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in~u-Inosose-~.Z (III), obtained by catalytic dehydrogeiiation of neo-inositol (I), was converted into its phenylhydrazone I1 
The epimeric Inyo-inosamine-5 (XI )  was obtained by sodium 

This last prepara- 
The 3,~-dih?-dros\--cu-methylcinnamic acid amide (XVI) of neo- 

This arnidc and neo-inosamine-2 were identical with the Cis- and Cs-degradation frag- 

which on catalvlic reduction furnished neo-inosarnine-2 (VI). 
mialgani reduction of the sodium oximate of I11 and by ammonolysis of ~-1,2-anh\-dro-neo-inositol ( IX).  
tion furnished n-LLllo-inosaiiiirie-l ( X  j as :t eo-product. 
iriosaminc-2 was also prepared. 
ments, respecti\ clh-, of llygrilillycin 

X previous cominunication2 reported degrada- 
tion studies with an antibiotic designated as 
1 'i03-18B in these laboratories. This antibiotic is 
identical with the antibiotics hygromycin3 and 
homomycin. s 7 4  ,h id  hydrolysis of hygromycin 
afforded a C6HlZNOh basic which was 
demonstrated to be neo-inosamine-2 (Lr1)8 through 
a series of elegant experiments by Patrick and his 
cu-workers.2 In  the present paper we wish to 
describe an unequivocal synthesis of VI and its 
3,4-dihydroxq--a-methylcinnainic acid amide, an- 
other degradation product of hygromycin. 3 , 6 , 7  

The most direct method for preparing VI ap- 
peared to be the reductio11 of  an appropriate inosose 
hydrazone or oxime. However, such an approach 
required the heretofore u i i k ~ i o ~ v v n  myo-inosose-5 
(~111) . g  Allthough preliniiiiar?; efforts to effect the 
preparatioii of this inosose by iiitric acid oxidation 
o f  neo-inositol (1) were unrewarding, catalytic 
dehydrogenationll of this inositol gave ail inosose. 
isolated as its phenylhydrazoile. in 2S-4i% yield. 
Treatment of this derivative with benzaldehyde in 
the presence of benzoic acid12 regenerated the 
inosose in 60ki670 yield. Hydrogenation of this 
iriosose in the presence of platinum furnished 
neo-inositol'O in 88yo yield. whereas reduction with 
sodium amalgam gave myo-inositol ( IV) . isolated 
as its hexaacetnte. in 4 0 ~ o  yield. Of the two 
itructures (111 and 1.) possihlc. Tor an inososc 
(lerii-ed frorii 1 ,  only that of rii~wiiiosose-5 i 111') is 
coinpatiblc with the results o f  these retluctioii ex- 
periments. Thus, dehydrogenatioii occurred pref- 
erentially a t  an axial hydroxyl group. aii observ:r- 
tion which was noted in previous studies.11 

(1) A purtiun of this work was the  subject of a preliminary cum- 

( 2 )  J. I? Pa t r i ck ,  R. P. \\-illi:tms. C. W. Wallrr and H.  2.. Hutcli 

(:I) J. B Patrick, private cummunicatiun. 
14) K. Isono, S. Yamashita. Y .  Tumiyama, S. Suiuki  and H.  Sakai, 

.i A ~ z t i b i o t i c s  J a p a n ,  (A) 10, 21 (19.57). 
I.;) >lure extensive degradative experiments are riescril>rd h?. N a n n  

. i t i d  Koulft and the  Japanese group.' 
t ti) I< L. I l a n n  and D. 0. Woolf, J .  Awr. Chrm. SLU ., 79.  120 ( l95i)  
( 7 )  31. Namibi. K .  15ono and 5. Suzuki, J .  AAjilihiot 

(8) T h e  ay&rm uf nomenclature used in this paper 15 that  proposed 
hy Fletcher and his associates [H. G. Fletcher, Jr., L. Anderson and 
H. .4. Lard?, J .  OTE. Chem. ,  16, 1238 (1951) I. 

(9) I n  our earlier communication this compound was erroneously 
designated "neo-inosose-2." 

(10) S J. A~irya l  and N.  1; Matheicrn, J .  A m  Client. Sac., 77, 4343 

(11) Method of K .  Heyns and H. I'auI>en, B t ! , ,  86, 8X1 11 

(12) ' I '  I ' o , i t ~ i i . i k .  lirk C.liini . I t l o ,  19, 1 

munication [ J .  A l f 7 .  Tiiefn. Soc.. 78, 5691 (1956)l. 

iogs, i b i d  , 78, 26.72 (1926) 

160 (19S i ) .  

