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( e )  Component 6, fi1 0.214.22, 4 l i  nig. .ifter drying, tht. 
nirup had [a] '," - 15" in water ( c ,  5.2) and f5.7"  in inethanol 
( c ,  5.2). Demethylation of a portion (215 rng.) of the rnethyl- 
ated sugar afforded inannose as the only hexose and other 
partial demethylation products. The inannose was separated 
from the other components 11y papcr chromatography and 
readily gave a phenylhydrazone, m.p. arid inised m.p. 198- 
200°, [a]: +33" in pyridine (c, 2.0). Treatinentof the 
methylated sugar with p-nitrobenzyl chloride and pyridine 
gave crystallinr 1,4,6-tri-p-nitrobenzoyl-2,3,-di-O-niethyl-~- 
inannose whch had m.p. 391-193', [CY] :: +&I" in chloroforni 
( c ,  3.0): Lit. value for 2,3-di-O-nietliyl-~-mannose, Rl 0.22 
in solvent 1>,13 [ a ] ~  - 15.8' in \rater31; for 1,4,G-tri-p-nitro- 
benzoate, m.p. 1W0, [ a ] ~  + 6 5 O  in chloroforniP 

A summary of the yiiantities of the comporieiits ohtaiiied 

ironi  the hydrolyzate oi the iiietli) lated gum aiici the oh- 
served R f  values in  solvent D is given below. 

I t  3 Weight, 
Coinpoiieii t Solvent L, M g .  Mnioleb 

- Unknown a 0.82 16 
1 0.78-0. i 9  116 0 .49  
2 0.70-0.71 494 2.09 
3 0.55-0.56 21 0.09 
4 a  0.49-0.50 542 2 . 4 6  
3 0.20-0.21 417 2.00 

- Unknown IJ 0.11-0.12 14 

0 Contains S O I ~ P  methylated galactose derivative, pres- 
suinably 2,3,6- or 2,4,6- or both. 

(31) G.  T. Robertson, J .  ChenL. Soc., 330 (1934). HO.\IOLI LI 14, H.41Y.411 
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Polymerization of Anhydro Sugar Derivatives. 111. 
2,6-Anhydro-p-n-galactopyranose and Its 2-&Methyl Ether 

ANIL BHATTACHARYdl \ND CONRAD SCHI-ERCH 

Thcl polymerization of D-g;tl:iCtOSan to high inoleciilar weight lxaiicahed ~,ol~sac:ch:tridt~s is descsribed. T h e  opticd rotation 
of the product, shows the presence of a mixtiirc of CY and B linkngw. Period:ite oxidation indicates a prodiict with forty-three 
of one hundred units urisubstituted 011 thr  secondary hydroxyls, fift\.-six s i i h t i t i i t d  on C-2 or  C-4 rind only onr  iinit resistant 
to periodate (substituted on C-8 or disubstitutrd). The 2-0-mrthyl ethrr is very rcsist:int, to po1yrnerix:itioli presumably 
because transformation of the 1 ,&anhydro ring to  the l,2-:mhydro ring is inipossi1,l~. 

In a rei~ivest'igatiori~ of Pictetj's3 polymerization 
of levoglucosan, it has heen shown that, highly 
branched glucosans are produced linked primarily 
1,ci- and to  a lesser degree i n  the 2,4- and probably 
8-positions. Both a: and aiiomerir forms were 
show1 to be present and these c*onc~lusio~is wercl 
generally confirinrd and extended by WolOorn aiid 
eo-workers in a c.oiicurreiit~ research. + t 5  The highesl 
weight, average niolecular weights achiei-ed in 
this laboratory were about 20,000 :ts measured by 
means of the ultracentrifuge. The products were 
contaminated by a small percentage of microgel 
byproduct' which was eliminated in the ultraccntri- 
fuge determination but which causrd molecular 

