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7.99 w, 6.81 8, 6.03 vs ( l ) ,  5.36 s (2),  4.79 w, 4.57 m, 4.01 w, 
3.59 m, 3.43 s (3),  3.11 vw, 3.02 vw, 2.92 w, 2.82 w. 

Penta-0-acetyl-ddehydo-D-galactose p-Nitrophenylhydrazone. 
-This substance waa prepared by the acetylation of D-galactose 
p-nitrophenylhydrazone2" aa described by Wolfrom and Christ- 
man,6 [ a I a 4 D  +41" ( c  2, acetonitrile, optical rotatory disper ion 
In Fig. 6, curve B); A",.."." 375 and 550 mp (emax 2.34 X lo4 and 
266, respectively); X-ray powder diffraction patternz4: 12.63 w, 
9.41 s (21, 7.20 w, 6.33 vs ( l ) ,  5.75 w, 5.40 w, 5.15 w, 4.65 w, 
4.15 m, 3.92 8 (3),  3.68 m, 3.53 vw, 3.40 w, 3.27 vw, 2.73 vw. 

Penta-0-acetyl-aldehydo-D-mannose p-Nitrophenylhydrazone. 
-This substance waa prepared by the acetylation of D-mannose 
p-nitrophenylhydrazonezs according to the procedure of Wolfrom 
and Christman.6 The sirupy product waa dissolved in 50 ml. of 
benzene and chromatographed, in equal portions, on two columns 
(75 X 240 mm.) filled with Magnesol-Celite2e ( 5 : l  by weight) 
and developed with 1400 ml. of benzene-2-methyl-2-propanol 
(100: 1 by volume). Extrusion and streaking with alkaline per- 
manganate solution revealed the presence of two zones 90-175 
and 220-230 mm. from the column top. The zones were excised, 
twice extracted with acetone, filtered; the solvent waa removed 
under reduced pressure and the resulting sirups were crystallized 
from ethanol. Both zones gave the same bright yellow crystalline 
material aa identified by melting point and mixture melting 
point, 3.47 g., m.p. 130-131", ( a ] z 7 ~  -16.0" (c 4, pyri- 
dine), +4.5" (c 2, acetonitrile, optical rotatory dispersion shown 
in Fig. 6 curve C);  A:::."." 370 (shoulder) and 540 mfi (emax 1100 and 
166, respectively); n.m.r. spectrum shown in Fig. 3; X-ray 

(25) W. Alberda van Ekenstein and J. J .  Blanksma, Ree.  h u .  chim., 448 

(26) W. H. MoNeely, W. W. Binkley; and M. L. Wolfrom, J .  Am. Chem. 
434 (1903). 

Roc.,  67,527 (1945). 

powder diffraction patternz4: 12.40 w, 9.85 m, 8.12 m, 6.58 s 
(2), 6.13 vw, 5.36 vs ( l ) ,  5.01 w, 4.70 s (3), 4.33 w, 3.99 m, 
3.73 m, 3.47 w, 3.25 w, 3.09 vw, 2.88 m, 1.98 vw. 

Anal. Calcd. for C1~H1207N3(CH3CO)6: C, 50.29; H, 5.14; 
N, 8.00; CHICO, 10.74 ml. of 0.1 N NaOH for 100 mg. Found: 
C, 50.57; H, 5.50; N, 7.71; CHaCO (as O-Ac),zo 10.25 ml. 

1 -Acetyl-l-phenyl-2-( tetra-0-acetyl-p-~-glucopyranosyl)hy- 
drazine .-D-Ghcose "a"-phenylhydrazone was prepared accord- 
ing to the method of Stempel,leb m.p. 145-150'. This hydrazone 
waa then acetylated in the manner described by Behrend and 
Reinsberg,Ia m.p. 151-153', [a] 3 2 ~  +20° (c 2.0, chloroform), 
+9.0" (c 2.0, pyridine), +2.0' (c, 2.0, acetonitrile, optical rota- 
tory dispersion shown in Fig. 6, curve E); n.m.r. spectrum 
shown in Fig. 4; A::" no absorption between 285 and 600 mp; 
A",: 3.1, 3.4, 5.7 (carbonyl), 6.1, 6.3, 6.5, 6.7, 7.0, 7.3, 7.9, 
8.1-8.3 (acetate), 9.1, 9.4, 9.6, 10.2, 11.0, 11.9, 12.5, 13.1, 
13.9, 14.3, 15.5 p; X-ray powder diffraction patternZ4: 10.78 w, 
9.61 m (3), 8.85 m, 6.71 vw, 5.40 s ( l ) ,  4.82 w, 4.51 m, 4.23 w, 
3.87 s (2),  3.56 vw. HofmannZ7 reported m.p. 152-153' and 
[ a ] D  +11.97' (pyridine) for this material while Behrend and 
Rein~berg'~ reported m.p. 151' and [ a ] ~  +17.5" (pyridine). 
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versity of Leicester, are acknowledged. 
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1-Thio-B-D-glucopyranoside. The Reaction of Some 1-Thio-D-glucosides with 

Both anomeric t-butyl 1-thio-D-glucopyranosides and t-butyl 1-thio-D-glucofuranosides, aa well aa 2,Pdinitro- 
phenyl l-thic+p-D-glucopyranoside, have been synthesized. The behavior of some of these thioglucosides with 
mercury salts of carboxylic acids haa been investigated and a tentative mechanism of the formation of 1-0- 
acylaldoses by this pathway is proposed. 

Earlier investigations in this lab~ra tory l -~  have 
shown that various 1-thioaldose derivatives (dithio- 
acetals and alkyl 1-thioglycosides) undergo metathetical 
reactions with silver and mercury salts. Thus, ethyl 
1-thio-P-D-glucopyranoside is converted into a mix- 
ture of the anomeric 1-0-mesitoyl-D-glucopyranoses 
when treated with silver mesitoatel (silver 2,4,6-tri- 
methylbenzoate), and the condensation of 5-0-benzoyl- 
2-deoxy-~-er ythro-pen tose diisopropyl dit hioacetal with 
chloromercuri-6-benzamidopurine leads (after the re- 
moval of masking groups) to a mixture of the anomeric 
9-(2-deoxy-~-erythro-pentofuranosyl)adenines. In the 
studies of the behavior of ethyl 1-thioaldosides with 
silver salts of carboxylic acids, 1,4 prolonged boiling in 
acetonitrile was found necessary to effect complete 
reaction, although an ethyl 1-thioaldof~ranoside~ ob- 

( 1 )  C. Pedersen and H. G. Fletcher, Jr.. J .  Am. Chem. SOC., 89, 3216 
(1960). 