(1958) 

89, 1152 (1956) 

13 
VI 

Of interest is that catalytic dehydrogenation of 
neo-inositol. which contains two axial hydroxyl 
groups, ceases a t  the monoketone stage, for sub- 
sequent studies showed that  dehydrogenation of 
this iiiositol with .lcetobactcr suboxydans proceeds 
to 2,3-diketo-?nyo-inositol. Following the com- 
pletion of this work i t  was reported that platinum- 
catalyzed dehydrogenation of inositols is a highly 
stereospecific reaction in which only axial hydroxyl 
groups are aff ected.I4 Moreover, our observation 
that the catalytic dehydrogenation of an inositol 
containing two axial hydroxyl groups ceases a t  the 
monoketone stage has since been confirmed by other 
workers with L-inositol, 1)-inositol, (+) -pinitol 
and quebrachitol. liC 

\\.it11 thc proper iriososc available. neo-inosaniiiie- 
2 (\'I I W:IS readil>, obtaitietl. Thus. the phenyl- 
hyl ra ior i r  I 1 WIS hydrogeriaterl in ghcial acetic 
;ic.iri i r i  t h c  1)rcsenrc o f  a platinuiii catalyst 1.0 give a n  

t'i ti,* 
I I  

Y 
v 1 

iriosarnine in 3:& yield. Since previous workers 
have reported that reduction under such conditions 
results in predoiriiriarit introduction of a11 axial 
amirio group it was postulated that this product 
WRS ricr)-itiosaiiii~ie-L' jr71 J . I "  

(13) I.. Andersuu. K. 'l'akeda. 5 J.  Angyal and I ) .  J. McHugli. 
.luch. Biochem. Biophys. ,  7 8 ,  518 (195SJ. 

(14) iaJ S J. Angyal, Quavt. Revs. ,  11, 212 (1Y.57); (b) L. Anderson, 
E. S. DeLuca, A. Bieder and G. G. Post, J .  A m .  Chem. SOL.,  79, 1171 
(1957); T h e  
author is indebted to  Professui Angyal for communicating this ohser- 
ration prior t o  its publication. 

(15) (a) L. Anderson and H H Lardy, J. A m .  Chem. SOL.,  7.2, 
3141 (1950); (b) E. I.. IIay and E.  l losett ig,  J .  Org.  Ckem.,  14, 11.17 
(1949); (c) T .  Posternak, H ~ l z ' .  <'him. A r f a ,  33, 1.597 (1960). 

(16) I n  ii private communic:ition Professor S. J Angyal has iu- 
~ o r m i ~ ~ l  1 1 1 ~  , t i i t l i o i .  t h . t l  lii., 1 1 ) ~ ~  11 iiii<.il O I ~ I  i t i< ,  w 1 a l v t i r  civli\<lr<m 

(c) G. G. Post and L. Anderson, ibid., 84, 471 (1962). 
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Unequivocal proof for the configuration of VI 
was obtained by the preparation of myo-inosamine- 
3 (XI) ,  which is epimeric with VI at the carbon 
bearing the amino group. The synthesis of X I  
was accomplished in two ways. Initially, myo- 
inosose-3 (111) was converted into its sodium 
oximate which, without isolation, was reduced with 
sodium amalgam. l7plia The reaction mixture was 
acetylated, and the epimeric hexaacetates thus 
obtained were completely deacetylated with hydro- 
chloric acid. Treatment of the epimeric inosamines 
with carbobenzyloxy chloride, under Schotten- 
Bauman conditions, furnished in low yields the 
cyclic carbamate VI12 of neo-inosamine-2 and the 
N-carbobenzyloxy derivative of a new inosamine. 
This latter product was considered to have the 

0-,c=o 

3-carbobenzyloxyaniino-S-deoxy-myo-inositol struc- 
ture VIII. ls  The second preparation of myo- 
inosamine-5 (XI) proceeded from D-1 ,2-anhydro- 
neo-inositol (IX) .20 

Ammonolysisz1 of this oxide furnished a mixture 
of inosamines which was resolved by chroma- 
tography on powdered cellulose into crystalline 
inosamine A (10% yield) and amorphous inosamine 
B (70% yield). The latter was characterized as its 
crystalline hexaacetyl (obtained in 83% ,yield) and 
N-acetyl derivatives. By virtue of its optical 
inactivity, inosamine X must be nzyo-inosamine-5 
(XI). This conclusion was verified by conversion 
qenation 01 neo-inositol (I) to give ,iizq'u-inosose-5 (1111, the  phenyl- 
hydrazone of which was cat a1ytii:ally reduced til fiirniqh nwi-inosamine- 
2 (VI) .  

