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1,6-Di-O-phenylsulfonyl-D-mannitol. Its Preparation and Use in the Synthesis of 
Some Derivatives of D-Mannitol 
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KECEIVED JAXUARY 17, 1958 

l , t i-Di-O-~~li~iiylsulfoii~l-~-ii iaii i i i tol  lias beeii coiivertetl to l,ti-diaiiiiiiodidciJ~~-~-iiiaiiiiitiJl tliiiyclr~icl~loride ( I )  ~ i i d e r  
In the ainmonolysis step il by-product 113s relatively iiiild coiiditioiis without prior blocking of the secondary hydroxyls. 

been isolated which appears to be ~ -~ i i l i~~o-~-deox) -~ ,B-n l l l l yd ro -D- l i i~ i i t o~  beiizeiiesulf~~iiate (S). 

1,Ci-Dianiinodideoxy-u-niannitol dihydrochloride 
(I)  has been synthesized by the following reaction 
sequence? : D-mannitol -+ l,(i-dichlorodideoxy-D- 
mannitol + l,G-dichlorodideoxy-2,4 :3,5dimethyl- 
ene-D-mannitol -+ 1,6-diaininodideoxy-2,4:3,5-di- 
Inethylene-D-mannitol dihydrochloride -+ I. \Ye 
now wish to report a more direct synthesis of I 
and to describe a new interiiiediate (11) for the 
preparation of terminally substituted mannitol 
derivatives. 

D-Mannitol was treated with benzenesulfonyl 
chloride in pyridine a t  0" to obtain 1,G-di-O- 
phenylsulfonyl-D-niarinitol (11). *$minonolysis of 
TI in liquid ammonia yielded the benzenesulfonic 
acid salt of 1,G-diamitio-dideoxy-D-mannitol (111) 
which was converted to  I by careful treatment with 
concentrated hydrochloric acid. 

The positions of the sulfonic ester groups in I1 
were established by condensation of I1 with beiiz- 
aldehyde in the presence of zinc chloride to give 
1,6 - di - 0 - phenylsulfonyl - 2,3,4,5 - dibenzylidenc- 
 mannitol (IV), which upon reaction with sodium 
iodide in acetone yielded the kriown 1 ,G-diiodo- 
3,3,4,5dibenzylidene-~-niannitol~ plus a 1005% 
yield of sodium benzenesulfonate. 

The diester I1 also reacts with paraformaldehyde 
iii the presence of benzenesulfonic acid to give 1,O- 
di - 0 - phenylsulfonyl - 2,4:3,3 - dimethylene - D- 
niatinitol (V). Reaction of T' with sodium iodide 
in acetone gave the known 1,ti-diiodo derivative. 
Reaction of I1 with sodium iodide yielded only 
sodium benzenesulfonate and an unidentified oil. 
However it was noted that IV required 4 hours a t  
100" for complete reaction with sodium iodide and 
V needed only two hours a t  100" while I1 reacted 
a t  room temperature. 

The diester II reacts a t  25' with aniline to give 
1 ,CI-dianilinodicleox~~-~-iiia~i~iitcil (VI) in good yield. 
It was necessary to reflux 1- with aniline in dioxane 
for 42 hours in order to get the corresponding 1,6- 
tlinnilino - dideoxy - 2,4:3,5 - diinethylene - D- 
t naniiitol (VI11 in a siiiiilar yield. Ahmnonolysis 
of  V also proceeded with considerable difficulty. 
Since Tr was not soluble in liquid ammonia, the am- 
iiionolysis was done in a mixture of dioxane and 
ethylcrie glycol diiiietliyl ether. Xfter several days 
a t  rooiii tenl1)erature no reaction had occurred. 
I3y heating a t  45" for five days an oil separated 
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from which was isolated a siiiall aniouiit of 1 ,(i- 
dianiinodideoxy - 2,4:3,5 - diiiietliylene - 11 - i i i m -  
nitol dibenzenesulfonate. Li-ith hydrochloric acid, 
this substance gave a dihydrochloride having the 
same melting point as that reported by Haworth, 
et al.? 

