as a water-collidine axeotrope, and the residue was taken 
up in chloroform. The  solution showed characteristic ionic 
tosylate absorption (A,,, 1015 cm.-I, 1038 cm.-', 1128 
em.-', arid 1164 cm.-I) in the infrared, but after being 
washed with dilute ammonia (and dried) it showed no such 
absorption. Solvent was removed at reduced pressure and 
the 7.17 g. of brown oily residue was dissolved in 25 ml. of 
benzene and chromatographed on 300 g. of acid-washed 
alumina (activity grade 111). Benzene eluted a mixture of 
VI1 and VIII, and henzene-acetone ( 1 : l )  eluted 5.1 g. 
(74.7%) of crude VI11 as an orange-colored amorphous solid, 
m.p. 12.5-133". Two crystallizations of the benzene-ncet,one 
eluate from acetone gave white crystals of pure VIII, m.p. 
239-240' der., [CY]D +43.3'. 

Anal. Calcd for C23H~8N201 (396.47): C, 69.67; H, 7.12; 
N, 7.07. Found: C, 69.77; H, 7.24; N, 7.30. 

The infrared spectrum in Nujol showed strong absorption 
at 1748 cm.-l, showing an unchanged rarbomethoxy group, 
and medium absorption at 1688 cm.-I, typical of enol 
ethers. 

The 1,enzenc eluate mas rechromatographed, arid material 
eluted wit,h benzene-acetone (1: 1) was crystallized from 
aretone, giving 0.12 g. (1.8%) of a yellow solid, n1.p. 252- 
258' dec. Ilccrystallixation From ethyl acctate gave pale y(>l- 
low crystals of methyl anhydroreserpate (VII) ii1.p. 2 i i -  
273" dec., [ N ~ D  -122.6". 

Anal. Calcd. for C ~ ~ H Z B N Y O J  (396.47): C, 69.67; 11, 7.12; 
N. 7.07. Found: C, 69.67; H, 7.12; N, 6.96. 

The infrarrd spectrum in Nujol was identic~nl with t,hat of 
authentic m e t h d  anhydroreserpate. (Reported for VII: 1n.p 
270-271' dec..* Tal'; - 1 2 9 O . j )  

I . . -  
Attempted isornerizntion 0.f 'VIII. (a)  Base treatment: A 

solution of 0.30 g. of VI11 in 3.0 ml. of 1.1: methanolic sodium 
methoxide was allowed to stand a t  room temperature over- 
night. The starting material was recovered and identified by 
melting point (233-239' dec.), infrared spectrum, and paper 
chromatography. 

(h) Arid treatment: A solution of 0.20 g. of VI11 in 2.0 ml. 
of C P  chloroform, containing a small amount nf gaseous 
hydrogen chloride, was allowed to stand a t  room tempern- 
ture (in the dark, under nitrogen) for 3 weeks. The infrarctl 
spectrum was unchanged from that  of thc starting solution. 

3-E.piulloreserpone (VI) and 3-alloreserpone (IX) from 
VIII. Following the proredure described by Heuhner et a1.7 
for the conversion of methyl anhydroreserpate (VII) to VI 
and IX,  2.00 g. of VI11 was dissolved in 25 ml. of 95'34 ethanol 
and 121 ml. of 12% aqueous hydrochloric acid and refluxed 
for 3 hr. Thc dark solution was made basic with 50% aqueous 
sodium hydroxide and extracted portionwise with a total of 
200 ml. of methylene chloride. The combined yellow-brown 
extracts were washed twice with water, dried over anhydrous 
sodium siilfntc, filtered and stripped to dryness a t  rediired 
pressure. The 1.18 g. of tan residue was chromatographrd in 
benzene solution on 35 g. of neutral alumina (Woelm activity 
grade 11-111). The third benzene fraction (50 ml.)  a.nd first, 
benzene-lOy0 acetone fraction removed 0.41 g.  (25.0%) o f  
IX, which was slurried with methanol to give whiic crysttils 
having m.p. 237-240' dec., [ a ] ~  -143.8", C*Hb"'L 227 ' 
n ~ p  ( E  36,433, 269-71 m p  (E 4,800), 298 inp (e 0,000). 

-4nul. Calcd. for CzoH2,P.;,Oz (324.43): C, 74.04; H, 7.46; 
N, 8.67. Found: C, 73.74; H, 7.45; N, 8.72. 



