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rotation, but aliquots of the resultant solution gave a strongly 
positive thiol reaction, which reached a maximum after ca. 1.5 
min., and did not start to diminish in intensity until the reaction 
mixture had been exposed to  the air for several hours. The solu- 
tion gave a t  all times a strongly positive Sakaguchi reaction, as 
described by Brown and co-workers,lO for a guanidino derivative. 
Identical behavior in the color reactions was observed when a 
0.1% solution of I was prepared in a phosphate buffer,Il pH 7.2. 
S o  thiol or guanidine reactions were detectable when either 2- 
(2,3,4,6-tetra-O-acetyl-~-~-glucopyranosyl)S-th~opseudourea hy- 
drobromide12 or 2-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-~- 
glucopyranosyl) - 2 - thiopseudourea hydrochloride ( IV)la was 
treated with sodium hydroxide solution or pH 7.2 phosphate 
buffer. 

3,4,6-Tri-O-acetyl-l,5-anhydro-2-deoxy-2-guanidino-~-glucitol 
Hydrobromide.-A solution of I (200 mg.) in water was brought 
to pH 7.0 with sodium hydroxide, the solution was evaporated to 
a small volume, and the product was refluxed in ethanol with 
Raney nickel (2 g.) for 3 hr. The catalyst was filtered, the solu- 
tion was evaporated, and ether was added. An amorphous solid 

(10) R. A. B. Bannard. A. 4 .  Casselman, W. F. Cockburn, and G. M. 

( 1 1 )  T .  C. hlcllvaine, J .  Biol. Chem., 49, 183 (1921). 
(12) W. Schneider and K. Eisfeld, Ber., 61, 1260 (1928); hI. ?ern$, 

J. Vrkoi., and J. Stangk, Chem. Lisfy, 62, 311 (1958); Collection Czech. 
Chem. Commun., 24, 64 (1969). 

Brown, Can. J. Chem., 96, 1541 (1958). 

precipitated overnight; yield 70 mg. This product was non- 
reducing, contained no sulfur, but gave a strong positive Saka- 
guchi reaction. 

Anal. Calcd. for C13H22BrS307: N, 10.21. Found: N, 9.55. 
Desulfurization Experiments.-Derivatives of 2-amino-2- 

deoxy-I-thio-D-glucose were desulfurized with Raney nickel, with 
subsequent acetic anhydride-sodium acetate acetylation as pre- 
viously described,’” and the products were examined by thin 
layer chromatography with 4 : 1 ethyl acetate-acetone developer. 
The zones were revealed by spraying with concentrated sulfuric 
acid. A reference sample of 2-acetamido-l,5-anhydro-2-deoxy- 
D-glucitol (V) migrated as a discrete zone of Rr 0.80. Three con- 
trol experiments, with the derivatives 2-( 2-acetamido-3,4,6-tri- 
o-acetyl-2-deoxy-P-~ - glucopyranosyl) - 2 - thiopseudourea hydro- 
chloride, 2-acetamido-3,4,6-tri-OF acetyl - 2- deoxy-8 -D - glucopy- 
ranosyl ethylxanthate, and 2-acetamido-3,4,6-tri-O-acetyl-l-S- 
acetyl-2-deoxy-l-thio-~-~-glucopyr~nose, all gave V as a zone 
of Rr 0.80 with only traces of side products. Under identical con- 
ditions 2-(3,4,6-tr~-~-acety~-2-am~no-2-deoxy-~-~-glucop~~ano- 
syl)-2- thiopseudourea dihydrobromide (I)  and 3,4,6-tri-O-acetyl- 
2-amino-2-deoxy-~-~-g~ucopyranosy~ ethylxanthate hydrobro- 
midelagave no detectable product with Rt 0.80, and no crystalline 
product, could be isolated from either reaction mixture. 
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The preparation of two sugar glycosides carrying “pendant” B-mercaptoethylamine moieties is described, as is 
the synthesis of some related analogs of 8-mercaptoethylamine. 

I’rcvious papers2 in this series have described the 
preparation of sugars that have the p-mercaptoethyla- 
mine (MEA) moiety incorporated into the sugar ring and 
t,hat are potential radiation protective chemicals. An- 
other variation of the @-mercaptoethylamino sugar is 
that class of compounds in which one of the sugar hy- 
droxyls is replaced by the MEA group. The prepara- 
tion of the latter type of compound is the subject of this 
paper. 