n'hen V was refluxed with thiourea iii diuxaiie- 
alcohol the benzeiiesulforiic acid salt of 1 ,(j-diiso- 
thiouroniuiii - dideoxy - 2,4 :3,3 - cliniethylene- 
D-mannitol (TTIII) was formed. .\lkaliiie hydrol- 
ysis of VI11 yielded l,ti-dithio-2,4 ::~,~-climetliyle~ie- 
D-mannitol. On the other hand, I1 ~rlieri refluxed 
with thiourea in ethanol yielded ai1 oily solid that 
we were not able to purify by crystallization. 111 

the experiments tried it thus appears that I I will 
give the desired reactions with substances that are 
also solvents, but not with the other reagents uilless 
the free hydroxyl groups are blocked. 

In the ainnionolysis oi  I1 ;L by-product (X) was 
isolated. The analysis iiidicated a possible riiig 
structure containing only one benzenesulfoilate 
radical. I t  was therefore converted to the hydro- 
chloride XI which \vas subjected to periodic acid 
oxidation ,: There are three possible ring struc- 
tures that may be assigned to X and XI. The 
r:i tio found for I04-,41COaH iiidicates that the 
coiiil;ouiid possesses the 3,ti-anhydro riiig struc- 
ture. Tlie by-product X on this basis is prob- 
ably I -aiiiino- l-deoxy-3,(i-arihydr~)-D-~i~~~li~~itol bell- 
zenesulfonate. 
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Experimental 
1,6-Di-O-phenylsulfonyl-~-mannitol (11). -111 :L 1300-cc. 

. ice  Icesin kettle a well-stirretl iiiixture o f  1W.2 g .  (O.t iO 
iiiole) of n-iiimiiitol ((lrieti in i(/ciLo o\-e 
(7.44  nol lei) of mliytiriiu> ijyricliiie w 
iiialitle) ti, the builiiig puillt for 13 iiiiiiu 
t o  0'. Uryiiig tube\ 1vei-c usctl t ( ~  prc\ei i t  tile eiitr:uicc of 
atiiiosplicric nloisture. To tlic stirred iliixture kept a t  --.i 
to 0" by inearis o f  :in ice- -b:Ltli I K I ~  aiitletl t l r i i 1 ~ \ ~ i ~ r  ill 
7 Iiours l f i5  cc. (1.29 i i i o  L i f  redistilled bcrizeiiesulfo~~~~l 
chloride. Tlie resulting \ ui solution \vas stirred for 2 
hours loiigcr m d  then  :iI ti to stmil overlliglit at 0 ' .  
The niixture was then atltietl with stirring to :m escesi of 
ice and 190 cc.  (3.6 inoler)  of sulfuric acid (sp. gr. 1.84). 
The taffJ--like precipitate \vas tiissi~ivcti in !lOl) cc. o f  C h l O r i i -  

tions of ice-ci,ld iva~e i - .  L--.ually the pnitluct cr 
itniiietliately after the wcoiitl \vailiiiig. I t  ~ q ,  ;t11 lilt 
suction and iraslietl tivice bvitli ctlier. 'i'lie air-ilr 
uct v\-eigiieti 11;--124 g .  (-12 -d;( i'iic i ~ i - i i t l ~ ~ ( ~ t  \VA\  ]Juri- 
tied by cr! stal1iz:ttioii froii i  ct1i:itiiil a i i ( l  tilei1 eti~ylelie C h l i J -  

121- l E 3 ;  ( I ' ) ~ I )  -1- 1 t i . t ) '  (~liii\ ,iiie~. Cdcil .  f i n  
s, 1:i.ss. l ~ ~ ~ l l l l ( i :  s ,  1 : j T . i .  

) .  
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The product I1 is reasonably stable but in 3 months be- 
came sticky (m.p. 9S104O). One crystallization from eth- 
anol raised the m.p. to 121-122'. After 6 months one 
sample had decomposed to a thick opaque oil. 