\\eight b ineabured by light scattering to be sub- 
it:mtially higher.6 

111 order to cxplaiii the presence of a linkages in 
t h c  polyinrr, we have proposed a reaction nircha: 
iii,ni i i i \d \mg the interaction of the 2-hydroxyl 
group \ \ i t  h thr (7-1 carbon atom in the tranvtiou 
* ta t?  Alba aiid Prins point out that  the inolecular 

~ i p h t  di.trihution is most readily explained if, 
(wiivrirreiit t o  our proposed reaction, a mow rapld 
dimr~izatioii occurs by the reaction of t n  o :inhydro 
rnigh The rewtive intermediate is assumed then to 
attack hydroxyl groups indiscrinmiately. 

In order to gain further perspective 011 the mecha- 
niim of this reartioil and to obtain further exam- 
pleh, we now h a w  studied the polyniei*iz:ition of 
1 .(i-niihycti~o-~-i~-~:ilactosr aird it,s 2-0-niethyl ether. 

- 

( 1 )  Present address: Sectioii on Carbohycir:itw, I2at ior .u-  
tory of Chemistry, Xational Institute of Arthritiy : ~ n d  
1Zetabolic Ilisease;,' Rethesdu 14. AId. 

(2)  J .  daS. Carvalho, I\-. Prins, and C. Scliii~rc*h, ./. 

(3)  (a)  A. Pictet and J. Snrasin, Hell, .  C h z m  . M u ,  1, 8; 
(,1918); ( b )  .4. Pictet, Helz.. Chin. rlctu, 1, 22fi ( l S 1 8 j :  
( c )  A. Pictct and J. Pictct, Helo. Cliirn. Acta, 4 ,  788 (1021); 
(d )  A. Pictet and J. Pictet, Compt. rend., 173, 158 (1921). 
(e)  A. Pictet and J. H. Ross, Coiitpl. rend . ,  174, 1113 (1922); 
( f )  A. Pictet and J. H. Ross, Hell!. Chiiit. .tctci. 5 ,  8 i ( \  

. l ~ t .  Cheltt. SOC., 81, 4054 (1959). 1'X 1'); lt I hll.; S'YAI, 

I ' w p i i ~ ~ u t i ~ i ~ i  ( i t id  r'soicifio~i of i)iori,oi/ie/'.s utttl p d { J I i / W S .  I)-  
Galact os:iii :tiid its 2-0-inethyl ether were prepared rcspec- 
tivclj. by pyrolysis of a-lactose nio~iohydrate~ and by di- 
methyl sulfate niethylation and hydrolysis of 3,4-ieopropyl- 
ideii~-r)-gnlnctosan.8 T h r  ph:.sicd properties of the former 
i \ . ( L r ( s :  i i1 .p .  22:3--22lo In]?,: -22' i c  = 1.96) :in(I the lattrr: 

-~ 
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TABLE I 
CONDITIONS OF PREPARATION AND RESULTS FOR SELECTED POLYMERS~ 

Time, Yield, - 
Polymer Catalyst Hr. % [a1 2 M, Color 

G1 MCA 15 76 $81.8 1 1 800 22,500 White 

- - Dark-brown 
- Brown 

G2 TFA 6 GO +93 
G3 HYP 15 50 +96.5 
G4 zc 4 45 +115.5 - - Brown-black 
hIeG5a MCA 58 3 +39.5 550 2 230 Brown 
MeG5bC ca. 95 176 - 

3, 520b 

- 

a Polymerizations were carried out a t  110' a t  a catalyst/monomer molar ratio 1:50. Monomers were D-galactosan (G) 
and its 2-0-methyl ether (MeG). Catalysts were monochloracetic acid (MCA), trifluoroacetic acid (TFA), hypophosphorus 
acid (HPA), zinc chloride (ZC). -4cetylated. Acetone-soluble fraction. 

n1.p. 115-116' [ a ] D  -31.5'. Polymerizations were carried 
out in somewhat smaller scale than previously1 but in an 
identical fashion. The polymer precipitations and isolations 
also followed the levoglucosan method. In the case of 2-0- 
methyl galactosan, however, alcohol precipitation failed to 
precipitate a polymer and the aqueous solution was diluted 
with ten volumes of acetone. The turbid liquor was centri- 
fuged, and the supernatant decanted. Both the residue aiid 
the supernatant, were freeze dried. Results are described 
in Table I. 