117) The  tendenq VI' this reagent to produce mixtures consistine 
mainly of t h e  epimer wherein thr nervlv-formed suhstituent is equa- 
torial is  well known.'?"j,'S 

(17a) NOTE ADDED IN PROOF.-A recent paper b y  AI, Kakajima and 
his associates [Bar., 96, 141 (1082)l also described the  preparation of 
myo-inosamine-5, Our syntheses of this inosamine are identical with 
theirs. 

(18) H. Straube-Rieke, H. A. Lardy and I,. -4nderson. J .  Am. C h e w .  
Soc., 76, 694 (1953). 

(19) Although the  distance between 1,2-cis(e,p)-substituents is the  
same as tha t  between 1.2-ti.aris(t .o  o n  -substituents, no example is 
known wherein an  inosamine with a 1 .rl-aminohydro*y system re- 
acts with Carbobenzyloxy chluride t o  yield a cyclic carbamate. 'rhis 
difference in reactivity may be explained readily by the  resistance in a 
!rans\a,e)-system to the  compression of axial groups tha t  would be yrr- 
requisite to t h e  fusion of a live-membered ring with t h e  cyclohexane 
ring. This explauation we& first advanced by Angyall?" t o  account 
for t h e  observation t h a t  e,e-glycol systems do not form isopropylidene 
derivatives with acetone. 

(20) This oxide was obtained from n-1,2-anhydro-3,4;5,6-di-O~ 
isopropylidene-allo-inositol using t h e  procedure described by Angyal 
and Gilham [J. Chem. Soc ,3691 (1957) 1 for this conversion in the  enan- 
tiomorphic series. 

(21) (a) L. Anderson, Abstracts of the  130th Meeting of the  Ameri- 
can Chemical Society, Atlantic City,  S. J., September, 1956, 11. 27-1); 
1 1 1 1  C K .  A l l t w ,  Jr  , J d i i i  ( h r i i r  4ur , 79, 1167 fl!)57) 

of inosamine A into its N-carbobenzyloxy deriva- 
tive. The latter was identical by the usual 
criteria with the N-carbobenzyloxyinosamine pre- 
pared from myo-inosose-5 (see above). Since the 
only possible common structure for an inosamine 
derived from the inosose 111 and the oxide IX is 
myo-inosamine-5 (XI), the assignment of this 
configuration to inosamine A receives unequivocal 
support. By elimination, inosamine B must then 
be D-allo-inosamine-1 (X),  a conclusion supported 
by the optical activity of its derivatives. hlore- 
over, the inosamine prepared by catalytic reduction 
of myo-inosose-5 phenylhydrazone (11) must in- 
deed be neo-inosamine-2 (VI). This inosamine 
and the C6H13S05 fragment which had been iso- 
lated from hygromycin were identical according 
to the usual criteria, as were their hexaacetate and 
N-benzylidene derivatives. 

It may be noted that  the relative proportion of 
myo-inosamine-5 (XI) and u-allo-inosamine-1 (X) 
obtained on ammonolysis of oxide IX is that  which 
would be predicted by conformational considera- 
tions. l'a Moreover, the synthesis of myo-inos- 
amine-3 (XI) and neo-inosamine-2 (VI ) completes 
the synthesis of all possible position-isomers of the 
inosamines having the myo-2z and neo-configura- 
tions. 2 3  

51ercaptanolysis6ti or ion-exchange resin-cata- 
lyzed hydrolysis3 of hygromycin had given a (216- 