Ammonolysis of 11.-In a pressure bottle, 30 g. (0.066 
mole) of I1 was dissolved in 100 cc. of liquid ammonia a t  
-40'. The bottle was capped, placed in a safety jacket 
and held for 21 days a t  0'. The bottle was then gradually 
cooled to -40", opened, and the ammonia evaporated 
under reduced pressure. The sticky yellow solid was thor- 
oughly shaken with 128 cc. of absolute alcohol, filtered, and 
the residue washed until white with 10-cc. portions of eth- 
anol, once with ether, and then air-dried. The material 
weighed i g. (217$), 1n.p. 230-235". The pure product I11 
was obtained by one crystallization from water-ethanol; 
m.p. 238-240", 01~~1) $10.2' (water). Calcd. for C18H28- 

During the filtration of the crude I11 more ammonia 
evaporated from the filtrate causing a solid to precipitate. 
I t  weighed 3 g. (Q .S$ l , ) ,  m.p. 165-167". I t  is referred to 
( t~ ide  infra) as S. 

The filtrate from the crude X gave ammonium benzene- 
sulfonate and a yellow oil that  was not identified. 

1,6-Diamino-dideoxy-~-mannitol Dihydrochloride (I)  .- 
In  a 50-cc. beaker 17.5 g. of I11 was suspended in 11 cc. of 
water. Then 12 cc. of hydrochloric acid (sp. gr. 1.19) was 
added. The solution mas cooled in ice for 30 minutes. 
The crystals were filtered and washed with four 3-cc. por- 
tions of alcohol; yield 8.4 g. (947,), m.p. 238-241", C X * ~ D  
4-11.5" (water). The m.p. of a mixture with I11 was 

1,6-Di-O-phenylsulfonyl-2,3,4,5-dibenzylidene-~-manni- 
to1 (IV).-To an intimate mixture of 5.92 g. (0.0128 mole) 
of I1 and 5 g. (0.037 mole) of powdered fused zinc chloride 
in a wide-mouth glass-stoppered bottle was added 10 cc. of 
freshly distilled benzaldehyde. The mixture was shaken 
vigorously for 15 minutes and allowed to stand for 3 days. 
The material was triturated with 25 cc. of alcohol, filtered 
and washed copiously with ethanol; yield 7.0 g. (87%). 
I t  was purified by two crystallizations from a 1 :3  dioxane- 
alcohol solution; m.p. 181-182', CXD +84.i0 (dioxane). 
Calcd. for C32H3001&: S, 10.04. Found: S, 9.93. 

Reaction of IV with Sodium Iodide.--A solution of 2 g. 
of IV and 3.0 g. of sodium iodide in 50 ml. of purified ace- 
tone was heated for four hours a t  100' in a pressure bottle. 
After cooling, a theoretical yield of sodium benzenesulfonate 
was separated by filtration and washed with acetone. The 
combined filtrates were concentrated to dryness in vucuo and 
the residue washed with water. The water-insoluble por- 
tion was recrystallized from 1 : 3 chloroform-ether; m.p. 
182-183', lit.3 184-186' (cor.), C X ~ ~ D  + 8 i . l o  (chloroform). 

1,6-Di-p-phenylsulfonyl-2,4 : 3,5-dimethylene-~-mannitol 
(V).-To a mixture of 8.0 g. (0.017 mole) of 11, 2 g. (0.06 
mole) of paraformaldehyde and 5 g. (0.037 mole) of fused 
zinc chloride was added 20 g. (0.13 mole) of molten benzene- 
sulfonic acid. The materials were thoroughly mixed by 
shaking in a wide-mouth glass-stoppered bottle, kept in a 
water-bath a t  50" for 20 minutes and allowed to stand for 3 
days. The solid mass was triturated with water and fil- 
tered. The solid mas extracted with two 30-cc. portions of 
boiling dioxane. The residue from distillation of the diox- 
ane was crystallized from alcohol to give V, m.p. 140-142', 
CXD +71.6" (dioxane). Calcd. for C ~ O H ~ ~ O I O S ? :  C, 49.4; 
H ,  4.6.  Found: C, 49.7; H ,  4.5. 