The 6-ethylenhino sugar (I)3 when treated with 
hydrogen sulfide gave an excellent yield of a p-mercap- 
toethylamine which could be isolated as a crystalline 
solid but which was best stored as the hydrochloride (11) 
t’o minimize oxidation to the disulfide. The reaction of 
I1 with methanolic hydrogen chloride afforded the gly- 
coside (111), which is written as the pyranoside although 
no rigorous structure proof of the ring size was carried 
out. The presence of the thiol function rendered im- 
practical the standard periodate method of determining 
ring size for 111. A.queous hydrolysis of I1 in an effort 
to prepare the free sugar gave much darkening and de- 
composition and no discrete product’. 

(1) The work reported in this paper (no. 5 of the series) was carried out 
under the joint auspices of the Medical Research and Development Com- 
mand, Office of the Surgeon General, under contract n o .  DA-49-193-MD- 
2068, and of the Cancer Chemotherapy National Service Center, Natonal 
Cancer Institute, National Institutes of Health, Public Health Service, under 
contract no. SA-43-ph-1892. The opinions expressed in this article are 
those of the authors and not necessarily those of either sponsoring agency, 

( 2 )  (a) L. Goodman and J. E .  Christensen, J .  Am.  Chem. Soc., 83, 3823 
(1961); (h) J. E. Christensen and L. Goodman, ibid.. 83, 3827 (1961); (0)  
L. Goodmanand J. E .  Christensen, J. Ore. Chem.. 18, 158 (1963). 

(3) L. Vargha, L. Toldy, 6. FehBr, and 6. Lendvai, J .  Chem. Soc., 805 
(1957). 
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Opening of the epoxide ring of IVZc with excess S- 
benzyl-p-mer~aptoethylamine~ gave the blocked deriva- 
tive (V) in crude form. Opening of IV, predominantly 
a t  C-3 is assumed on the basis of other experience with 
these blocked anhydromannosides. Cleavage of V 
with sodium in liquid ammonia afforded, in good yield, 
a crystalline thiol that was converted to the hydro- 
chloride salt (VI) without loss of the ethylidene block- 
ing group. Treatment of VI with methanolic hydro- 
gen chloride gave the glycoside salt (VIII). Aqueoils 
hydrolysis of VI in an effort to prepare the free sugar 
corresponding to VI11 did not give a clean product. 
Aqueous acid hydrolysis of VI could lead to formation 
of a 1,6-anhydride or to  thioacetal formation by at- 
tack of the pendant p-mercaptoethylamine group at  
C - 1 .  The fact that the acetylation of the hydrolysis 
product gave no infrared S-acetyl carbonyl absorption 
suggests that thioacetal formation might have occurred 

(4) J. G. Rloffatt and 1%. G. Rhorana. J. Am.  Chem. SOC., 83, 663 (1U61). 
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during hydrolysis. When the anhydroaloside (VII) 
was treated with S-benzyl-p-mercaptoethylamine, much 
more severe conditions were required to cause complete 
reaction than in the case of IV. KO single product 
could be isolated from the reaction, possibly because of 
appreciable ring opening at  C-3 as well as a t  C-2.j 

Several attempts were made to prepare VI11 via the 
reaction of ethylene monothiolcarbonate6 with a 
blocked derivative of methyl 3-amino-a-~-altropyrano- 
sideza but little or no reaction could be realized, even in 
refluxing p-xylene. 

A number of ethylenimines, prepared as potential 
anticancer drugs, were treated with hydrogen sulfide to  
produce certain other hydroxyl-containing p-mercapto- 
ethylamines. The bisethylenimine (IX)' under these 
conditions gave a good yield of a crystalline solid, which 
readily polymerized by oxidation to a polydisulfide and 
was best preserved as the dihydrochloride (X). In  a 

N C ~ H -  C H C H ~ N  I 3 -  
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( 5 )  See A. B. Foster, AI .  Stacey. and S. 1'. Vardheim, Acta Chem. Scond., 
12, 1605 (1958), for  the ammonolysis of such a n  anhydroalloside; and N. 
K. Richtmyer and C. S. Hudson, J .  Am. Chem. SOC., 63, 1727 (1941), for the 
cleavage with potassium hydroxide. 

(6) I). D. Reynolds. AI.  K. Massad, D. L. Fields. and 11. L. Johnson. 
J .  Org.  Chem.. 26, 5109 (1961). 