Polygalactosan (400 ing.) was shaken with 5 nil. of pyri- 
dine for 30 min. to swell completely and 4 ml. of acetic an- 
hydride mas added. The mixture was heated under reflux on 
a steam bath for 12 hr. The slightly turbid solution was 
cooled and poured onto crushed ice. The powder \vas washed 
to neutrality arid dried in vacuo over phosphorus pentoxide. 
The infrared spectrum showed a very small hydroxyl peak 
and this substance was used for number averagc molecular 
weight determination. 

Characterization of products. Oxidations were carried out 
using 0.10-M sodium periodate and botn periodate consump- 
tion and formic acid liberation were measured iodoinetrically 
as before.* Results are given in the text. Weight average 
plolecular weights were determined in aqueous solution by 
the Archihald approach to equilibrium method in a Spinro 
Model E ultracentrifuge. Number average molecular 
weights were determined in aqueous solution in a thermo- 
electric vapor phase osmometer.6 The value for polygalacto- 
san (1800) was confirmed by a determination on the acety- 
lated polymer in acetone solution (calculated, 3200; found, 
3520). 

Infrared spectra were determined in potassium bromide 
pellets on a Xodel 11 Baird Infrared Spectrophotometer. 
D-Galactosan had peaks in the 800 to 900 em.-' region a t  
807, 845, 847, 890, 915, and 926. Its 2-0-methyl ether had 
peaks a t  752 ,  804, 850, 880, and 909. 

Hydrolysis of polvmers and chromatography. A polymer 
sample (100.0 mg.) was dissolved in 50 ml. of 0.5K sulphuric 
acid and heated on a steam liuth for 4 hr. The solution wv&s 
cooled and neutralized with excess barium carbonate. 
The solids were filtered off and the filtrnte was evaporated to 
dryness under vacuum. The residue was washed by hot pyri- 
dine into a tube and centrifuged. The supernatant was de- 
canted off and concentrated. 

A few microliters of the above solution was spotted on 
Whatman #l pnper, alongside D-galactose, 2-O-methyl-~- 
galactose, lactose, monomers, and polymers. The papers 
were developed with 1-butanol-water-ethanol (4: 5 :  1) for 18 
hr. After drying the paper was sprayed with periodate- 
benzidine reagent.g Results are reported in Table 11. 

(9)  J. H. Cifoncilli and F Smith, .;~d. (,'hem., 2 6 ,  1132 
(19541. 

TABLE I1 

POLYMER HYDROLYZATES 
CHROMATOGRdPHIC RESULTS O S  MOXOMERS, POLYMERS, AXD 

Substance Rra Spot Coloru 
~ ~ 

D-Galactosan 0 .38  White 
u-Galactose 0.18 White 
"-O-~~ethyl-D-galactosan 0.61 Yellow brown 
2-O-hkthyl-~-galactose 0.30 White 
Lactose 0.07 White 

Polymer 1 hydrolysate 0 .18  White 

Polymer 5a hydrolysate 0 .30  (strong) White 
0.60 (weak) Yellow brown 

"Polymer" 5b 0.60 (with tail- Yellow brown 

Polymer 1 0.00 - 

Polymer 5a 0.00 - 

ing) 
a See Experimental for conditions and reagents. 

RESULTS AND DISCUSSION 

The polymerization of D-galactosan proceeded 
in the absence of solvent a t  85 to 120" with a 
mild catalyst, preferably monochloracetic acid, 
under conditions essentially identical to those used 
for levoglucosan. This monomer was more prone 
to  decompose and to form dark colored products if 
the temperature was above this range or if other 
catalysts were used. 