(2) C. Pedersen, H. W. Diehl, and H. G. Fletcher, Jr., ibid. ,  89, 3425 
(1960) 

(3) C. Pedersen and H. G. Fletcher, Jr., ibrd., 84, 5210 (1960). 
(4) C. Pedersen and H. G. Fletcher. Jr., J .  Org. Chsm., 16, 1255 (1961). 

viously reacted more readily than did an ethyl l-thio- 
aldopyranoside. Under these conditions, acyl migra- 
tions (for example, conversion of l-O-benzoyl-a-~-gluco- 
pyranose to 2-O-benzoyl-~-ghcose) take place and 
the procedure is obviously less than ideal for inserting 
labile substituents a t  C-1 in an aldose. Pedersen and 
Fletcher4 noted that mercuric acetate reacts with 
ethyl 5-O-benzoyl-l-thio-~-~-arabinofuranoside more 
readily than does silver benzoate. In  seeking methods 
whereby this reaction can be carried out under com- 
paratively mild conditions, we have, therefore, now 
turned our attention to some mercury salts of carboxylic 
acids, and, for glycosides, have used t-butyl 1-thio-@-& 
glucopyranoside (II), t-butyl 1-thio-a-D-glucofuranoside 
(X) , and 2,4-dinitrophenyl 1-thio-P-D-ghcopyranoside 
(XIV) in the hope of revealing any influence of the 
electronegativity of the aglucon on the nature of the 
reaction. 

Although 2-methyl-2-propanethiol (t-butyl mercap- 
tan) is a readily available substance, no t-butyl thio- 
glycosides appear to have been reported in the litera- 
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OR 
VII, R=CH3CO 

VIII, R = H  

ture. However, the thiol was found to react readily 
with P-D-glucopyranose pentaacetate in ether solution 
in the presence of zinc chloride to give t-butyl l-thio- 
8-D-ghcopyranoside tetraacetate (I) in 69% yield; 
deacetylation afforded the parent glucoside (11). The 
reaction was repeated using benzene in place of ether, 
and t-butyl 1-thio-P-D-glucopyranoside tetraacetate (I) 
was obtained in 24% yield. Deacetylation of the 
material remaining in the mother liquor gave t-butyl 1- 
thio-a-D-glucopyranoside (IV) .in 38% yield. Reduc- 
tive desulfurization of I with Raney nickel gave 1,5- 
anhydro-D-glucitol tetraacetate (VII), whereas desul- 
furization of IV yielded the unsubstituted anhydride 
(VIII), demonstrating that both substances are l-thio- 
D-ghcopyranosides. Anomeric configurations were 
assigned to the 1-thio-D-glucopyranosides on the basis 
of their optical rotations. 

AcOCHZ 

H;?COR Q SC4Hs 
RO 

OR 
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&Butyl 1-thio-P-D-ghcopyranoside (11) reacts readily 
with mercury mesitoate in acetonitrile solution a t  room 
temperature, giving, after acetylation, 2,3,4,6-tetra- 
0-acetyl-1-0-mesitoyl-P-D-glucopyranose (1X)I in 38% 
yield. 

Condensation of P-D-glucofuranose pentabenzoate 
with 2-methyl-2-propanethiol in ethereal solution in the 
presence of zinc chloride gave, after debenzoylation, 
t-butyl 1-thio-a-D-glucofuranoside (X) in 4870 yield. 
In  a similar preparation, the crude l-butyl 1-thio+- 
glucofuranoside tetrabenzoate was chromatographed, 
and a levorotatory fraction debenzoylated to give t- 
butyl 1-thio-p-D-glucofuranoside (XI).  Both X and 
XI gave 1,4-anhydro-~-glucitol (XII) on reductive 
desulfurization with Raney nickel, confirming their 
furanoside structures; again, anomeric configurations 
were assigned on the basis of optical rotations. 

The behavior of t-butyl 1-thio-a-D-glucofuranoside 
(the only anomer available in sufficient quantity for 
testing) with mercury mesitoate in acetonitrile solution 
proved unique in our experience, inasmuch as the only 
crystalline product recoverable was mesitoic anhydride, 
a readily isolable and identifiable substance. The 

( 5 )  H. B.  Wood, Jr., and H. G. Fletcher, Jr.. J .  Am. Chem. SOC., 7 8 ,  
207 (195G). 
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mechanism of the formation of this unexpected sub- 
stance must a t  this juncture remain a matter for spec- 
ulation. 

2,4-DinitrophenyI 1-thio-P-D-glucopyranoside tetra- 
acetate (XIII) was synthesized through condensation 
of 2,3,4,6-tetra-0-acety~-a-~-g~ucopyranosy1 bromide 
with 2,4-dinitrobenzenethiol in the presence of ethanolic 
potassium hydroxide. Some difficulty was encountered 
in the deacetylation of XIII,  since the two nitro groups 
labilize the S-aryl bond. Thus, barium methoxide 
gave only a poor yield of the deacetylated glucoside 
(XIV) , but a considerable amount of 2,4-dinitroanisole 
(XV) was isolated and chromatographic evidence 
for the presence of di (P-D-glucopyranosyl) disulfide 
was obtained. On the other hand, deacetylation of 
XI11 with methanolic ammonia gave XIV in good yield. 
Treatment of XIV in acetonitrile solution with either 
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1 

I 
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mercuric benzoate or mercuric mesitoate a t  room 
temperature gave 1-0-benzoyl-p-D-ghcopyranose or 
1-0-mesitoyl-@-D-glucopyranose (isolated as their tetra- 
acetates XVI and IX in low yield). In both cases, 
di(2,4-dinitrophenylthio)mercury (XVII), the other 
expected product, was isolated in substantial yield. 

