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mm. to  give a virtually quantitative rrcovery of 'V-car- 
bcthoxy-4-( 2-hy droxyethyl) -8- methoxy - 1,2,3,4 -tetrahydro- 
benz [fjisoquinoline as a glass-like substance, vEpa 3470 
(m, OH stretching) and 1665 cm.-' ( s ,  urethan, carbonyl). 

A n a l .  Calcd. for C1~HnaNOa: C, 69.28; H, 7.04; N, 4.25. 
Found: C, 69.29; H ,  7.32; N, 4.26. 

?i-CarboiiaethosUmeth y&-( B-hyd~oryethyl)-8-riie/hos~~- 
I,B,S,Q-fetrahydrobenz[flisoquinoliae (\'If). A solution of 2.62 
g. of 4-(~-hydrox!.ethyl)-8-methox\.-l,2,3,4-tetrahydrobenz- 
[ f j  isoquinolinc (VId) arid 1.54 g. of methyl bromoacetate 
in 150 nil. of pure t,etrahydrofuran was refluxed with stirring 
for 8 hr. during which time a white precipitate formed. The 
precipitate was removed by filt,ration and the filtrate was 
evaporated under reduced pressure to give a crystalline 
residue. Ilecrystallization of this residue from benzene- 
hesnrie gave 1.51 g. (457,) of the iV-alkylated product, m.p. 
124-127". The analytical sample of VIf had m.p. 127.5- 
128O, .::Fa 3450 (m, OH stretching) arid 1745 cm.-' (5, ester 
carbonyl). 

A n a l .  Calcd. for CI9H2&Oa: C, 69.28; H, 7.04; N, 4.25. 
Found: C, 69.70; H, 7.26; N, 4.38. 

The white precipitate obtained from the reaction mixture 

proved to be ~-(2-hydroxye th~l ) -8- )ne tho;c~-1 ,~ ,3 ,~- /e~rahi i -  
drobenz [f]zsopirznoline hydrobromide. The analytical samplc 
was crystallized from absolute ethanol-ether as a highly 
hygroscopic material, m.p. 197.5-198". 

Anal. Calcd. for C16Hn0BrN02: C, 56.81; H, 5.93; Rr. 
23.03; 9, 4.14. Found: C, 56.76; H, 6.19; Br, 23.23; N, 4.14. 

Treatment of the hydrobromide with base gave 1.15 y 
of unchanged starting material VId, representing a 41' 
recovery, n1.p. 135-136'. 

Acknowledgment. We are indebted to  Dr. V. A. 
Drill and his associates of the Division of Biological 
Research of G. D. Searle and Company and to thc 
Cancer Chemotherapy Sational Service Center for 
bioassays of some of the compounds. Compounds 
VIb, TIe,  and VJf showed essentially no estrogenic, 
or anti-inflammatory activity. Compounds T'Ih 
aiid VIf also lacked any appreciable androgciiicn 
activity. 
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Catalposide has been isolated from several species of Catalpa and has hcen established as a C2zH&2 compound; a D- 
glucoside and an ester of p-hydroxybenzoic acid. It contains one additional hydroxyl group and an isolated double bond. 

Catalposide was isolated from the fruit of Catalpa 
bignonioides in 1888 by Claassen3 who named it 
catalpin. It was reisolated from the same plant 
fifty-five years later by Colin, Tanret, and Chollet4v5 
who named it cstalposide. Still another isolation. 
this time from several species of Catalpa, x i s  made 
by I'louvicr.6 Catalposide is reported4s5 to give :L 
positive reducing test n-hen boiled with Fehling's 
solution, a positive xanthoproteic test, a positive 
biuret test, to be converted to a black polymer hy 
acid hydrolysis, and to  be hydrolyzed by e m u l s i i ~ ~  
In n more recent publication' catalposide is postu- 
lated to be a complex polysaccharide. 