The polygalactosan examined in most detail was 
a rvhite amorphous powder prepared in 76% yield 
by heating D-galactosan with one-fiftieth molar 
ratio of rnonochloracetic acid for fifteen hours a t  
110". The structural interpretatioiis below largely 
follow the reasoning presented in previous papers in 
this series. The specific rotation [a]$' in water was 
+81.8", indicating the presence of both cy aiid /3 
anomeric forms. The number average molecular 
weight was 1800 and the weight average molecular 
weight (by ultracentrifuge) was 22,500, showing the 
wide molecular weight distribution to be expected 
in this kind of polymerization. The number average 
molecular weight of the polymcr was determined 
first in mater solution (1800) and was confirmed by 
thc  ixliic ohtnincd 011 tlw acctylatcd polymc~ iir 
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acetone solution (experiment'al 3520, calculated 
5200). 

Hydrolysis followed by chromatography showed 
polygalact,osan to be completely hydrolyzable to  
n-galactose; the polymer itself did not niove on 
dcvctlopnient of' ~1 paper cliroiiistograni. The poly- 
mer coiisunied 1.42 riioles of periodate 'per mono- 
meric unit O I I  oxid:itioii and produced 0.43 moles 
of formic :iciCl. l'hiis, oi cvory O W  hundred anhydro- 
sugar iinits, i'orty-tlirecx iwre uiisubst,ituted on the 
t,hrce sccnnd:iIy hydroxyl groups, fifty-six sub- 
stituted on cithcr C-2 or C-4, and only t'he one re- 
maiiiing unit \\.tis eit.licr disiibstit'uted on C-2 or C-4 
or singly sutst.ituted on the C-8 hydroxyl. The 
t,hree posit>iori is thcrctfore ext'remely unreactive, but 
the relat8i\.e react#ivities of C-2, C-4 and C-G are 
not known. These calculations are made with the 
assumption that the unchanged C-1 function (anal- 
ogous to the reducing end group) is in the form of an 
niihydro ring. As the riuiiiber average molecular 
weight corresponds to a chain of eleven units, some 
slight error could lie introduced if this is not the 
case. 

The infrared spectrum of the polymer was very 
diffuse and little iiiforniat'ioii could be obtained with 
surety. Small peaks were probably present around 
870 aiid 882 em. -1 and none was evident in the 830 
cni. -1 region. Sei-erthelcss the optical rotation we 
believe to be unequivocal evidence for the presence 
of bot,h (Y arid p aiiomeric forms for reasons that 
have been outlined before for polyanhydroglucose.' 

The results with 2-O-niethyl-D-ga)lactosaii were in 
niarked coiitrast' to those obtained on the unsub- 
st,ituted ailhydro sugar. The monomer catalyst 
mixture mcltcd wit'hiri four hours, but the viscosity 
of the melt appr:iretl not to change for several days. 
It n-as worked up when the melt began to  darken 
(aftw aboiit. sixty hours). Diluting an aqueous solu- 
tion of the prnduct to give an 83% alcoholic solution 
failed to precipitate a polymeric fraction, and a 
wp:trnt ion ivas only achieved using acetone. The 
:i(:etmi(w ) I  ulilc: fractioii had a chromat,ographic 
hchavior similar to that, of the starting niat,erial 
with sonip tailiiig; the number average molecular 
\\eight, \yas 176; the periodate consunipt.ion was 
0.90. C1e:irly this fract'ion consisted of largely un- 
changed 2-O-mcthyl-u-galnctos:ln. 