Discussion 

The condensation of 1-thioglycosides in acetonitrile 
solution with silver salts of carboxylic acids is a non- 
stereospecific reaction, giving a mixture of the anorncric 
1-0-acylaldoses.1 With both mercury and silver salts 
of carboxylic acids, 1-thioglycosides usually give, quite 
promptly, a precipitate which changes in appearance 
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as the reaction proceeds. This observation suggests 
that  a complex is initially formed between the two 
components6 and subsequently breaks down to the 1- 
0-acylaldose and a di(alky1thio)mercury. Such a 
transformation may be rationalized in the following 
fashion. 

R' 
I 

CH2OH 

H O W  +H:%Fo S-R ---* 

OH S-R HO 
OH 

H HgOCR' 
~ ' c - 0  - Hg+ OCR' II 

II Q 0 II 
0 

In  this mechanism, the electronegativity of the aglu- 
con would be expected to play a greater or lesser role 
by diminishing or increasing the electron density 
around the sulfur atom. The observation that t- 
butyl 1-thio-o-D-glucopyranoside gives a higher yield 
of 1-0-mesitoyl-p-D-glucopyranose than does 2,4- 
dinitrophenyl 1-thio-P-D-glucopyranoside may be re- 
garded as supporting this concept.' However, in 
such apparently complex and often heterogeneous re- 
actions, where a large proportion of the products are 
as yet unidentified, such a mechanism must a t  this 
point remain purely speculative. Irrespective of 
mechanistic considerations, the reaction appears to 
offer some potential utility as a synthetic method. 

A simple technique for minimizing the dispersion 
of the vapors of volatile thiols during some typical 
manipulations is described in the Experimental section. 

Experimental8 
A Technique for Handling Volatile Thiols.-Dispersion of the 

objectionable vapors of volatile thiols may be minimized in 
several ways. In this work, evaporation of the thiols was always 
carried out as a codistillation (usually with carbon tetrachloride) 
in vacuo, the distillate being retained in the trap shown in Fig. 1. 
Dry Ire and acetone were used to cool the trap, and the distillate 
collected in the spherical flaak was promptly treated with an 
excess of concentrated, aqueous calcium hypochlorite a t  the con- 
clusion of the distillation. Alternatively, the calcium hypochlo- 
rite solution may be placed in the flmk prior to the diatillation. 

In filtering solids contaminated with volatile thiols, the filter 
may be covered with a large conical funnel attached to the vacuum 
system through the trap shown in Fig. 1 .  

&Butyl 1-Thio-8-D-glucopyranoside Tetraacetate (I)  .-A mix- 
ture of 25 ml. of anhydrous ether and 5 g. of powdered, freshly 
fused zinc chloride in a glass-stoppered flask was stirred a t  room 
temperature until the solid had changed to an oil. 2-Methyl-2- 

(6) E. Hardegger, E. Schreier, and Z. El Heweihi [Helv. Chim. Acto, 88, 
1159 (1950) 1 described several addition compounds of aldose dithioacetals 
with mercuric chloride. 

(7) It may be noted that no fully acylated 1-thioglycosides have yet  been 
found t o  undergo displacements with mercury or silver salts, ref. 1, footnote 
11. I n  the course of the present work, t-butyl 1-thio-8-D-glucopyranoside 
tetraacetate in acetonitrile solution waa found to he unaffected by mercury 
meaitoate. 

(8) Melting points are corrected. Selected absorption maxima, together 
with probable assignments, are given for infrared spectra, intensities being 
indicated as a (atrong), m (medium), w (weak). Ar indicates a substituted 
benzene ring. 
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Figure 1. 

propanethioP (15 ml.) and 6-D-glucopyranose pentaacetate (10 
9.) were then added, and the reaction mixture was stirred a t  room 
temperature. After 2.5 hr., the pink reaction mixture waa 
nearly homogeneous; shortly thereafter, the product began to 
crystallize aa fine, silky needles. After a total of 12 hr., the mix- 
ture waa a deep purple. Carbon tetrachloride (25 ml.) waa 
added, the flask was attached to the trap described (Fig. l ) ,  and 
the major part of the solvent and unchanged thiol waa distilled 
into the trap under reduced pressure. Water (100 ml.) and car- 
bon tetrachloride (100 ml.) were added to the residue, the mix- 
ture was filtered, and the solid waa washed with carbon tetra- 
chloride. The aqueous layer was separated, run directly into 
concentrated, aqueous calcium hypochlorite, and discarded; 
the carbon tetrachloride solution waa dried (magnesium sulfate), 
filtered, and concentrated in vacuo to a thick sirup. Two 50-ml. 
batches of carbon tetrachloride were successively evaporated 
from this sirup to remove most of the thiol. The thick, colorless 
sirup was dissolved in 50 ml. of ethyl acetate and reconcentrated 
in vacuo, the residue was dissolved in 20 ml. of warm ethyl ace- 
tate, and the solution was filtered through a thin layer of decolor- 
izing carbon, reheated, and diluted with 2-3 volumes of pentane. 
Crystallization was completed at  5" to give 5.8 g. of product, 
m.p. 144-145". A second crop (1.62 g., slightly less pure) raised 
the total crude yield to 7.42 g. (69%). One recrystallization 
from ethanol-pentane gave pure I ,  m.p. 145-146", [ a l z o ~  -5.9' 
(c 0.65, chloroform). 

Anal. Calcd. for ClaHzaOpS (420.46): C, 51.41; H, 6.71; 
S, 7.62. Found: C ,  51.57; H ,  6.83; S; 7.51. 

2,3,4,6-Tetra-O-acetyl-l ,S-anhydro-~-glucitol (VII) from I .-A 
solution of I (0.5 g.) in 20 ml. of 70% aqueous ethanol waa 
treated with 4 teaspoonfuls of freshly prepared Raney nickel 
(under ethanol). After being boiled under reflux for 3 hr., the 
suspension was cooled and filtered, and the filtrate was concen- 
trated (in vacuo) at  40' to a colorless sirup which from 4 ml. of 
ether and 3 ml. of pentane gave &nearly quantitative yield of 
cryetah, m.p. 70-74", [ c Y ] ~ O D  +38.8" (c  1.0, chloroform); lit.1o 
m.p. 73-74', [ Q ] I O D  +38.9" (chloroform). 