The most striking property of catalposide is its 
destruction by acidic and enzymatic hydrolysis 
resulting in thc formation of colored solutions and 
l,lack, amorphous precipitates.'5 The sugar portion, 
h o ~ w w r ,  is stable arid rcmains in the hydrolyzate. 
From the optical rotation of this solution, it was 
coilchided that thc sugar was probably g l u c o ~ e . ~ ~ ~  
This tendency to decompose is reminiscent of thc 
aucubin types of glucosides, that  is, aucuhin,' 
monotropein, 10 asperuloside, plumierid, l2  and 
agnusid.13 Sone of the papers on catalposide report 
any analyses or derivatives or any attempts other 
than a melting point and a rotation to characterize 
it in a quantitative manner. This paper reports the 
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TABLE I 
SPECIES OF CATALPA EXAMINED FOR CATALPUSIUE 

Yield, 
Species Source %'" 

C. bzgnonzoidcs Walt. Tenn. 0 38 
W. Va. 0 23 
Switzerland 0 80 

C. speczosa Warder Conn 0 06 
C. Hybrtda Spaeth LZass 0 01 
C. ouata flazlescens LI ass. * 0 00 
C. bzgnonzotder aurea Lav. 1 \ I a s b  0 05 

a The yield data are questionable since it is certain thnt 
the glucoside concentration varies, probably increasing 
\\it11 the age of the fruit, reaching a maximum a t  the end of 
the season. The data are based upon weight of green fruit 
since the glucoside is rapidly destroyed after picking. 
lJ ;\mold Arboretum of Harvard University. 

isolation of catalposide from some additional species 
of Catalpa and analyses of the glucoside and twelve 
rrystalline derivatives which establish a molecular 
formula and some of thc functional groups. In  ad- 
dition, three simple degradations are given. 

Catalposide has been isolated from Catalpa big- 
nonioides W2~lt.,~-6 C. speciosa C. ovata 
Don. (Kaempferi Sieb.) ,6 and C. bignonioides japon- 
ica Rehd.6 Using a color test, Plouvier showed6 
that the glucoside was probably present in C. 
bignonioides pulverulenta Hort ., C. bignonioides 
Koehnei Dode, C. bignonioides purpurea Rehd., and 
C. bignonioides semiplena and that it was absent in 
C. Duclouxii Dode and C. Fargesi Bur. The majority 
of the glucoside used in this investigation was ob- 

- 1 7 4 O ,  was similar but not  identical to the re- 
ported3s4 value, [a]:  - 166'. The ultraviolet 
spectrum in ethanol showed a single major peak a t  
260 mp, log E 4.27, which shifted in sodium hy- 
droxide to 303 mp, log E 4.33. The infrared spectrum 
showed, among others, peaks a t  5.87p, 6.05p, and 
6.2p corresponding to  a carbonyl, a double bond, 
and an aromatic system. Catalposide gives a posi- 
tive ferric chloride test and negative tests for a 
methylenedioxy group,I4 for a phenol with a vacant 
para position (Gibbs' test),I5 and for an o-dihydroxy 
or 1,3-diketone grouping.I6 

Catalposide acetate gives a positive test with 
tetranitromethane," confirming the double bond 
observed in the infrared spectrum. The analysis of 
catalposide showed the probable absence of meth- 
oxy1 and acetyl groups and was consistent with the 
molecular formula C22H26012. The small value for C- 
methyl (0.36; calcd. for one group, 3.11) may or 
may not be significant. Molecular weight determina- 
tions on catalposide by Rast or ebullioscopic meth- 
ods gave widely differing values (320 to 1703; 
calcd., 482) but satisfactory Rast values were ob- 
tained on the hexaacetate (723, 800; calcd., 734) 
and the hexabenzoate (113, 1214; calcd., 1107). 
Supporting molecular weight data were obtained 
by quantitative microhydrogenations of catalpo- 
side (488, 486) and its hemacetate (706, 744). 
Microtitration of catalposide in 3Iethyl Cellocolve- 
water showed two inseparable acidic functions 
with a pK,' of 9.97. The reactions that were car- 
ried out are summarized in the diagram. 

Pentaacetate Catalposide Dihydrocatalposide 
C3&8017 

__t methyl ether --+ methyl ether L 

/ C2aH2,01z CziHmOi, \\ OCH3 

I 

OH Catalposide - Dihydrocatalposide Pentamesylat e 
C22H28012 CwH.mOzS, 

Hexamesylate 
C Z B H ~ O O ~ ~ %  

Hexamesylate 

Hexabenzoate Hexaacetate Dihydrohexaacetate 
Cs,HsoOiB C34H38018 A C34H40018 

t ained from C. biynonioides Walt. and C. speciosa 
IVarder, but several other species were investigated. 
These data are summarized in Table I. 