Thr :Lc.etoiic-insolubles were a discolored brown 
pondcr amoi:iiting to only three percent of the 
startiiig material. The iiuniber and weight average 
inoieculw n.eigh ts were 550 and 2230, respectively. 
I'eriodate oxidation indicated that four out of ten 
units mere substituted on C-3 or (2-4. Chromatogra- 
phy following hydrolysis showed the presence of 
2-O-methyl-n-galactose and traces of 2-O-methyl- 
D-galactosan. The latter may have been present as 
ilnopeiied end groups or possibly as a monomeric 
contaminant. The low specific rotation !a] +39.5" 
undoiibtedlv also reflected the Dresence of uno~eiied 
l , G  :~iiIiydIo riiigs. A sigiiificaiit peak at 830 cin.-l 

(and a lesser one near 858 cm.-l) in the infrared 
spectrum appeared to give evidence of the presence 
of a linkages although infrared spectral data on 
galactose derivatives may be nii~leading.~ Clearly 
the most remarkable single feature of the poly- 
merization of these two compounds is the great ua- 
reactivity of the 2-O-methylgalactosan in contrast 
to  the parent conipouiid. 

It is apparent that in terms of hLe  and Prins' 
formulation a dimer intermediate can only bc 
formed if conr~ersion of oiie of the two 1,G-anhydro 
rings to an 1,2-aiihydro ring is possible. In  other 
words, the intermediate which was left unspecified 
by these authors, is very likely to be a 1,6'-linked 
dimer with a reactive 1,2-anhydro ring. For the 
case of galactosan it is found, moreover, that  the 
reactivity of the hydroxyl group in the three posi- 
tion is much lower than in the other positions, so 
that the assumption of cqual reactivity in all B 
groups in the d-R-Bi polymerization scheme as 
used by Abe and Prim is not justified. The reasoii- 
able correspondence these authors have found be- 
tween theory and experiment may be traced to the 
fact that  the distribution does not change appre- 
ciably if some hydroxyl groups are less reactive 
than others. Whether the rapid dimerization which 
they postulate takes place a t  all or via their proposed 
mechanism can in principle be determined by a 
study of the structure of the dimer fraction at low 
conversions. 

It appears that attack by the 2-hydroxyl group 
on the anhydro ring is an important part of the 
initiation process. This should not be considered as 
a means of assisting the ionization of the C-1 posi- 
tion, for WinsteinlOvll has sho\vn that neither a 
neighboring niethoxyl or hydroxyl participate very 
much in the formation of  n carbonium ion. Rather 
i t  should hc considered as an interconversion of a 
relatively unreactive protonated 1,G-anhydro ring 
to  a. relatively reactive 1,2-anhydro ring. lVheri the 
2-position is methylated, this transformation is not 
possible and the polynierization is severely in- 
hibited. The alteinative explanation that the 2-0- 
methyl group merely introduces an additional factor 
of steric hindrance does not appear to us to be an 
adequate explanation of the difference in reactivity 
of the two compounds, after examining the struc- 
tures with the aid of molecular models. In  broad 
outline the polymerization of l,G-anhydro-p-~- 
galactopyranose and its 2-O-methyl ether can thus 
be described in the same terms as that of levogluco- 
5811.2 

(9) P. A. Barker, E. J. Bourne, and D. H. Whiffen, "Use 
of Infrared Analysis" in D. Glick's, Methods of Biochemical 
Analysis,Vol. 111, Intcrscience New York, 1956. 

(10) S. Finstein, E. Grunwrtld, and L. L. Ingraham, 
J. Am. Chem.Soc., 70,  821 (1948). 

(11) 9. Winstein and E.'Grunwald, J. Am. Chem. 
70, 828 (1948). 

SOC., 
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Synthesis of Aminohydrophenanthrene Analogs of Morphine1 

JAMES G. MURPHY 

Keceived October 17, 1960 

A group of 10-aniinohydrophenanthrenes and 10-dimethylaminornethylhydrophenanthrenes, structural analogs of inor- 
phine, has been synthesized. The steric relations of the substituent groups on these new aminohydrophenanthrenes has 
been discussed. A stereoselective blannich reaction is reported and an unusual epimerization of a benzylic alcohol is pre- 
sented 

The purpose of the present work was t,o investi- 
gate the hitherto unknown aminohydrophenan- 
t,hrenes of type I in which R represent,s an amino 
group or an aminomethyl group. 