&Butyl 1-Thio-8-D-glucopyranoside (II).--I (2  9.) was cata- 
lytically deacetylated with barium methoxide in methanol. The 
decationized product, crystallized from acetone-pentane and 
dried in vacuo at  40°, weighed 0.95 g. (76%), m.p. 113-115'. 
Recrystallized from acetone-pentane, the pure I1 had m.p. 
115-116", [ L Y I Z O D  -52.8' (c 0.55, water). 

Anal.  Calcd. for C10H20O5Q.0.5H20 (261.33): C ,  45.96; 
H,  8.10; S, 12.27. Found: C, 46.03; H ,  7.95; S, 12.46. 

Attempts to obtain anhydrous material failed. Acetylation 
(acetic anhydride-pyridine) gave I ,  93% yield, m.p. 145-146', 
[ a ] z o ~  -5.9' ( c  1.0, chloroform). A mixture melting point with 
the original ester waa not depressed. 

&Butyl 1-Thio-8-wglucopyranoside Tetrabenzoate (III).-11 
(0.15 g.) was benzoylated (benzoyl chloride-pyridine) and the 
product crystallized on adding water. Recrystallized from 5 

(9) A sample (&butyl mercaptan) obtained from Phillips Petroleum Co., 
Special Products Division. Bartlesville, Okla., waa found to be of high 
purity and was employed throughout this research. 

(10) N. K. Richtmyer and C. S. Hudson, J .  Am. Chem. Soc., 66, 64 
(1943). 
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ml. of hot ethanol, 111 (0.33 g., 86%) had m.p. 183-154', [ayIzo~ 
+32.2" ( c  1.1, chloroform). 

Anal. Calcd. for C3PH3809S (668.73): C, 68.34; H, 5.43; 
S,4.79. Found: C,68.26; H,  5.55; S,4.76. 

&Butyl 1-Thio-e-D-glucopyranoside (IV).-A mixture of 5 g. 
of freshly fused zinc chloride, 15 ml. of 2-niethyl-2-propanethiol, 
20 ml. of dry benzene, and 10 g. of 8-D-glucopyranose pentaace- 
tate was stirred a t  room temperature for 20 hr. and then processed 
88 for I. The resulting sirup, dissolved in ethyl acetate-pentane, 
gave 2.6 g. (24oj,) of I, m.p. 144-145'. Solvent was removed 
from the mother liquor and the sirupy residue was deacetylated 
with barium methoxide in met,hanol. After the solution had 
been neutralized with carbon dioxide, the methanol waa removed 
in umuo, the residue was dissolved in 50 ml. of water, and the 
solution was filtered from a trace of flocculent material and de- 
ionized with ion-exchange resins. Concentration gave a sirup 
which was dissolved in a mixture of 5 ml. of ethyl acetate and 10 
ml. of pentane to give 2.54 g. (38%) of product, m.p. 139-141". 
Recrystallized from the same solvent mixture, IV had m.p. 142- 
143", [ a l z o D  +233" ( c  0.78, water). 

Anal. Calcd. for C10H200aS,0.5H20 (261.33): C, 45.96; 
H, 8.10; S, 12.27. Found: C, 45.81; H, 8.22; S, 12.01. 

1,5-Anhydro-~-glucitol (VIII) from IV.--IV (0.5 g.) was de- 
sulfurized by hoiling with a suspension of 2 teaspoonfuls of freshly 
prepared Raney nickel in 10 nil. of 70% aqueous ethanol. After 
filtration, the solution was concentrated in vacuo and the product 
crystallized from methanol, 0.13 g. (41%), m.p. 142-143', 
[,]*OD +42.7' ( e  1.0, water). A mixture melting point with an 
authentic sample of VIIIIO was not depressed. 

&Butyl 1-Thio-a-D-glucopyraoside Tetraacetate (V).-IV 
(0.15 g.) was acetylated (acetic anhydride-pyridine) to give a 
clear, colorless sirup which, from ethyl acetate-pentane, gave 0.19 
g. (79%) of crystals, m.p. 63-65'. Itecrystallization from warm 
hexane atforded pure V,  m.p. 62-64', [ C Y ] ~ D  +185O ( c  0.6, 
chloroform). 

Anal. Calcd. for ClsH2809S (420.46): c ,  51.41; H ,  6.71; 
S, 7.62. Found: C, 51.53; H,6.92; S, 7.41. 

&Butyl 1-Thio-a-D-glucopiranoside Tetrabenzoate (VI)  .-IV 
(0.22 g.) ww benzoylated (benzoyl chloride-pyridine) to give a 
sirup which, from 5 ml. of ethanol, gave 0.5.5 g. (96%) of product, 
m.p. 167-168". Recrystallization from ethanol afforded needles 
which were dried in vacuo at 110", m.p. 165-169", [ a l Z o D  f96.8" 
( c  0.85, chloroform). 

Anal. Calcd. for C J ~ H & S @ . ~ H Z O  (677.74): C,  67.33; 
H, 5.55; S, 4.73. Found: C, 67.53; H, 5.92; 8 ,  4.58. 

Attempts to dehydrate this compound completely were unsuc- 
cessful. 

Mercuric 2,4,6-Trimethylbenzoate (Mesitoate.)-The follow- 
ing procedure for the preparation of mercuric mesitoctte proved 
convenient. A suspension of mesit,oic acid" (30 g.) in 1.50 ml. of 
water was nearly neutralized by the cautious additiou of 6 N 
ammoniuni hydroxide. Care waa taken to avoid an excess of 
base, and a trace of the acid was filtered off (decolorizing carbon). 
A solution of 60 g. of mercuric nitrate monohydrate in 18 ml. of 
water was added, the solution wm heated (until the salt had 
dissolved) and cooled to room temperature; after 10 min. the 
crystals were filtered off, washed thoroughly with water, and 
dried in ?:am0 at 60" to yield 40.2 g. of fine needles (84%). 
This salt is adequate for most purposes; it  may be recrystallized 
from acetonitrile or 2-ethoxyethanol with considerable loss. 
The above product was recrystallized from hot 2-ethoxyethanol 
( 5  ml./g.) to give 15.4 g. of pure salt; a second crop (10 9.) was 
obtained from the mother liquor. A sample of the first crop, 
dried in vucuo a t  loo", was used for analysis. 