The infrared spectrum ( S  ujol) and paper chromatogram 
were identical with those of authentic IX,7 and different from 
those of authentic VI.? Recrystallization from methanol 
gave white needles of IX which melted 242-244.5' dec., 
[ a ] D  - 152.0", infrared spectrum unchanged. 

ilna2. Found: C, 73.75; H, 7.61; N, 8.71. 3-Alloreserpone 
(IX)I4 was reported' to have m.p. 236-239" dec., [CU]D 

Three subsequent benzene-lO% acetone fractions gave 
0.60 g. (36.6'30) of VI, which was slurried with methanol to 
give white crystals, m.p. 237-240" dec., [ C U I =  +89.9". 

-135'. 

Anal. Found: C, 74.23; H, 7.50; N, 8.88. 
The infrared spectrum (Nujol) was identical with that  of 

authentic VI7 but different from that  of authentic IX. 
Recrystallization from methanol gave white prisms of VI, 
which melted 242-244" dec., [a]  D +89.9", infrared spectrum 
unchanged. 

.4nal. Found: C, 74.12; H, 7.28; N, 8.82. 
3-Epialloreserpone (VI) was reported7 to have m.p. 240- 

The isomeric ketones VI and IX gave a mixture melting 
point depression of 30", as previously ~ b s e r v e d . ~  

Atternpled formation of neo-reserpic acid lactone. (a) From 
methyl neo-reserpate (11) : following the reaction conditions 
described for lactonization of methyl reserpate,4 0.50 g. of 
methyl neo-reserpate isopropanolate was added to a solution 
of 3.27 g. of aluminum isopropoxide in 48 ml. of xylene. 
After being refluxed for 2 hr., the solution was allowed to 
cool, and 0.37 g. ( i4.0yo) of starting material was deposited, 
1n.p. 216-219p dec., [CY]D + 53.0"; it had a paper chromato- 
gram and an infrared spectrum identical with those of start- 
ing 11. 

2430, [ C Y ]  'D' +729. 

.4nal. Found: C, 65.41; H, 7. i6 .  
Paper chroinatography of the mother liquors showed the 

presence of starting material, but not lactone. 
(b)  From neo-reserpic acid: reaction of neo-reserpic acid 

hydrochloride with either acetic anhydride-pyridine (under 
conditions which lactonized reserpic acid2), or acetic anhy- 
tiride-acetic acid (under conditions which lactonized 3-iso- 
reserpic acid3) or ,Y,S'-dicyclohexylcarbodiirnide-pyridine 
(under conditions which lactonized 3-iso-reserpic acid4) gave 
inaterials which contained no lactone according to infrared 
spectroscopy and paper chromatography. 

Attempted isomerization of methyl neo-reserpate (11). A solu- 
tion of 3.00 g. of methyl neo-rcserpate isopropanol solvate 
arid 0.20 g. of p-toluenesulfonic acid monohydrate in 25 ml. of 
collidine was refluxed for 4 hr. ( the vapor temperature was 
:Llln\i-ed to climb to 168-170" by boiling before refluxing was 
hegun). Oollidine was removed a t  reduced pressure as a 
collidine-water azeotrope hy succrssive addition of portions 
of water, and the yellow-brown residuc n-as taken up in 
methylene chloride, washed twice with dilute aqueous am- 
monia and once n4th water, and dried over anhydrous mag- 
nesium sulfate. After filtration, the methylene chloride was 
replaced by 30 ml. of isopropyl alcohol, and the solution \vas 
cooled a t  5' overnight. The white crystals of methyl neo- 
reserpate isopropanolate were collected, washed, and dried, 
givinq 2.20 g. (i3.370) of white needles which was identical 
with starting I1 isopropanolate (melting point, infrared 
spectrum, paper chronlatogram arid optical rotation). 

The isopropyl alcohol inother liquors were st ripped to dry- 
nws,  leaving 0.67 g. (22.370)  of red-brown residue which was 
different froin I1 in its paper chromatographic behavior and 
had [ a ] ~  -27.5'. 

~ .-. - 

i 14) Compound IX \VLLS originally called "reserpone."16 
It  was later found7 to have the allo-configuration, identical 
:tt (X3 with the 3-iso-reserpine series,s and has therefore 
t , t ~ i * r l  e :dld "isorc.serl)arlr"3 also. The isoineric compound 
\'I first isolatcd I)y Huehiirr, St. Andre, Schlittlcr, and 
~ l l ' ~ r 7  and having the samc configuration at C-3 as resrr- 
pint' l r : ~  rcwntly been callcd "re~crporic."~ 

( l j )  (1. F. Huebnrr, H. 13. .\IacPhilli~i~iy, .A. 11'. St. 
.\n(lr6, aritl E ,  Sc-lilittlvr, J .  . l ) i i ,  C'hc~n.  Snc., 77,  472 (1955). 