7 0 2  6 5  - 4 3  

I 

These pheiianthreiies are of int'erest iiot only 
because they retain a large fragment of the mor- 
phine molecule but also because they reproduce 
many of the steric aspects of the natural alkaloid, 
i . e . ,  in the disposition of the aromatic ring, in 
the mode of fusion of the alicyclic rings, and in the 
location of the nitrogen of these substances so that 
i t  is close to or identicd with that of morphine. 

Thr  lO-aminomst.h$ serirs. cis-l,2,3,4,4a,lO:~- 
Hexahydro-S(1OH) phtwiiithi.onc~ (V) which had 
been synthesized by Cook c' t ,  nl.? appeared to be a 
highly suitable intermediate for t'hc dwired coni- 
pounds since t'he carbonyl a t  posit ioii 9 would 
facilitate modifications at position 10. The stereo- 
chemistry of this substance had been c ~ r r o b o r a t e d ~ * ~  
by oxidation and nitration tn a known diphenic 
acid derivative. For the preparation of ketone V, 
2-phenylcyclohexanone (11) was condensed with 
malononitrile, a practically quautitjatiw yield of 2- 
p h e ~ i y l c y c l o h r x y l i d ~ ~ i ~ ~ ~ i i a l o ~ ~ ~ i i ~ t r i l ~  (111) being oh- 
tained. This unsaturated dinitriltb was catalyticall!. 
reduced, then hydrolyzed, and tlerarboxylat cd. 

(1) Abstracted froiii the l'h.1) thesis [ i f  James G .  Slur- 
phy. 

( 2 )  J. FV. Cook, C. I, Hpwett, and C .  A .  Lawencr, ./ 
Chem. Soc., 71 (1936). 

(3 )  R. P. Linstead, IV. E. J)oering. 8. B. David. I' 
Levine, and R .  It. Khptetone, J .  .4 ni. Chert?. SOC., 64, 198.5 
(1942). 
(4) R. P. Linstad,  S E3 Zhvis, :md €1.  R Wlirtstoii(,, 

J .  , I  i i i .  Chrvi. Soc., 64, 200!1 (1942). 

cN\c/cN &-m 
It m 

I 

In this way it, becanir possible to  secure a (iOGj, 
yield of thci cis-acid (IV), which is a marked im- 
prowment iii yield over the best previously rc- 
ported proc*cduw (36Yo5). That this react ioii 
sequencc led to  :L satisfactory yield whereas a 
similar sequriic~' using ethyl cyanoacetate in 
placc of nialniionitrile gave a low but not, specified 
yieldb i*esultJs 1 1 0  doubt from the lower steric, r+ 
qiiircmwts nf nxilononitrilc fnr the condensat i o i i  

wit'h '2-phcn~lcyclohexanoiie. 
Cyclizat,ion of' thc cis-acid (It;) to  t,hc phcnaii- 

throne (V) by hrating in sulfuric acid2 was straight- 
forward. With the phenanthroiic (V) a t  hand, at- 
tempts were made to carry out a Naniiich reactioii. 
This, under the roninion reaction conditions of 
wfluxing thr cwnponeiits in a tailctl. 
Conditiolis were found (stirring, without s o l ~ ~ ~ i i i  , 
in a 70" hat,h, iiiidrr a slow st>reani of nitrogcwi 

sful synthesis. In  this way it  \vuL< 
possible to securc a reproducible 47% yield of thv 
amino ketone (VI). Jiist as VI was difficult to pre- 
pare, so it appeared readily hydrolyzed for it, could 
not, he recovered after :t relatively short exposurci 
t,o mineral acid. Although t,wo diastereoisomers ni' 

(5)  R. P. Linstead, H .  It. Whetstono; and Y. I,eviiii$. 
.I , I )?IL che)t!.. SOC., 64, 2014 (1942). 

( 6 )  F. k'. Rlicke, Ory. Heczctiori.3, I, (l!l42). 