(7)  L. Targha, L. Toldy, and E. KasatreirPr. : lc/a Chetn. Ifung.. 19, 293 
(1%9): E. .T .  Reist, I. G .  .Junta, 11. E. \Vain, 0. 1'. Crtsws. L. C;oodtiian, 
and B. R. Baker. J .  0 , y .  Clem.. 26, 2K50 (1961). 

similar fashion, the monoethylenimines (XI-XIII)* 
were opened with hydrogen sulfide; the free bases were 
distillable liquids that were oxidized to disulfides very 
rapidly on air exposure and were stored as the hydro- 
chlorides (XIV-XVI) . 

Experimental9 
6-Deoxy-6-( P-mercaptoethyl)-amino-1 ,Z-O-isopropylidene-D- 

glucofuranose Hydrochloride (II).-A stirred, chilled (0") solu- 
tion of 1.14 g. (4.65 mmoles) of 6-deoxy-6-ethylenimino-l,2-O-iso- 
propylidene-D-glucofuranose ( I )3  in 25 ml. of absolute methanol 
was treated with a stream of hydrogen sulfide for 2 hr., while the 
temperature was maintained below 5'. The solution was evap- 
orated in vacuo to give 1.34 g.  (103%) of a colorless, viscous sirup 
that slowly crystallized to a white, nitroprusside-positive solid, 
m.p. 100-103°. The solid was recrystallized from 60 ml. of hot 
benzene with the addition of petroleum ether (b.p. 30-60") to  
turbidity, affmding 0.85 g. (tis%) of solid, m.p. 98-104"; 
A::$, 2.95, 3.96 (XH,  OH), 3.83-3.92 (SH), 3.72, 4.09, 4.19,  
and 6.32 (unassigned bands probably due to hydrogen-bonding 
between YH, NH,  and OH groups). 

Anal. Calcd. for  C1IHZlNO:S: C, 47.3; H,  7.58; S, 11.5. 
Found: C,46.8,46.8; H, 7.29, 7.48; S, 10.7, 11.0. 
-4 second recrystallization of the analytical sample from ben- 

zene-petroleum ether gave a solid with the increased melting 
range of 96-111°, suggesting that the product was unstable to 
such treatment. 

The free base, prepared as above, was immediately added to 
100 ml. of a 4% ethereal solution of hydrogen chloride. A gummy 
solid formed, which was separated and washed by decantation 
with several portions of ether, affording after drying a quantita- 
tive yield of a white, nitroprusside-positive powder that yellowed 
on being heated a t  100'; kl::&l 3.05 (OH), 6.30 (XH2+); [ Q ] ~ ~ I )  

- 2' (1  "/c in methanol). 
Anal. Calcd. for ClIHP2CINOsS: C, 41.8; H,  7.02; C1, 11.2; 

S, 10.2. Found: C,41.4; H, 7.26; C1, 11.2; S, 10.4. 
Methyl 6-Deoxy-6-(~-mercaptoethyl)-amino-~-glucoside Hydro- 

chloride (HI).-A sample of the blocked free base of I1 was pre- 
pared from 12.25 g. (50.00 mmoles) of 6-deoxy-6-ethylenimino- 
1,2-0-isopropylidene-D-glucofuranose (I)  as described above. 
The sirupy product immediately was dissolved in 300 ml. of 25; 
methanolic hydrogen chloride and the solution, protected from 
moisture, was heated a t  reflux for 1.5 hr., then evaporated in 
vacuo. The residue was washed with several portions of dry ether 
and vacuum-dried to afford 14.2 g. (98%) of a yellow nitroprus- 
side-positive solid; X",$, 2.93 (OH), 3.94 (SH),  6.22 (XH2*). 

Anal. Calcd. for C9H2&1N0:S.0.1 HC1: C,  36.8; H ,  6.91; 
C1, 13.3; S, 10.9. Found: C,36.7; H ,  7.03; C1, 13.3; S, 10.9. 