Reaction with Sodium Iodide.--% mixture of 0.97 g. 
(0.0020 mole) of V and 1.5 g. (0.010 mole) of sodium iodide 
was dissolved in 50 cc. of purified acetone and heated 2 
hours a t  100' in a pressure bottle surrounded by an iron 
jacket. .ifter gradual cooling to room temperature 0.73 g. 
( 100?/,)) of sodium benzenesulfonate was collected by filtra- 
tion. The residue from the distillation of acetone was trit- 
urated with water, filtered and crystallized from dioxane; 
m.p. 196-19i0, CXD f53.0' (chloroform). This agrees with 
the data for 1 ,6-diiododideoxy-2,4,3 : 5-dimethylene-~-man- 
nitol obtained by Hudson and co-workerss who used the di- 
tosyl derivative. 

\Vhen I1 was used in place of V reaction took place a t  
room temperature to give sodium benzenesulfonate and an 
unstable red oil. 

1,6-Dianilino-dideoxy-~-mannitol (VI) .--A mixture of 
4.62 g. (0.010 mole) of I1 and 50 cc. of cold freshly distilled 

O L O S ~ S ~ :  S, 12.92. Found: S, 12.87. 

22 1-229". 

(6) W. T. Haskins, R.  11. Hann and C .  S .  Hudson,  THIS JOUKNAL, 

66, 67 (1943). 

aniline was shaken for 10 minutes and the solution was 
stored in a dark place a t  room temperature. After 6 days 
the long needle-like crystals which had separated from the 
orange-colored solution were filtered and washed with dry 
ether. X second crop was obtained by dilution with 10 
volumes of dry ether. The water-soluble component of 
both crops was recrystallized from alcohol to give 2.2 g. 
(65%) of pure VI, m.p. 171-172', CXD +59.3' (dioxane). 
Calcd. for CisH~&\;2Oa: C, 65.4; H, 7.3; X, 8.4. Found: 
C, 64.8; H ,  7.0; X, 8.3. 

1,6-Dianilino-dideoxy-2 ,4 : 3,5-dimethylene-~-mannitol 
(VII).-*l mixture of 2.4 g. (0,0050 mole) of V, 10 cc. 
(0.11 mole) of aniline and 20 cc. of dioxane was refluxed 48 
hours from a bath a t  110'; 2.6 g. of aniline benzenesulfonate 
was filtered from the cooled mixture. The filtrate was 
treated with 7 cc. of hydrochloric acid (sp. gr. 1.19) and 35 
cc. of water. The solution was extracted with four 25-cc. 
portions of ether. The red oil from the dry (sodium sulfate) 
ether extract was dissvlved in 25 cc. of alcohol t o  start crys. 
tallization and the whole was decolorized by boiling 10 
minutes with activated charcoal. The crystals (VII) from 
the cooled filtrate weighed 1.1 g. (62Yc) from which pure 
VI1 was obtained by one more crystallization from alcohol; 
m.p. 124O, C X ~ D  + 1 3 5 O  (dioxane). Calcd. for C Z O H Z ~ K ~ O ~ :  
C, 67.4; H, 6.8; X, 7.9. Found: C, 67.1; H ,  6.8; S,  7.0. 

Ammonolysis of V.--.4 solution of 5 g. (0.010 mole) of V 
in 150 cc. of ethylene glycol dimethyl ether in a pressure 
bottle was saturated with ammonia a t  -28'. It was 
heated a t  44" in a safety jacket for 5 days. The heavy 
yellow oil (3 g.) that  separated was heated with 10 cc. of a 
5% solution of barium hydroxide for 2 hours. The residue 
from the removal of water in vucuo was extracted with 
chloroform. The residual oil from the chloroform solution 
was dissolved in water and acidified with hydrochloric acid 
(sp. gr. 1.19). Dilution with alcohol gave the hydrochlo- 
ride, dec. p .  220-224'. This corresponds to that obtained 
by Haworth and co-workers' for 1,6-diamino-dideoxy-2,4: - 
3,5-dimethylene-~-mannitol dihydrochloride. 