Catalposide exhibited dual melting points (173- 
178' and 213.7-215.7') similar to those reported4vs 
( ] G O 0  and 212') when crystallized from water but 

mol-ethyl acetate. Several derivatives showed a 
similar behavior. The rotation in water, [a];' 

On hydrogenation with 570 palladium-on-carbon 
in ethanol, catalposide reacts with one mole of 
hydrogen to yield dihydrocatalposide which crys- 

(14) 0. A. Stamm, H. Schmid, and J. Buchi, Helv. Chim. 

(16) F. Weygand and E. Csendes, Ber., 85 ,  45 (1952). 
( 1 7 )  L. Ruzicka, H. w. Huyser, M. Pfeiffer, and c. F. 

Acta, 41, 2006 (1958). 
()lily the higher value when crystallized from meth- (15) H. D. Gibbs, J. B i d  Chem., 72, 649 (1927). 

Seidel, AWL., 471, 25 (1929). 



tallized both as a nionomrthanolate and in an an- 
hydrous form. The infrared spectrum of this com- 
pound in potassiuni bromide no longer shows a peak 
a t  6.03 ,u and its acetate gives a negative tetranitro- 
methane test. Perhydrogenation of catalposide 
with platinum oxide in acetic acid does not yield a 
crystalline compound, but does show the presence' 
of five unsaturations. Both catalposide and dihy- 
drocatalposidc yicld moiioinrthyl ethers when 
treated Jvith diazomethaiie in methanol-ether. Thc 
reduction of catalpo,side methyl ether to give di- 
hydrocatalposide mrthyl ether identical with that 
formed by hydrogenation followed by methylation 
suggests that both reactions take a normal course. 
Catalposide methyl ether shoivs no acidic proper- 
ties. Thus, a monomethylation appears to block 
both of thr acidic functions noted in catalposide. 
Thcsc nionomrthyl ethers, as ~vell a:, th t  crystalline 
monomrthaiiolatr of dihydrocatalposide, gave cor- 
rect aiialysrs for one mrthoxyl groiip, thiis further 
c~orrobornting the nmleciilar formula. 

Each of the foiir rompoiinds, catalposide, dihy- 
drocaatnlposide, catalposidr nirthyl ethcr, and di- 
hydrocatalpo4de methyl ether was convcrted to  
an acttatc and a niesylatr (methanesiilfoiiate) 
In addition, a benzoate of catalposide was prepared. 
Catalpos.de and its dihydro derivative gave hrxaacyl 
or mesyl derivatires whilc thc methyl ethers gavc 
penta- de ivatives. The acetates werc nicely crys- 
talline (*ompounds with good melting pointi but 
did not gi1.e concahisive rridrnce of thc number of 
acylable hydroxyl groups due to the similarity of 
the carbon-hydrogcn ratios of the conipmiiidc. and 
their acetates. Thuc, i t  w a s  necessary to prcpare thr  
mesylatts n-ith their extra iiilfiir atoms. Thew 
mcsylatci were cv-yitnllinc aiicl a11 gave good analy- 
ses, but the meltiiig points werecatalytic decomposi- 
tion points and ivcrr crratic. Thc reduction of catal- 
poside hexaacetatc to the sanic dihydrocatalpoiidc 
hexaacaetatr obtaiiicd hv  rrductior followrd by 
arctylation s h o w  that the rcdiictioii and acrtyla- 
tion take a normal course. Thiii, it can be (*on- 
rliidcd that catalposidr has six arylable hydroxyl 
groiipi. Of these. four are probably in the sugar 
portion and tn  o are in the aglycone. Of the latter 
tmo, onr is \iifficiently acidic to hc reactire tn 
diazomethaiir. 

=\t present, only th iw  simple degradations h a w  
bcen cnrricd oiit on catalposidr. In the first degrada- 
tion, catalpocide was boiled with 0.05N hydrochloric 
acid. The aglucone was hiit 11-glucaose 
was isolated from the hydrolyzate and identified, 
after sui table treat men t , li( as its P-pentaacetate. 
Thus, catalposide, as previously s~ igges t ed ,~ ,~  with- 
out adequate proof, is a glucoside. Its lability t o  
eniiilc.in"5 7 establishes thr gliicosidic linkage to be 
beta. 