Methyl 3-(@-Benzylthioethyl)- amino-3-deoxy-4,6-0-ethylidene- 
a-D-altropyranoside (V).-A mixture of 12.0 g. (59.0 mmoles) of 
S-benzyl-P-mercaptoethylamine hydrochloride4 in 120 ml. of 1 
M aqueous sodium hydroxide was stirred for 10 min., then ex- 
tracted with two 80-ml. portions of dichloromethane. The com- 
bined extracts were washed with 80 ml. of water, dried over potas- 
sium carbonat?, filtered, and evaporated in vacuo to afford 9.86 g. 
(59.0 mmoles) of S-benzyl-8-mercaptoethylaminc as a sirup, 
which was added to 40 nil. of dimethyl sulfoxide. This solution 
was added to a solution of 4.00 g. (19.8 mmoles) of the anhydro- 
mannoside (IY)Pc in 40 ml. of dimethyl sulfoxide and the reaction 
mixture was stirred a t  110-115° for 18 hr. in a nitrogen atmos- 
phere, then poured, with stirring, into 500 ml. of ice-water. The 
mixture was extracted with three 100-ml. portions of chloroform, 
the combined extracts were washed with two 100-ml. portions of 
water, dried over potassium carbonate, and evaporated in vacuo, 
giving a yellow liquid. The residue was triturated with five 30- 
ml. portions of petroleum ether (b.p. 62-70"), decanting each 
time, affording finally 5.48 g. (75y0) of a yellow sirup whose nitro- 
gen analysis suggested that it contained about 10% of S-benayl- 
8-mercaptoethylamine. 

( 8 )  E. J .  Reist I. G .  Junga, and B. R. Baker, J .  Orn. Chem.. 25, 1673 
(1 960). 

(9) Boiling points and melting points are uncorrerte.1; the latter mere 
obtained with the Fisher-Johns apparatus. Paper chromato,oraphy u a s  
done by the descending technique on Whatman no. 1 paper, using n-hutyl 
alcohol -acetic acid-water (.5/2/3) a8 tlie solvent systelii and dpterting tlic 
sliots with sodiurli nitroprusside and sudiuni cyanide sprays. The sputs 
were located relative to  adenine. i . e . ,  fii ade:iine = 1.00. 
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Methyl 3-(~-Mercaptoethyl)-amino-3-deoxy-4,6-O-ethylidene- 
a-o-akropyranoside Hydrochloride (VI) .-A solution of 2.89 g. 
(7.05 mmoles, calculated as 90% pure) of crude V in 17 ml. of 
1,2-dimethoxyethane was added dropwise and with stirring to a 
solution of 0.90 g. (0.039 g.-atom) of sodium in 40 ml. of liquid 
ammonia. The mixture was stirred for 30 min. under reflux, then 
the blue color was discharged by the addition of excess solid am- 
monium chloride. The ammonia was evaporated under nitrogen, 
30 ml. of water was added to the residue, and the aqueous solu- 
tion was adjusted to pH 7 with glacial acetic acid. The aqueous 
solution was extracted with three 20-ml. portions of dichloro- 
methane, the combined extracts were washed with 10 ml. of 
water, dried over magnesium sulfate while maintaining a nitro- 
gen atmosphere, then filtered and evaporated in vacuo to give 1.58 
g. (80%) of a pale yellow, crystalline solid whose infrared spec- 
trum showed an -SH absorption band a t  3.9 f i .  

The solid was immediately dissolved in 10 mi. of 1,2-dimeth- 
oxyethane and to this solution was added, with cooling and stir- 
ring, 20 g. of a 2 . 2 7 ,  solution of hydrogen chloride in 1,2-di- 
methoxyethane. The crystalline solid, 1.44 g. (64%), m.p. 183- 
191" dec., was collected and recrystallized by dissolving in warm 
methanol, then adding enough ether to initiate crystallization. 
The analytical sample had m.p. 178-186" dec.; A::$, 3.00 (OH), 
3.59, 3.69, 3.72, 6.27 (XHze); [ C Y ] ~ D  +89" (1% in methanol); 
it traveled as a single spot with R4d 1.16 on paper chroma- 
tography. 

Anal. Calcd. for C1IH22ClN06S: C, 41.8; H, 7.02; C1, 11.2; 
N, 4.44, H, 10.2. Found: C, 41.9; H ,  6.64; C1, 11.2; N ,  4.41; 
S, 10.3. 

Some anomerization evidently accompanied the recrystalliza- 
tion, since another sample taken directly from the hydrogen chlo- 
ride treatment had m.p. 184-190" dec. and [ C Y ] ~ ~ D  +96" (17, in 
methanol). 

Methyl 3-( ~-Mercaptoethyl)-amin0-3-deoxy-n-altropyranoside 
Hydrochloride (VIII).--A solution of 5.0 g. of 1'1 in 300 ml. of 
1% hydrogen chloride in methanol was heated a t  reflux for 3 hr., 
then evaporated in vacuo. The residue was triturated several 
times with ether and dried, yielding 4.23 g. (927,) of a yellow, 
hygroscopic, nitroprusside-positive solid, m.p. 5CL70" ; k ~ ~ ~ ~ ,  
3.05 (OH), 6.32 (NH2@); i t  moved as a single spot on paper chro- 
matography with R A ~  0.70. 