Methyl neo-reserpute p-bro,itobeizzc,Le~.ul~onale (111). 11 
solution of 10.00 g. of I1 isopropanolate in 67.5 ml. of dry 
pyridine was cooled in an ice bath, and 15.50 g. of p-bromo- 
benzenesulfonyl chloride was added portionmise over 5 min. 
with swirling and cooling. The yellow-amber solution was 
blanketed with nitrogen and allowed to  stand a t  room tcm- 
perature in the dark for 5 days. The red-brown crystdlinc 
cake was partitioned between 200 ml. of methylenc chloride 
and 100 ml. of water, the aqueous layer was extracted once 
more with 50 ml. of methylene chloride, and the combined 
methylene chloride solution was washed with 50-ml. portions 
of water (twice), saturated aqueous sodium bicarbonate 
(twice) and water (once), and dried over anhydrous sodium 
sulfate. The filtered solution was stripped to dryness a t  rc- 
duced pressure, and the brown residue was slurry-mashed 
five times with 50-nil. portions of benzene and twice with 
50-ml. portions of acetone, to give 10.83 g. (81.2%) of pale 
yellow-tan solid 111, m.p. 203-209'. An analytical sample was 
prepared by passing a solution of I11 in a large volume of 
methylene chloride-acetone (2:  1) through a bed of activated 
charcoal, removing solvent a t  reduced pressure, and slurry- 
washing the product with acetone. Pure white I11 had n1.p. 
212-214" (yellow melt, bubbles), [ a ] ~  $22.0'. 

Anal. Calcd. for C29H33Nt07BrS (633.58): C, 54.98; 11, 
5.25; N, 4.42. Found: C, 54.85; H, 5.32; N, 4.36. 

3-Epialloreserpone (\'I) from methyl neo-reserpate p-bi,o?iio- 
benzenesulfonate (111). A solution of 5.00 g. of I11 and 1.00 g. 
of triethylamine in a mixture of 118 ml. of dioxane and 40 
ml. of distilled water mas refluxed for 2 Iveelis. Samples were 
taken from the yellow solution a t  intervals, and paper 
chromatographic examination showed the gradual accumula- 
tion over several days of a highly polar intermediate, pre- 
sumably the enol ether of 16-carhoxy-3-epialloreserponr. 
The reaction mixture was acidified with concentrated hydro- 
chloric acid, refluxed for 2 lir.$ made basic with aqueous 
sodium hydroxide, and extracted with three 150-ml. portions 
of methylene chloride. The combined extracts were washed 
with water, dried over anhydrous sodium sulfntc, filterrd 
and concentrated. Crystallization from methylene chloridc- 
methanol (boiling off the methylene chloride) gnvc 0.00 g. 
(35.3%) of yellow prisms of VI, m.p. 239-241" dee., [a111 + 80.5 '. 

Anal. Calcd. for CloHn4N?O2 (324.43): C, iS.0-1; 11, 7.46; 
S, 8.67. Found: C, 73.89; H, 7.55; N, 8.26. 

An alternative work-up which cxposed thr  po1:ir intcrnwli- 
ate to only mild contact with aqueous acid gave the samc 
result: the reaction mixture 17-as strippcd to dryncss at rc- 
duced pressure and the yellow solid residue was extractctl 
repeatedly with warm aqueous acid. The aqueous acid CX- 

tracts were basified with aqueous ammonia and the flocculent 
yellow precipitate was collected and dried, giving 1.61 g .  
(62.8%) of yellow solid VI (paper chromatography), melt- 
ing incompletely 130-140". Crystallization from acetonitrile 
gave 0.70 g. (27.395) of fimall, light yellow prisms, 111.11. 
237-240" dec., [ a ] n  3-87.2'; a mixture iiielt,ing point with 
authentic VI showed no depression. The  infrared spectruln 
and paper chromatographic behavior were identical with 
authentic VI. 

Anal. Calcd. for <:218tIz4K202 (324.43): C, 74.04; 11, 7.46; 
N, 8.67. Found: C, 73.57; H, 7 . 5 3 ;  N, 9.88. 

Recrystallization from methylene chloridc-~~ielha~~ol 
gave 0.55 g. of pale yelIo\v prisms, m.p. 238-242" der., 
[CY]D +87.3".  

Anal. Found: C, 74.13; H, 7.58; N, 9.19. 
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~pos~norcafc.rl:irionc (111) was convcrted stercospccifically, zlin thc olcfin VI, to tct,r;tli~drocafcstol (11). This miction 
scqucnce allows thc (R)-configuration to be assigned to C-16 of thc ditcrpc,iic c:rfest,ol. 