The second and third degradations are similar 
and explain several of the above experimental facts. 

118) C. S. Hiidwn, .J .  Inrl. h'na. C h m . ,  8, 380 (1916). 

Catalposide and dihydrowt alposiclc methyl cthci 
were saponified with 0.03N sodiuni hydroxide at 
35' to  give 93 and 967, yields, respectively, of 
p-hydroxybenzoic acid and p-niethoxybenzoic acid 
(anisic acid). Thus, catalposide is an ester of p -  
hydroxybenzoic acid or is a 1 ,%diketone yielding 
the acid on base treatment. Thc negative test for 
1 ,%dikrtones mrntionrd ahove fnvors thc forme1 
conclusion. The frer phcnol grorip explain\ the 
positive ferric chloride aiid \;:tnthoproteir trits and 
clarifies one of thr  acidic fuiirtionh Its para rrlntioii- 
ihip explains the negativr Ciilit), test l5 Thr> micro- 
titration was carried oiit slov ly and its plntrau \vas 
at relatively high pH valucs (8 5-11..5 with irregu- 
lar curve). Since catalpoiidc monomethyl c>ther 
can not be titrated, the second acidic function of 
catalposide probably involves snpoiiification and a 
titration of p-hydroxybenzoic acid. The aromatic 
cster rrsidue accviints for the observed infrarrd 
rarhonyl aiid aromatic peaks at .j 87 p and 6.2 I.(. 
I t  shoiild be noted that agniisid13 has been for- 
mulated as an ester of p-hydroxybenzoic acid and 
aucubing and that it also has infrared peaks a t  3.86 
,u and A 2 ,u. 

When the ultraviolet spectrum of ethyl p-hy- 
droxybenzoate was subtracted from the sprctriini 
of catalpoqide, a new curw having a maximum a t  
270 mp, log E 3..i7, was obtained. A similar observa- 
tion \'-as made when ethyl p-methoxybenzoate wi 
compared with csatdposide methyl cther aiid when 
ethyl p-aeetoxybenzoatc was compared Lbith catal- 
poside hcxaacetatc. Thest diff erences cannot be ex- 
plniiird as yet. The iiltraviolet spectra of catalpo- 
side and dihydrocatalposide are identical. Thus the 
casily reduced double bond is not conjugated. Tht> 
ihift obicrved when the ultraviolet spectrum of 
vatalposide is rncasured in base is readily explained 
hv the phenol group. 

The benzene ring and the isolated double bond 
ac*count for four of the fivc iinsatnrations found on 
perhydrogenation Thcrc I:,, as yet, no evidencr to 
iiidicatc whpthcr this fifth unsaturation is a doublc 
1mid or is some grouping sensitive to hydrogenoly- 
sic The hydroxyl groiipy, tht. ester linkage, and the 
glucosidic v g a r  linkage account for ten of the 
twelve oxygeni. The following diagram illiistratrs 
the present statc of the prohlcni whcrc CgH& rep- 
rrscnti the iuiknowi portion contazning the doublc 
tmnd carbolic. The thcorc.tical agliiconr. nithorlt thc 
p-hydroxybenzoyl group is C8Hl2O5 in ,vhich thrct. 
oxvgeni nre present as hydroxvl groups. 

I-OH I \ '  ,c=c, 



1~:XPE;RlMENTAL 

The nielting points were determined 011 a Kofler Hot Stage 
nielting point apparatus and are corrected. The niicroanaly- 
ses wcrv ~)erfornied by Geller Laboratories, Bardonia, 
S .  T., 1)rs. \Yriler and Straus, Oxford, and H. Frohofer, 
Chemical Institute, University of Zurich. Before analysis, 
the compounds were dried under high vacuum over phos- 
phorus pr~ntoside and potassiiim hydroxide a t  105". unlrss 
no t,ed. 