Anal. Calcd. for C2uH22HgOa (526.99): C, 45.58; H,  4.21. 
Found: C, 45.63; H, 4.40. 

2,3,4,6-~etra-O-acety~-l-~-mesitoy~-~-~-g~ucopyraoSe (1x1 
from 11.-11 (1 g.) was dissolved in 100 ml. of dry acetonitrile, 
and 5.0 g. of mercuric rnesitoate was added. The mixture was 
stirred a t  room temperature overnight and filtered through a 
layer of decolorizing carbon. Solvent was removed from the 
filtrate in z~acuo a t  40°, and the residue was dissolved in water- 
methrtnol ( 1 O : l )  and treated with hydrogen sulfide to remove 
mercuric ions. After heing filtered through a thin layer of de- 
colorizing carbon, the solution was concentrated in, vacuo, and the 
resu lhg  sirup was dried by evaporation therefrom in, V U C ~ L O  of 
eeveral portions of benzene. Acetylation with 10 ml. of dry 
pyridine and-8 nil. of acetic anhydride afforded a clear, colorless 

(11) K & K Laboratories. Inc.. 177-10 Q3rd Avenue, Jamaica 33. N .  Y. 

sirup. From absolute ethanol, 0.45 g. (38%) of material waa 
obtained, m.p. 139-140", [CY]*~D +Y.5" ( c  C.9, chloroform). 
Recrystallization from benzene-hexane gave pure lX, m:p. 
141-142', 1alZo~ +4.2" (chloroform). A mixture melting point 
with authentic material6 was undepressed. 

&Butyl 1-Thio-a-D-glucofuranoside (X) .-Freshly fused zinc 
chloride ( 5  9.) was added to 50 ml. of anhydrous ether, and the 
mixture was stirred until the solid had been converted to an oil. 
2-Methyl-2-propanethiol (15 ml.) and 10 g. of 8-D-glucofuranose 
pentabenzoateL2 (m.p. 141-143", [ayIza~ -56.8" in chloroform) 
were added, and the mixture was stirred a t  room temperature (20 
hr.). The solvent, zinc chloride, and unchanged mercaptan were 
removed as for I to  give a Rirup which was debenzoylated with bar- 
ium methoxide in methanol. The niethanolic solution was neu- 
tralized with carbon dioxide and concentrated zn v m u o ,  and the 
semisolid residue was diluted with 10 ml. of water. Methyl ben- 
zoate was removed by extraction with two 3-ml. portions of cyclo- 
hexane and the aqueous phase, after being filtered through a thin 
bed of decolorizing carbon, was concentrated to a airup. From 
methanol-isopropyl ether, the product (0.9 g., 48%) was obtained 
in Crystalline form, m.p. 135-136'. Recrystallization from the 
same solvent mixture gave pure X, m.p. 139-140", [ a ] " D  +84.9' 
(c  0.5, water). 

Anal. Calcd. for CloHdhS.0.5HnO (261.33): C. 45.96: ._ -. ~ 

H, 8.10; S, 12.27. Found: C, 45.8k; H, 8.16;'S, 12.25. ' 

1,4-Anhydro-~-glucitol (XII) from X.-(0.5 g.) was desulfurized 
by boiling for 3 hr. in 10 ml. of 70% aqueous ethanol containing 
2 teaspoonfuls of freshly prepared Raney nickel. The suspen- 
sion was cooled and filtered, the filtrate was concentrated in 
vacuo, and the resulting sirup was dissolved in 0.5 ml. of isopropyl 
alcohol to give 0.1 g. (32y0) of crystals, m.p. 105-110". A 
second recrystallization afforded pure XII,  [ ~ ] * O D  -21.7' ( c  1.0. 
water); ita m.p. 114-115' waa not depressed on admixture with 
an authentic sample; lit.1am.p. 115-116', [a]% -21.9" (water). 

&Butyl 1-Thio-8-D-glucofuraoside (XI) .-Freshly fused zinc 
chloride ( 6  9.) was stirred a t  room temperature with 50 ml. of 
anhydrous ether for 15 min. 2-Methyl-2-propanethiol (1.5 ml.), 
chloroforni (15 ml., U.S.P. ), and 8-D-glucofuranose pentabenzo- 
ate (10 g.) were added, and the mixture waa stirred a t  room tem- 
perature. After 10 min., diesolution was not complete, and 55 
nil. of methylene chloride was added to give ct solution. After 
being kept for 16 hr. a t  room temperature, the mixture was fil- 
tered t,o remove 0.45 g. of ma.teria1, m.p. >300". The filtrate 
was concentrated to about one-third of its volume, andwas diluted 
with methylene chloride (50 ml.) and water (50 ml.). After 
being shaken, the aqueous layer was discarded, and the organic 
layer was washed with water (50 ml.) and with saturated aqueous 
bicarbonate, dried (anhydrous magnesium sulfate), and concen- 
trated in vacuo to a sirup. This sirup (8 g.) ww chromato- 
graphed on a column of 300 g. of alumina (acid-washed Alcoa, 
equilibrated with atmospheric moisture). Elution with 200-ml. 
portions of benzene led to the collection of a substantial peak of 
levorotatory material, [ C Y ] ~ O D  c a .  7 6 5 "  (chloroform). Efforts to 
obtain this material crystalline being unsuccessful, it  was de- 
benzoylated (barium methoxide in methanol) in the usual way to 
yield, from ether, fine needles (0.57 g.), m.p. 89-90'. Re- 
crystallized from ethyl acetate and dried a t  56" in vacuo, t,he 
product, had m.p. 89-90', [ o ] Z O D  - 140" ( c  0.35, water). 

Anal. Calcd. for CloHzuOsS (252.32): C, 47.60; H,  7.99. 
Found: C, 47.68; H,  8.01. 

Desulfurization of 0.40 g. of XT with Raney nickel was per- 
formed m for the ,-D anomer to give 0.0656 g. (25%) of crystals, 
m.p. 106-110°; on recrytltallization from isopropyl alcohol, 
n1.p. 112-114", undepressed by admixture with authentic XII .  
XI1 had [ ~ ] * O D  -21.1' ( c  0.53, water). 