-4nal. Calcd. for CQH&lNO&3: C, 37.3; H,  6.96; C1, 12.2; 
N, 4.83; S, 11.1. Found: C,37.0; H ,  6.98; C1, 13.0, 12.8; N, 
4.73, S, 11.4. 

meso-3,8-Diaza-5,6-dihydroxydecanedithiol-l,10 Dihydro- 
chloride (X).-A stirred suspension of 0.40 g. (2.32 mmoles) of 
rneso-l,4-diaziridinyl-2,3-dihydroxybutane (E)? in 15 ml. of 2- 
methoxyethanol was cooled to 5" and treated with a slow stream 
of hydrogen sulfide. The solid slowly dissolved and a complete 
solution resulted after 1 hr. A precipitate then formed rapidly 

after allowing the hydrogen sulfide flow to continue for 10 min. 
more. The white precipitate was collected and washed with 2- 
methoxyethanol and hexane to afford 0.28 g. (507,) of a white 
solid, m.p. 11CL115°, which gave a strong nitroprusside test. 
The product was recrystallized by extracting the powder with 10 
ml. of boiling absolute ethanol and filtering the hot solution. The 
filtrate deposited 0.21 g. (38%) of white, water-soluble crystals, 
m.p. 111-114°; A%'%, 3.07 and 3.22 (OH, NH), 3.94 (SH), 
9.32 and 9.45 (C-OH j. 

Anal. Calcd. for CiiHnnNzOzS: C,  40.0: H. 8.39: S. 26.7. - .. . .  

Found: C, 40.5; H ,  8.58; S, 26.5. 
When the reaction period was extended to 2 hr., the yield of 

recrystallized product was 64%. 
A mixture of 0.30 g. of the free base of X in 20 ml. of methanol 

was filtered to remove polymer that had formed by air oxidation. 
To the filtrate was added 10 ml. of methanol that had been satu- 
rated with hydrogen chloride a t  room temperature. The solu- 
tion was stirred a t  room temperature for 5 min., then evaporated 
in vacuo, leaving 0.29 g. of a white, nitroprusside-positive solid: 
m.p. 206-212"; A::$,) 2.98 (OH), 3.95 (SH), 6.26 (NHze). 

Anal. Calcd. for CBH22C12N202S2: C, 30.7; H, 7.08; C1, 
22.6; S,20.5. Found: C,30.6; H ,  7.23; C1,22.6; S,20.3. 

The other P-mercaptoethylamine hydrochlorides (XIV, XI-, 
and XVI) were prepared essentially as described for X ,  except 
that the ethylenimine was opened with hydrogen sulfide in 
methanol. 

3-Aza-5-hydroxy-1-mercapto-5-methylheptene-6 hydrochloride 
(XIV) was obtained in 82% yield from XI  as a hygroscopic, white 
solid; A",;, 3.02 (OH), 6.08 (C=C), 3.62, 6.31 (NHz9). 

Anal. Calcd. for C ~ H I & ~ T O S :  C, 42.5; H, 8.16; c1, 17.9. 
S, 16.2. Found: C,42.8; H ,  8.13; C1, 18.0; S, 16.0. 

3-Aza-5-hydroxyheptanethiol-1 hydrochloride (XV) was ob- 
tained in 96% yield from XI1 as a hygroscopic, white solid; 
A::$,) 2.8-3.1 (OH), 3.90-4.00 (SH), 6.1-6.3 ("2'). 

Anal. Calcd. for CsH16ClNOS: C, 38.8; H ,  8.69; C1, 19.1; 
S, 17.3. Found: C,38.5; H,8.60; C1, 19.4; S, 17.1. 

3-Aza-5-hydroxy-4-methylhexanethiol-1 hydrochloride (XVI) 
was obtained in 97y6 yield from XI11 as a hygroscopic, white 
solid; A::$, 3.04 (OH), 3.60 and 6.30-6.42 (NHze), 3.98-4.05 
(SH). 

Anal. Calcd. for C ~ H I & ~ N ~ S :  C, 38.8; H, 8.69; c1, 19.1; 
S, 17.3. Found: C, 39.0; H, 8.60; C1, 18.8; S, 17.2. 
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