1,6-Diisothiouronium-dideoxy-2,4 : 3,5-dimethylene-~- 
mannitol Benzenesulfonate (VIII).-To a boiling solution 
of 2.43 g. (0.005 mole) of V in 7 cc. of dioxane was added a 
solution of 0.76 g. (0.010 mole) of thiourea in 13 cc. of hot 
alcohol. The mixture was refluxed 18 hours. The cooled 
solution set to a solid mass when diluted with dioxane. 
The filtered product was crystallized from hot alcohol; 
yield 2.5 g. (7870). No crystalline product was obtained 
when this reaction was applied t o I I ;  m.p. 181-182'. Calcd. 
for C ~ ~ H , O O ~ O N , S ~ :  X, 8.76. Found: S, 8.64. 

Alkaline Hydrolysis of VII1.-In 10 cc. of 10% sodium hy- 
droxide there was dissolved without warming 3.1 g. (0.0046 
mole) of ViII .  It was allowed to stand for 6 hours, then 
cooled to 0 , acidified with hydrochloric acid (sp. gr. 1.19) 
and stirred until white crystals separated. The product 
was filtered and washed with small portions of water a t  0'. 
The Droduct ( I S )  was crvstallized from hot alcohol: vield 

167') from the ammonolysis of I1 was purified by crystalli- 
zation from alcohol; m.p. 166-168', c ~ * & D  -11.3' (water). 

Anal. Calcd. for C1?H1907SS: C, 45.17; H ,  5.96; S, 
9.99. Found: C, 44.95; H ,  6.12; S, 10.01. 

The benzenesulfonate radical wits replaced by chloride to 
give X I  as described for the conversion of I11 to I;  m.p. 
166-167", 011) -11.5' (water). 

Anal. Calcd. for CsHI1O4SC1: C, 30.10; H ,  7.07. 
Found: C, 36.32; H, 7.09. 

In  a 50-cc. volumetric flask was dissolved 0.2523 g. 
(0.00126 mole) of X I  in 25 cc. of water. I t  was cooled in 
ice and with constant swirling 10.0 cc. of 0.4617 .V sodium 
metaperiodate was added. The solution was diluted to 50 
cc. with water and thoroughly mixed. Aliquots (2.0 cc.) 
were diluted with 1.0 cc. of 207' potassium iodide solution, 
15 cc. of 0.0924 N arsenite solution and 5 cc. of 0.20 ill 
sodium bicarbonate solution. -4fter standing a t  room tem- 
perature they were titrated with 0.09144 A' iodine solution. 
Another aliquot (5.0 cc.) was titrated with 0.1294 Xsodium 
hydroxide using methyl red as indicator to determine the 
amount of formic acid liberated. 

(7) W. N.  Hawor th ,  R L. Heath and L. F. \Viggins, J .  C h e w  SOL., 
155 (19-14). 
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Time, 1 0 4 -  cons. ,n HCOz€I l ib. ,a with I .  In each case the oxidation was almost complete in 

In  no case min. eyuiv. equiv. 5 minutes and essentially complete in 1 hour. 
was more than 90Yc of the theoretical value obtained. 5 1.74 

60 1.81 0.04 
360 1 82 .15 
1440 1.82 .17  

Ring structure 2, 6 3, 6 4, 0 
3 Equiv. IO4- required 2 * 2 

Equiv. HCOZH expected 1 0 1 
a Standardization runs were conducted with mannitol and NEWARK, DEL~TVARE 
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The Reactions of Maleic Anhydride with Hydrazine Hydrate' 

B Y  HENRY FEUER, EXIL H. VL-HITE AND JOHN E. \i-YhI.4N2 

RECEIVED FEBRUARY 21, 1958 

Depending on the conditions employed, maleic anhydride and hydrazine hydrate react to giVe 1,2-dimaleic acid hydrazine 
(I), maleic hydrazide, (1,2-dihydro-3,6-pyridazinedione) (11) and a yellow colored complex mixture which contains a small 
amount of I. Compound I was converted by hydrogenation to the known 1,2-disuccinic acid hydrazine and by refluxing 
in water to 11. 