Cafcstol, the pentacyclic diterpene constitueiit 
of coffee oil, recently' has been assigned structure 
and absolute configuratiori I, in which the configura- 
tion of all asymmetric centers save C-16 has been 
assigned. The configuration a t  the A/B ring fusion 
(ant>ipodal to thc steroids) was unambiguously 
de termincd by inems of optical rot'atory disper- 
sion studies.'S2 The establishment of configuration 
a t  the B/C/D ring junctures rested primarily on 
the coiiicidencc of the rot'atory dispersion curves3 of 
the iiorkctoiic II14r5 derived from cafestol (I) and 
the norketone IV68' derived from phyllocladenc 
(V), whose 2Lbsolutc configuration has been as- 
signed as indicated in V.8-10 Subsequent degradative 
experiments coupled with rotatory dispersion 
ineasurements afforded additional evidence for the 
(mifiguration a t  the B/'C/D ring junctures as 
depickd in I." 

The preseiit woi4 demoiistratcs that the remain- 
iiig usymriictric mi t e r  at (3-16 has the (R)-coli- 
fig~iratioii'~ as indicated in YII.  l 3  

( 1 )  C. Djcrassi, M. Ciiis, and L. ,4. hIitschcr, J .  AWL 
V / W J / .  Soc., 81, 2386 (1959). 

('1) C. Djcrassi, Opiicn2 Xofntor!/ Dispersion. AppIicnlions 
1 0  Orgc~nic Cheviistry, hIcGraa-Hill Book Co., Kcw York, 
1'360, ch. 10. 

1 3 )  C. Ujcrassi, 11. Itiniker, arid 13. Riniker, J .  A l t ~ ~ .  Chem. 

(4 )  .\. IYettsteiir. 1 4 ' .  IIiirrzikcr a r i d  I<. Jlicwhcr, He2il. 

( 5 )  11. 1). Haworth, .I. 11. Ji~bt,, ~ i ~ i t l  J. 11~1<~1111:1, J .  

S O C . ,  78, 6362 1105ti). 

f.'hitn. ilcltc, 26, 1197 (1Wj). 

('hem. SOC., 1'383 (1'355). 
(6 )  C. \Y. Brandt, .Yew Zeulund J .  Sci. T e d . ,  34B, 46 

( 7 )  W. 13ottonder. A. It. 11. Cole, and I). E. Khite. 
(1052). 

J .  'Ciena. sot., 262411035). 
( 8 )  L. €I. Brims. U. E'. Cain. 13. R. Ilavis. and J. K. 

The norltetoiie (111, cpoxS.iiorcafestaiioiie) oh- 
tained by lead tetraacetate clea1,agc of tctrahydro- 
cafestol (11)14 was converted to  the olefin (VI) by 
treatment with Wittig's reagent. The structure 
of VI, which was apparent from its iiicthod of for- 
mation as well as by its subsequent transformations, 
was confirmed by niicroanalysis and by its infrared 
,cpectrum. Hydroxylatioii of VI with osmium 
tetroxide led to a siiigle glycol (VII, purified via its 
acetate, VIIa) whose relative configuration fol- 
lowed from coilsideration of the steric courbe of 
the hydroxylation step. 11olccular models of the 
olefin VI (cf. VII t )  indicate that attack a t  C-16 
from the @-face of the molcculc is severely hindered 
hy the axial hydrogen atom attached to C-11. 
The large steric demands of oimiuni tetroxide in 
thc formation of the intermediate cyclic o m a t e  
ester therefore require attack from the side of thc 
methylene bridge; thus, the resulting glycol mubt 
have the (relative) configuration shown iii VI1 
((3-16 hydroxyl cis to thc methylene bridge). This 
argument is supported by the high degree of iterco- 
specificity actually obberred. Iiifrared exaniiiiatioii 
of the crude synthetic glycol and its acetate, a5 
~vcll as materials recovered from the m o t h  liquor.;, 
failed to reveal the presence of an epimeric com- 
pound. As the synthetic glycol (VII) and its ace- 
tate (T'IIa) prored to be identical, respcctively, with 
tetrahydroctifcstol (11) mid tctruhydrocnfcityl 
acsctatc (Ha), the uatural produrt has thc (*on- 
figuration depicted in VII. That this alio rcprcsents 
the absolute configuration follon-s from the prc- 
viously assigned absolute configuration of the 
methylene bridge. 

This result accords nicely with the scheme pro- 