Reaction of X with Mercuric Mesitoate.-X (1 g., 3.83 m- 
moles) was dissolved in 200 ml. of acetonitrile, half of the rtceto- 
nit,rile was removed by boiling, and the solution was cooled to 
room temperature, treated with 5 g. of mercuric mesitoate (9.49 
mnioles), and Rtirred overnight. A trace of a fine precipitate was 
removed by filtration (decolorizing carbon), and the clear, color- 
loss solution waa concentrated in UUCLLO to a. thin sirup which 
Crystallized spontaneously. The crystals were removed and 
washed with 1 ml. of methanol, 0.44 g., m.p. 92-100"; a second 
crop (0.10 g., m.p. 96-100") formed on standing; total yield, 
0.54 g., 1.74 mmoles. After recrystallization from acetone, the 

(12) P. A. Levene and G. M. Meyer, J .  Bid.  Chem., 1 6 ,  513 (1928). 
(13) S. Soltzberg, R.  hl.  Goepp, Jr.. and W. Freudenberg, J .  Am.  Chem. 

Soc.,  68, 819 (1946). 
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product waa obtained w prisms, m.p. 102-103', mixed with 
authentic mesitoic anhydride,14 m.p. 102-103' and had infrared 
spectrum identical with that of an authentic sample. 

A blank run, in which mercury mesitoate in acetonitrile waa 
boiled for an extended period, failed to yield detectable amounts 
of mesitoic anhydride. 

2,4-Dinitrophenyl 1-Thio-8-D-glucopyraoside Tetraacetate 
(XIII) --A solution of 12 g. of potassium hydroxide in 325 ml. of 
9.57, ethanol was mixed wit>h 48 g. of 2,4-dinitrobenzenethiol, 
and the reaulting, dark red suspension waa treated with a solu- 
tion of 81.55 g. of 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosy! 
bromide in 400 ml. of chloroform. After being boiled under 
reflux for 2 hr., the reaction mixture was cooled, diluted with 100 
ml. of chloroform, and washed with l/r-saturated, aqueous 
sodium bicarbonate. A small quantity of insoluble, yellow pow- 
der was filtered from the organic layer, which waa then washed 
four times with dilute, aqueous sodium bicarbonate and twice 
with water. The dark red chloroform solution waa filtered 
through a thick layer of decolorizing carbon on Filter-Cel, and 
waa concentrated t'o a small volume. From its solution in chloro- 
form-acetone-pentane, the product was obtained as pale yellow 
needles which were dried a t  60" for 1 hr., 67.1 g. (64% based on 
the bromide), m.p. 199-200'. Successive recrystallizations 
from acetone-ethanol and from hot 2-methoxyethanol afforded 
pure XII I ,  n1.p. 199-200", [a]% -98.0' (c 0.80, chloroform); 
Y ~ : P '  1762 s and 1747 s (OAc), 1604 m (Ar) ,  1530 m (ArNOz) 
em.-'. 

Anal. Calcd. for CzuHrANz013S (530.46): C, 45.28; H,  4.18; 
N,  5.28; S, 6.04. Found: C, 45.08; H,  4.19; N ,  5.48,; 
S, G.47. 

Deacetylation of XIII. A. With Methanolic Ammonia.- 
XI11 (10 g.) waa suspended in 300 nil. of methanol, the suspension 
cooled in ice, and dry ammonia gas passed in for 2 hr. The mix- 
ture was then stirred at 0" for 1.5 hr. and st room temperature for 
1.5 hr., and concentrated to a brown sirup. Most, of the aceta- 
mide was removed at  100" in LVZCUO, the residue waa dissolved in 
hot acetone, and t.he red sohition passed through a pad of Darco 
X. On being cooled, the solution deposited pale yeHow needles 
of the acetone solvate of XIV which were dried at, 60", 5.6 g. 
(717*, baaed on the solvate), m.p. 184-185' (sintering at  113'). 
Recrystallization from acetone-ethanol-benzene and then from 
acetone containing a 1itt.h methanol gave pure XIV containing 
acetone of crystallization, m.p. 117-119' (foaming), [ a l Z 0 ~  -207' 
( c  0.57, methanol); YE::"' 3300 s (OH),  1680 s (acetone), 1593 s 
(Ar),  1530 s, shoulder fArNOZ), 1516 s (Ar) cm.-'. Drying 
in vacuo at  120' for 1 hr. gave the solvent-free compound (weight 
loss, 13.37,; theoretical, 13.827,). 

Anal. Calcd. for C1?H14N20&.C$H60 (420.39): C, 42.85; 
H ,  4.79; N ,  6.67; S, 7.63. Found: C, 12.55; H, 4.75; N, 
6.51; S, 7.66. 

Anal. Calcd. for Cr2HldN20&3 (362.31): C, 39.78; H,  3.89. 
Found: C, 39.86; H,  4.07. 

Crystallization of XIV from hot water or from wat,er containing 
a littlr ethanol yielded pa,le yellow t,ufta of needles which were 
dried overnight a t  60°, m.p. 184-186' dec. (sintering from 108"), 
[a]% -249' (c 0.74, methanol); Y",::"' 35.50 s, 3400 s, and 3300 
s (OH), 1650 w (HzO), 1600 s (Ar), 1526 s (ArN02) ern.-'. 

.4nal. Calcd. for C ~ Z H ~ ~ N Z O ~ S . O . ~ H ~ O  (371.32): C, 38.81; 
H,  4.07; N, 7.55; S, 8.63. Found: C, 38.91; H,  4.19; N,  
7..52; S, S.57. 

With Barium Methoxide.-Deacetylation of XI11 (9.18 
9.)  in a mixture of 200 ml. of methanol and 200 ml. of dichloro- 
methane, using 10 ml. of 1.5 A' barium methoxide, waa allowed to 
proceed for 22 hr. a t  room temperat,ure. The pale orange sus- 
pension was diluted with methanol (1 1.) and the solution waa 
deionized hy passage through Amberlite IR-120 (H+),  5 X 12 
cm. and Aniberlite IR-.IB(OH-), 5 X 15 cm. ConcentrRtion of 
the solution gave a bright yellow residue which cryst~alliaed from 
aqueous ethanol aa pale yellow needlea, 0.77 g. (22%), m.p. 
8.587'. Recrystallization from ethanol-isopropyl ether gave 
nearly colorless needles of 2,4-dinitroanisole, m .p. 88-S9 O ,  

[cY]*OD 0" (c 1.05, chloroform). The infrared spectrum of the 
material (potassium bromide diak) was ident.ica1 with that of an 
authentic specimen ; a misture melting point, wm undepresaed. 