. Icdntrs. 'l'hc< compountl to k1c acetylated, 0.1 g., \v:ts 
clissolvrtl i l l  :L inixtiirc~ of 2 ml. of anhydroiis pyridinc antl 2 
nil. of :rc:eti(. ;tnhydritlc. Aftcr standing a t  35" for at least 
15 hr., th r  misturc, was poured on ice. The solid was rr- 
inovrd l)y filtratiori and crystallized from :tbsolute ethanol. 

. l fesy~ute ,~,  The, compound to be mcsylated, 0.1 g., was dis- 
solved in 2 nil. of drj. pyridinr and cooled to - 15". Methan- 
siilfonyl chloridr, 0.5 nil., was added and the mixture was 
:tllo\ved to warm to 0" over 3 hr. The mixture was cooled 
:igain to - 12" and water \vas added, dropwise a t  first, until 
:i solid precipitated anti dissolved and a second precipitate 
formed. 'l'his solid \vas rc~novrd by filtration and dissolved 
xithont drying in :I miniiniim of cold l07L pyridine in  ace- 
tone and cryst:illizetl by tlic :tddition of methanol. Thr nics- 

allized from the same solvent system. 
iporitlc. 'Th(s friiit of Catalpa b ipnn io ides ,  

14.5 kg., ~v:is ~iic~lic~l, split, Irngthwise, broken into small 
p i e e ~ ,  and  dropped into 8 1. of Iioiling ethanol in the shortest 
possible time. The mixtiircl \VUS boiled for 3 hr. and filtered, 
and the friiit \\:is boiled for five inore hours with a fresh 
portioii of cthanol. Th( '  c~omi)ined, filtered extracts wew 
waporatcd uiit1t.r vaciiuni to about, 3 1. and made basic 
with barium hytlrosid(L. The, resulting mixture was treated 
with coiicrntratrtl 1r:itl :iwtate solution until no inor(' 
precipitate formrd and filtered through a pad of a filter aid 
(Hyflo 8iipercrll). Conwntratcttl sulfuric acid vas  adrleti. 
tlropv,%e, to thra solution iintil 110 more precipitate formed 
:inti thc sliirr). \V:W again filttwtl through Hyflo Supcrcell. 
The filtrat(3 \v:is c~xtractc~cl thrcscb times with ether to remove 
acetic acid, t.v:iporatcd, i indor  vacuum, to about 1 1. ant1 
:dlowtd to stand ovclrnight a t  -4'. The resulting precipitate, 
consisting of sinal1 crescent shaped crystals, was removed t)y 

et1 three times from 1.5 1. portions 
drying a.t room teinperature ovw 

sulfuric acid and potassium hydroxide, 97.6 g. of catalpo- 
.7' after partially nielting a t  173-178°. 
l(iOo : ~ n d  212'). An additional 18.6 g. 

itot:il I16 g., (I.8Ur'i) \ \ : is  o1)t:tinc~tl from the mothrr liquors. 
'I'he hoinogc~iir~it\. \vas tl~nionstratccl by paper chroniatogra- 
phy using cthyl :tccst:itc,-:icctic :tcid-wattxr (9:2:2)19 anti 
biitanol-p\.ritlinc,-rv:it(.r i 10 :3 :3 )19  as eli~cnts and by tliiri 
layer (diuinschicht 1 ~~hroinatogr:ipl~y~'~ on silica-gel with 
methanol :ts (~ lu(~nt .  'I'hf, sl'ots on paper iwrc black in iiltrn- 
1 iokt light :ind were also developed by the pcriodntc- 
prrmangari:itc.-l,c.nzidinc. spray of IYolfrom and J2iller.21 
The spots on the siliox-g(~l l:i>.crs \vrr(' dcvc~lopcd with cnn- 
t-entrated siilfuric noi t l .  

The an:il~~t,ic:il ,wniplc, ni.1). 215-216.5', [e]?'.' - 184' 
( c  0.87 in ~ncthanol), [a1 :: ' '  - 174' ( c  0.92 in wi t r r  ) n w  
rrcrystallizetl t n - i u s  froni melt lianol-ethyl ac~ ta t e .  