In  1951, we reported the reactions of succinic 
anhydride with hydrazine hydrate. Since then, 
we have investigated the reactions of maleic 
anhydride with hydrazine hydrate, and have found 
that they differ in some respects from those of suc- 
cinic anhydride. The differences, however, can be 
accounted for by the facile ring closures that occur 
in the maleic acid series. 

When hydrazine hydrate is added to two moles 
of maleic anhydride dissolved in acetic acid, 1,2- 
dimaleic acid hydrazine (I) is formed in good yield. 
Hydrogenation of I yields the known 1 ,2-disuccinic 
acid h y d r a ~ i n e . ~  When an equimolar mixture of 
maleic anhydride and hydrazine hydrate is heated 
in acetic acid, an excellent yield of maleic hydrazide4 
(11) is obtained. Maleic monohydrazide (111) is 
a likely intermediate in the formation of both I and 
IT. 
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( I )  (a) Prriin l l i e  l'h.1). lliciis < i f  Jul in  Is. \Vyman, Purdiic IJniver- 
sity, 1950; (b) presented before the Division of Organic Chemistry 
a t  the Miami Meeting of the American Chemical Society, April, 
1 9 5 i .  

(2) Purdue Research Foundation Fellow, 1954-1955, Monsanto 
Chemical Co. Fellow, 1955-1956. 

(3) H. Feuer, G. B. Bachman and E. H.  White, THIS JOURNAL, 73, 
4716 (1951). 

(4) This compound has also been prepared by the  reaction of maleic 
anhydride with mineral acid salts of hydrazine: (a) R. H. Mizzoni and 
1'. E. Spoerri, THIS JOURKAL, 73, 1873 (1951); (h)  W. D. Harris and 
D. L. Schoene, U. S. Patent 3,575,934, Nov. 20 (1951); (c) Yu. A. 
Baskakov and PIT. N. Melnikov, J .  Gen.  Chern. of U.S.S.R,  24 ,  1216 
(1954). 

A similar procedure for the synthesis of I1 was 
reported recently by H i n t e r b a ~ e r . ~  The author 
reported the formation of a yellow intermediate 
which he considered to be N-aminomaleimide (IV).6 
LiTe have repeated his directions and have found 
instead that  under the conditions used (hydrazine 
hydrate added to the anhydride), the yellow inter- 
mediate is the linear hydrazide I. At higher tem- 
peratures, 1 is converted into I1 and maleic acid, a 
reaction that  occurs even in a water solution (vide 
infra). The structure of IV was not established 
by Curtius6 and me have not obtained it in any of 
our reactions. 

0 N--SHz 
,Y -..J 

\ 

'I ' or ~ 0 
FLHZ L-/ L/ 

' 0  0 I \. 
When maleic anhydride and hydrazine hydrate 

are mixed in ether or in alcohol solvents, a canary 
yellow precipitate forms; this reaction was first 
reported by Curtius.fi Our evidence indicates 
that the solid is a mixture of products. The in- 
frared spectrum of a sample in a potassium broinide 
pellet had a moderately strong band centered at  
5.90 p (characteristic of -CON- groups) and a11 
intense broad bnnd a t  0.40 p (- -eo?-- group). 
LIost of the solid was soluble in  water; the in-  
soluble part was largely the 1iiie:ir hydrazide I .  
Some of the solid could be recrystallized with dif- 
ficulty fro111 rrietli;m.)l, and its eleinental ailalpis 
agreed with maleic nioiiohydrazide (I  11). When 
the solid was refluxed in methanol with tiialeic. 
anhydride, two compounds were obtained, the 
linear hydrazide I and maleic hydrazide (11). 

Treatment of the aqueous solution of the yellow 
precipitate with benzaldehyde yielded benzalazine 

I. 
CsIljC€I==S-S=CHCsHs 

( 5 )  H. Hinterbauer, Austrian Patent 176,563, Kov. 10, 1953, C. A., 

(6) T. Curtius and H.  H. Foesterling, J .  pvakl .  Chem.,  51, 371 
48, 10785 (1954). 

(1895). 