The material remaining in the mother liquor was crystallized 
from acetone containing a little ethanol, to give the acetone 
solvate of XIV, 2.45 g. (347,). 

B. 

(14) R. C. Fuson. J. Corse. and N. Rabjohn, J .  Am. Chem. Soe., 68, 2852 
(1941). 

Examination of the mother liquor by paper chromatography, 
using ethyl acetateacetic acid-water (9:2:2, v./v.) and a per- 
iodatesilver nitrate spray, revealed that,, in additmion to XIV 
(Rglucose 3.33), a second compound (Rgiuoose 0.73) was present. 
The latter substance cochromatographed with di(P-D-glucopyra- 
nosyl) disulfide, prepared by catalytic deacetylation of its octa- 
acetate .Is 

The Reaction of XIV with Mercuric Benzoate.-A mixture of 
0.61 g. of the acetone solvent of XIV, 0.71 g. ('1 .I molar equiv.) of 
dried mercuric benzoate, and 100 ml. of dry acetonitrile was 
stirred a t  rnom temperature for 21 hr. The pale yellow opales- 
cent solution was evaporat,ed to dryness, and the residue waa 
treated with 30 ml. of methanol. A pale yellow solid was fil- 
tered off, washed thoroughly with methanol, and dried at  GO', 
0.232 g. (53%), m.p. 256.5257' dec. Recrystallized from 
boiling acetonitrile, this product waa obtained as pale yellow 
needles, m.p. 256.5'; mixed with an authentic sample of bis- 
(2,4-dinitrophenylthio)mercury (prepared aa described later), 
the material meltred at  257' dec. 

Anal. Calcd. for ClzHoHgN408S~ (595.93): C, 24.06; H,  
1.01; Hg, 33.49; N,  9.35; S, 10.71. Found: C, 24.35; H,  
1.29; Hg,32.8; N, 9.99; S, 10.88. 

The pale yellow mother liquor W~LB sat.urated with hydrogen 
sulfide and was evaporated to dryness to coagulate the precipi- 
tated mercuric sulfide. Methanol (15 nil.) and dichloromethane 
(15 ml.) were added, and the suspension was centrifuged; the 
decantate was concentrated to a yellow sirup which crystallized 
from water, yielding 40 mg. of impure XIV. The mot'her liquor 
was extracted t,wice with ether to reniove benzoic acid, concen- 
trated to dryness, the acetylated (acetic anhydride-pyridine). 
Crystallization of the resulting sirup from ethanol afforded 120 
mg. of pale yellow needles, m.p. 193-198", undepressed on ad- 
mixt.ure with XII I ,  [ a l Z o ~  -93" ( c  1.37, chloroform). On stand- 
ing, the aqueous ethanolic mother liquor afforded clusters of 
colorless needles, 0.063 g. ( loyo), m.p. 139-141". Recrystalliza- 
tion from aqueoud ethanol gave XVI, [ a l Z o D  -31.4' ( c  0.74, 
chloroform), m.p. 142-145', m.rn.p. 142-146" with authentic 
material. 

Bis( 2,4-dinitrophenylthio)mercury (XVII) .-2,4-Dinitroben- 
zenethiol (0.17 E.) was shaken with 10 nil. of dry acetonitrile, 
contaminating dTsulfide wa,s removed by centrifugation, the resi- 
due being washed with 10 nil. of acet,ouitrile. The combined 
solution and washing was treated with a solution of 0.348 g. of 
mercuric benzoate in 30 ml. of acetonitrile, and the pale 
yellow mixture was kept a t  room temperature for 20 hr. 
Concentration gave a dark yellow solid which ww . triturated 
with methanol; the yellow crystals were removed by filtration, 
0.145 g., m.p. 25,5256" dec. Recrystallization fro& hot 
acetonitrile gave pale yellow needles, 0.083 g., m.p. 257.5" dec. 

Anal. Calcd. for C12H~HgN408Sz (598.93): C, 24.06; H,  
1.01; Hg, 33.49; N,  9.35; S, 10 71. Found: C, 24.42; H ,  
1.26; Hg, 32.6; N, 9.78; S, 10.51. 

The Reaction of XIV with Mercuric Mesitoate.---A mixture of 
52.5 mg. of the monoacetone solvate of XIV, 1.314 g. of mercuric 
mesitoate (2 molar equiv.), and 40 ml. of dry acetonitrile was 
stirred at  room temperature for 24 hr. during which time the 
suspended solid dissolved, yielding a pale yellow, opalescent 
solution. concentration of the solution to dryness gave a 
bright yellow sirup to which 20 ml. of methanol was added. 
After ca. 1 min., yellow crystals started separating from the mix- 
ture, which waa kept a t  0" for 1 hr.; wayhed with methanol and 
dried, XVII (165 mg., 44%) had m.p. 257.6256.5" dec. 

The combined filtrat,e and washings were diluted with 60 ml. of 
dichloromethane, saturated with hydrogen sulfide, and evapo- 
rated to dryness to coagulate the mercuric sulfide. The black resi- 
due waa ext,racted with 100 ml. of 1 : 1 (v./v.) methanol-dichloro- 
methane, and the extracts were filtered through a layer of char- 
coal on Filter-Cel. Concent>ration of the filtrate gave an orange 
mass which was treated with 50 ml. of water and then was ex- 
tracted with two 30-ml. portlions of dichloromethane t o  reniove 
mesitoic acid. Evaporation of the aqueouu layer afforded a 
sirup which, on tri4uration with ether-ethanol, deposited some yel- 
low amorphous powder. After filtration, removal of the solvent 
gave a pale yellow sirup which was acetylated (acetic anhydride- 
pyridine). Crystallization from ethanol-pentane yielded 40 mg. 
(67,) of square prisms of 2,3,4,6-tetra-O-acetyl-l-O-n~esitoyl-fi- 
D-glucopyranose, m.p. 137-138". Recrystallization from ben- 