.172nl. C:ilcd. for <:.?H?601?: C, 54.77; H, 5.43; mol. Xvt., 
482.43. Foiintl: (:, 54.7!), 54.87; H, 5.52, 5.51; mol. wt. by 
perhytlrogc,tiation, 4!Jl, 502 [6.305 mg. (7.174) of catalposidc 
and 53.4 nig. (33.7) of platinum oxide in 5 ml. of acetic acid 
absorbed 5.03 moles (4.80) of hydrogen in 2 hr. a t  20'1: 
mol. wt. by hydrogmation, 483, 484 [32.043 mg. (30.96,5) 
of catalposidc and  68.5 mg. 140.0) of SC$ pd1:idiuni oil 

carbon in 5 rnl. of cthirnol absorbed O.$J!JY mole (1.004) of 
hydrogen in 4 hr. a t  20'1 ;mol. wt .  by basic microtitration in 
Methyl Cellosolve-water, 492 ( 2  moles of base) with p&' 
9.97; CHJC), 0.36; CHICO, 1.11; CHIC, 0.36. 

The infrared spectrum in potassium bromide showed the  
following peaks: 2.92 (s.), 3.45 (w.) ,  5.87 (s.), 6.04 (m.), 
C.2 (s.), 6.36 ( in , ) ,  6.6 (in.), 6.9 to 6.98 (w.), 7.12 (n..), 7.2 
(m,) ,  7.4 (m.), 7.62 (m.), 7.76 (s.), 7.97 (s . ) ,  8.15 (s.), 
8.51 (in.), 8.58 (in.), 8.75 (m.), 9.05 ( s . ) ,  9.19 (s.), 9.32 ( s . ) ,  
!I.,? is.), 9.8 to 9.86 ( s . ) ,  10.08 (s.), 10.35 (s.)> 10.85 (w.). 
11.04 (n,.), 11.2!1, (w.), 11.46 (w.), 11.7 (ni.), 11.0 (w.), 
12.3 (K.) ,  1 2 , M  (s.), 13.64 (w.), 14.23 (m.) ,  and 14.54 
(\V.). 

yield and showed two 
tiistinct crystalline forms. V7heii crystallized from acetone- 
ivater, the m.p., xvhich persisted after drying, v a s  100-105". 
The analytical sample, m.p. 141.5.-142.5", [aIz1g' - 106" 
(c 0.75 in chloroform) was recrystallized thrre times from 
ethanol. 

.Lnal. Calcd. for C3iH3~018: C, 55.58; H, 5.22; CHaCO, 
35.15; mol. v t . ,  734.64. Found: C, 55.45, 55.57; H, 5.40, 
5.52: CH3C0, 35.15, 35.40; mol. wt., Iiast, 800, 823; mol. 
ivt. ljy perhydrogenation, 7-41, 744 [10.937 nig. (10.413) of 
r:ttalposide hexaacetate and 35 m g .  (53.4) of platinum oxide 
in  5 nil. of acetic arid absorbed 4.04 moles (4.94) of hydrogen 
in 1 hr. a t  20'1 ; mol. wt. by hydrogenation, 697, 706 [l9.727 
nig. (23.2%) of catalposide hesaacetate and 68 mg. (18.7) 
of 5% palladium-on-carbon in 5 ml. of ethanol ahsorbed 
1.05 moles (1.06) of hydrogen in 1 hr. at 20'1. 

The hexamcs~ylate was prepared in 61 7; yield and showed 
in.p.'s ranging from 168" to 205". The analytical sample was 
rrcrystallizcd four times from pyridine-acetone-methanol. 

-1nal. Calcd. for C~aH:i,o?&: C, 35.36; H, 4.03; S, 20.28. 
Found: C, 35.42, 35.53; H,  4.23, 4.13; S, 20.23, 20.46. 

The hexabenzonte was prepared hy allowing catalposide, 
2.0 g., to react n-ith 5 ml. of benzoyl chloride in 28 ml. of 
pyridinc. After 14 hr. at 40", the mixture \vas pourcd on ice 
and filtcred. The solid ]vas washed thoroughly with sodium 
carbonate solution and watrr arid recrystallized four times 
from ethanol to yield 0.96 g., 21 5,; ~ of catalposide hesaben- 
zoate, m.p. 174..5~-17,i.,io, [a]?  - 75.3" f c  0.80 in chloro- 
form). 

.lnal. Calcti. for c64&&: C, 60.43; € I ,  4.55; mol. wt., 
1107.04. Foiind: C! 69.39, 6!).03; H. 4.80, 4.55:  mol. wt., 
Rast, 1214, 11 13. 

Dihlidrocntniposidc,. C:{ talposide, 0.741 g., was hydrogen- 
:ited a t  atmospheric pressuro and 20' in 20 nil. of ethanol 
ovcr U.321 g. of 5'7; pallatiiiim-on-r:irbori. After the absorp- 
tion of 1.09 moles of hydrogen. th r  catalyst \\-as removed bj. 
filtration, tht. solwiit \vas removed under v a c u ~ ~ ~ i i  and thr 
residue was c:rystallized from methanol to give 0.675 g. 
(855,;) of dihydrocat:ili)tisid(, niethanolatr. The analytical 
sample, n1.p. 149-151 O (loss of Polvent), was recrystallized 
tivice from mt,thaiiol a n d  vacuum dried a t  78". 

Anal .  Calcd. for C,,H,,OI:CII,OH: C, 53.48; H, 6.25;  
CH,O, (i.01. Foiintl: C, 5?,.52, 3 . 4 2 ;  H, 6.08, 6.04: CH,O, 
(i.66. 

\Then dihytiroc:ttnlposide was rtw>.stallized from cthanol- 
l)eneene, the anhydrous substnncr \v:is obtained. The analyt- 
ical sample, m.p. 212-214", [CY]': - l?AJ0 (c  0.85 in metha- 
iinl)  was recrystallized three times. 

Ann/ .  Calcrl. for C2:H?s01?: C, 54.54; H, 5.83. Found: C, 
,54.84; H, 5.85. 

The hernncetnte was prepared in 655; yield and the ana- 
lytical sample, m.p. 14(3-150", [e]ZD3.' - 82.3" (c 0.92 in 
chloroform) \vas recrystallized three times from ethanol. 

~ l n a l .  Calcd. for C31H&s: C! -55.43: H, ,5.47. Fonnd: C,  
55.45, 55.53; H, 5.67, 5.52.  

Dihydrocatalposide hexaacetat,e \vns :tlso obtained in 750C 
j+ld by the catalytic hydrogenation of catnlposidc hexa- 
:trctate in rthanol with a 5?; p:~llndium-on-c~:irbon catalyst. 

I h(, he.rntttea!,dulr \vas prepared in  ,555 yield and the ana- 
1ytic:il samplr.: m.p. 147-148.5°, \vas rc~rrystnllizrtl four times 
from ~~~~rirlinc~-:ic~c~tollc.-mrthni~th~i~oI. 

'l'he hesaacettstr was prepared in 71 

.. 
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Anal. Calcd. for C28H40024S6: C, 35.29; HI 4.23; SI 20.19. 
Found: C, 35.11; H, 4.31; S, 20.04. 

Catalposide methyl ether. Catalposide, 0.744 g. was dis- 
solved in 75 ml. of methanol, filtered and treated with about 
1.5 g. of diazomethaneZ2 in 120 ml. of ether and allowed to  
stand a t  -4" for 15 hr. The excess diazomethane and sol- 
vents were distilled and the residue was crystallized from 
methanol to give 0.708 g. (93%) of catalposide methyl ether, 
m.p. 210-212'. The analytical sample, m.p. 214-216" dec., 
was recrystallized once from methanol and twice from water. 

A nul. Calcd. for CZ3HP8012: C, 54.64; H, 5.68; CH30, 6.25. 
Found: C, 55.55; H, 5.79; CH30,  6.38. 

The pentaacetate was prepared in G,570 yirld and thc, :ma- 
lytical sample, m.p. 148.5-149' was recrystallized three tinics 
from ethanol. 

And. Calcd. for C33H38017: C, 56.09; H, 5.42; CH30, 
4.39. Found: C, 53.2G; H, 5.56; CH30, 4.43. 

The pentamesylate was prepared in 67% yield and the 
m.p.'s varied between 157" and 175". The analytical 
sample was recrystallized five times from pyridine-acetone- 
methanol. 

A n a l .  Calcd. for C28H3802~SS: C, 37.92; H, 4.32; SI 18.08. 
Foi nd: C, 38.01; H, 4.55; S, 17.84. 