(15) N. K. Richtmyer and C. S. Hudson, ibid., 66, 1477 (1943). 
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sene-hexane gave material with m.p. 139-140°, undepreased on Acknow1ednment.-We are indebted to the Analvti- 
admixture with an authentic specimen.6 Disaolution of the ma- 
terial remaining in the original mother liquor led to the isolation 
of 30 mg. of crystalline material, m.p. 110-140"; this waa not 

services Enit of this laboratory, directed by Mr, 
and infrared H. G. McCann, for 

further investigated. spectra. 
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Seven alkaloid hydrochlorides were isolated from the ether-soluble alkaloids of the bark of greenheart (Ocotea 
rodiaei). These alkaloids fall into two groups with properties pointing to bisbensylisoquinoline structures with 
one diphenyl ether linkage and two diphenyl ether linkages, respectively. The first group includes rodiasine, 
which previously had been isolated as the methiodide, and also norrodiasine and dirosine. The second group 
includes ocoteamine, otocamine, demerarine, and ocodemerine. None of these alkaloids haa the properties of 
chondrodendrine, commonly called "bebeerine," which has been believed to be the predominant alkaloid in 
greenheart bark. 

The ether-soluble alkaloids from greenheart bark 
(Ocotea rodiaei) generally have been believed to consist 
predominantly of the well characterized alkaloid chon- 
drodendrine, commonly called "bebeerine. ' 1 3  How- 
ever, this belief was based on an old comparison of the 
amorphous alkaloids from greenheart with alkaloids 
from other sources, and it was not found possible to 
isolate chondrodendrine from greenheart by previously 
reported methods.' Rodiasine dimethiodide, which 
was obtained by the treatment of the ether-soluble 
alkaloids with methyl iodide, appears to be the first 
pure alkaloid isolated from greenheart. This com- 
pound had the characteristics of a bisbenzylisoquinoline 
alkaloid (or biscoclaurine alkaloid) with one diphenyl 
ether linkage.' 

Preliminary investigations showed that the ether- 
soluble alkaloids consisted of many components rather 
than of one predominant alkaloid. Attempted frac- 
tional crystallization from organic solvents gave only 
amorphous products and showed evidence of some de- 
composition of the alkaloids in organic solvents. Crys- 
talline alkaloid hydrochlorides were obtained from dilute 
hydrochloric acid solutions of the ether-soluble alkaloid 
mixtures, but such crystallizations were very slow. 
Additional crystalline hydrochlorides were obtained by 
countercurrent distribution of the alkaloids with ace- 
tate buffer and chloroform; further additional alkaloid 
hydrochlorides were obtained by conventional chro- 
matography on alumina, employing the stepwise addi- 
tion of more polar solvents. However, better separa 
tion was obtained by gradient elution chromatography. 

Chromatography of the ether-soluble alkaloids on 
neutral alumina with a gradient eluent consisting of 
methylene chloride and methanol gave the curve shown 
in Fig. 1. The composition of the eluent was changed 
in an exponential manner, as shown in Fig. 1, by adding 
to a constant volume mixer4 methylene chloride con- 

(1) A previous paper was H. McKennis, Jr.,  P. J. Hearst, R. W. Drisko, 
T. Roe, J r . ,  and  R. L. Alumbaugh, J. Am. Chem. Soc., 78, 245 (1956). 

(2) Presented in part by P. J .  Hearst and H. Hochman, before the Organic 
Chemistry Division of the American Chemical Society (a) a t  Dallas, Tex., 
April, 1956, and (b) a t  Miami, Fla., April, 1857. 

(3) T. A. Henry, "The Plant Alkaloids." 4th Ed.. The Blakiston Co., 
Inc., New York, N. Y.. 1949, p. 363; M. Kulka, "The Alkaloids," Vol. IV,  
R. H .  F. Manske and H. L. Holmes, Ed., Academic Press, Inc., New York. 
N. Y.,  1954, p. 227 (also Vol. V I I ,  1960, p. 439). 

(4) R. M. Bock and N. S. Ling, Anal. Chem.. 36. 1451 (1854). 

taining geometrically increasing proportions of meth- 
anol. To minimize decomposition, the chromato- 
grams were run as rapidly and with as little solvent as 
appeared practical. 

From the majority of the chromatography fractions, 
crystalline alkaloid hydrochlorides were obtained. 
Fractional crystallization gave eight alkaloid hydro- 
chlorides which were purified to constant specific rota- 
tion. 2a Distribution coefficients were determined for 
the various batches of hydrochlorides obtained in the 
crystallization scheme, because in some cases the specific 
rotations were quite similar and the decomposition 
points were not only similar but also depended on the 
rate of heating and were not depressed in mixtures. 

The eight products obtained were tentatively desig- 
nated alkaloids C, D, E, F, G, H, I, and J hydro- 
chlorides. The specific rotations and distribution co- 
efficients of these hydrochlorides are listed in Table I. 

TABLE I 
ALKALOIDS FROM GREENHEART 

Name of designs- [.ID," peak,d groupsd.' 
alkaloid tion deg. K* R f C l d  om.-' OH NH 

Group A 

Original Phenolic Functional 

Rodiasine D +74 0 . 7  0.46 3385 1 0 
Norrodiasine C +74 2 .3  0.42 3365 1 1 
Dirosine E +97 2.8 0 40 3360 1 1 

Ocoteamine G +250 10.5 0.33 3555 1 1 
Otocamine H +268 0 . 4  0.34 None (0) (1) 
Demerarine F -181 11.5 0 .33  3545 1 1 
Ocodemerine J' -170 0 .5  (0.33) (None) (0) (1 )  

Group B 

Mixtures 

I + 148 0 . 5  0.35 
0 .48  3380 

J -38 1 . 4  ,o,43 0'33 3350 

' /a 

a Speclfic rotation of the hydrochloride ( c  1.0, water). Dis- 
tribution coefficient of the hydrochloride in 0.5 M acetate buffer, 
pH 4.17, chloroform. For amyl alcohol, pyridine, water 
(110: 110:90) on buffered paper. Values ih parentheses were 
not obtained directly but are indicated by various considera- 
tions, as indicated in the text. e AB deduced from the absorp- 
tion peaks of the acetylated alkaloids, 0 = none. Originally a 
component of this mixture of hydrochlorides. 