Dihydrocatalposide inethyl ether. Dihydrocatalposide, 0.892 
g., xvas methylated by the same procedure described for 
catalposide. The residue after solvent evaporation was 
crystallized from methanol-ethyl acetate to give, in two 
crops, 0.675 g., 7473, of product. The analytical sample, 
m.p. 194-195", was recrystallized once from water and twice 
from methanol-ethyl acetate. 

A n a l .  Calcd. for C23H30012: C, 55.41; HI 6.07; CHsO, 
6.22. Found: C, 55.78; H, 6.38. 

When the compound was crystallized from water, another 
crystalline form was obtained which fused a t  120-126°, 
crystallized and melted again a t  175-177°, crystallized again 
and finally melted a t  191'. 

Anal. Found: C, 55.26; H,  6.01; CH30, (3.63. 
Dihgdrocatalposide methyl ether was also obtained by the 

catalytic hydrogenation, in ethanol, of catalposide methyl 
ether with a 5y0 palladium-on-carbon catalpt .  

The pentaacetate was prepared in 88% yield and the ana- 
lytical sample, m.p. 163-1G4", was recrystallized twice from 
ethanol. 

ilnal. Calcd. for C&,oOn: C, 55.93; H, 5.69; C&O, 4.38. 
Found: C, 55.95; H, 5.45; C&O, 4.56. 

The pentamesylate was prepared in 69y0 yield and the 
analytical sample, m.p.'s from 150 to 15G0, was recrystallized 
three times from pyridine-acetone-methanol. 

Anal. Calcd. for C28H40022S6: C, 37.84; H, 4.54; S, 18.04. 
Found: C, 38.00; H,  4.57; S, 18.15. 

Isolation of P-D-glucose pentaacetate. Catalposide, 0.283 g., 

(22) Prepared from 10 g. of Diactin, N-methyl-Ar- 
nitroso-p-toluenesulfonamide, T.  J. De Boer and H. J. 
Backer, Rec.  trav. chim., 73, 229 (1954). 

in 20 ml. of 0.5A' hydrochloric acid was heated on a water 
bath until paper chromatography indicated complete 
hydrolysis (about 17 hr.). The black solid was removed by 
filtration and the filtrate was treatrd with decolorizing cnr- 
bon, filtered, and passed slowly over a column of w a k l y  
basic exchange resin (Amberlite IR-45) to remove the hydro- 
chloric acid. The eluate was again trrated vi th  carbon, 
filtered and evaporated, under vacuum, to a colorless sirup. 
Two portions of benzene were adtird and cvnporated to dry 
the sample which was subsequently warrncd on a n-atclr hath 
for I .5 hr. vi th  4 ml. of acetic nnh!dride and 0.5 g. of 
frcshly fused sodium acetate. The mixture wts poiireti on 
ice and the resulting precipitate was crystallized from eth:t- 
no1 to give 0.023 g., lo%, n1.p. 129-131 ', lit.'* 132", of P-n- 
glucose pentaacetate. The infrared spectrum was identical 
with tbat of an authentic sample and the mixture melting 
point was not depressed. 

Isolation of p-hydroxybenzoic and  p-methorybenzoic acids. 
Catalposide, 0.202 g., was treated with 40 ml. of 0.05.l' 
sodium hydroside a t  35" for 15 hr. Continuous ether extrac- 
tion yielded nothing. The solution was acidified with con- 
centrated hydrochloric acid and again continuously extracted 
with cther for 15 hr. The ether extract n-as dried over sodium 
sulfate and evaporated to a crystallinc residue whirh \vas 
sublimed (150" at. 0.05 mm.) to yield 0.078 g., 935{,, of p-  
hydroxybenzoic acid, m.p. 212-214", lit.,23 in ,~ ) .  213". 

In  an exactly analogous manner, 0.0724 g., OS:;, of p -  
methoxybenzoic acid, m.p. 177.5-180.5", lit.,23 1n.p. 18-1" 
was obtained from 0.248 g. of dihydrocatalposide methyl 
ether. Recrystallization from ethanol raised the m.p. to 

In each case the infrared spectrum of the arid TWS identi- 
cal with that of an authentic sample and the niixtiirr melting 
point was not depressed. 
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John Wiley and Sons, Xew York, 1956, p. 279. 