H21NOs product. In  view of its spectral properties 
and its hydrolysis to neo-inosamine-2 (VI) and 3,4- 
ctihydroxy-0-methylcinnamic acid, it was postu- 
lated that this product was the amide XITI.3s6'7 
Confirmation of structure XVI as that of the C16- 
degradation fragment was furnished by an un- 
equivocal synthesis of XVI. Several attempts to 
effect I\;-acylation of model inosamines by certain 
cinnamoyl halides by the Schotten-Bauman and 
other procedures were unsuccessful. From these 
experiments only starting material could be iso- 
lated. The synthesis of XVI finally was achieved 
zliu the acylation of penta-0-acety-neo-inosamine- 
2 hydrochloride (XIV). which was obtained in the 
following tnanner. Acetvlatioii":' of N-benzylidene- 
iicrr-itiosamirie-" (XI11 gave i ts  perita-0-acetyl 
deri\.ati\-r XI I I which was preiere.ntially hy- 
drolyzed to Penta-0-acetyl-neo-inosamine-e hy-  
drochloride (XIV i using hydrochloric acid in tetra- 
hydrofuran. In the latter reaction the choice of 
solvent proved to be a critical factor. Thus, use of 
dioxane as a reaction medium gave only the hy- 
drochloride of neo-inosamine-2, presumably because 
of the solubility of XIV in this medium. However, 
with tetrahydrofuran as the reaction medium, XIV 
could he isolated iri 73% yield, for it separated 

The iynthesis of u~-inyu-i~ii,saniine $ , ' a  L-iny-ini , .aminr  1 - ' &  

('23) I .  Xeo-inosamine-1 has heen prepared previously." 
(24) (a) H. E. Carter, R. K. Clark, Jr , ,  B. Lytle and G. E.  AlcCah 

land, J .  Biol. Chem. ,  176, 683 (1948); (b) see refs. 15, and 15c. 
(25) T h e  choice of 0-acetyl blocking groups was made as the  result 

of a conversation with Dr. J. B. Patrick He and his co-workers at-  
tempted a partial synthesis of amide XVI  using essentially the same 
method described herein: their procedure differed only in tha t  they 
chose 0-benzoyl blocking groups. rllthough the  sequence proceeded 
smoothly to t h e  0-benzoyl analog of X V  (R = Bz, R1 = CsHsCO), i t  
was found that de-0-acylation of this blocked amide was accompanied 
by acyl migration and expulsion of the original X-acyl groiii), givinx 2 -  
i ienznmidv-  ?-rleoxy-nec inositol 11s thr stile prodiict. 

:md my0 inosamine 2L4 has heen described hy other worker.. 
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OR 
@=CHC'H~ 

RO C=O , I 
XH OR OR 

XII,  R = H 

J X1l,R=Ac 
OAc 

,,----(~\~H~.HcI / 

AcO OJ 
OAc x IV 

from solution as it was formed. The blocked amine 
XIV reacted with cu-methyl-3,4-dipropionoxycin- 
namoyl chloride to give the blocked amide XV in 
69% yield. De-0-acylation of the latter with 
triethylamine in methanol furnished the desired 
amide XVI in 7170 yield. This amide proved to 
be identical with the CieHzlNOs degradation prod- 
uct of hygromycin. 
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Experimental26 
myo-Inosose-5 Phenylhydrazone (II).--A mechanically 

stirred solution of 2.855 g. (15.8 mmoles) of n e o - i n o s i t ~ l ~ ~ ~ ~ ~  
in 700 ml. of water was heated to 70°, and treated with a 
mixture obtained by catalytic reduction of 1.86 g. of plati- 
nuin oxide and 35 ml. of water. A vigorous stream of oxy- 
gen was introduced for 30 rnin. while the temperature was 
maintained at  65-70" .28 The mixture was filtered through a 
bed of Celite,2g the filtrate was concentrated to a volume of 
75 ml. and treated with a solution of 3.6 ml. of phenylhydra- 
zine in 5.6 ml. of 50y0 acetic acid. The solution became red; 
cooling and vigorous scratching induced crystallization. 
Filtration gave a solid which was washed with ethanol and 
then ether to give 1.500 g. (33% yield) of pink solid, n1.p. 
195-197' dec. 

The phenylhydrazone was recrystallized from methanol to 
give white crystals, m.p. 201-204" dec.; A:::" 278 mp ( e  
18,200); A::: 3.05, 6.07. 6.25, 6.66 p.  

A n d .  Calcd. for Cl~HlsN:05: C, 53.72; H, 6.01; N, 
10.44. Found: C, 53.68; H, 6.21; N, 10.53. 

(26) All melting points were determined on a Kofler hot-stage and 
are corrected; evaporations were carried out under reduced pressure. 

(27) The neo-inositol was prepared from D-inositol, obtained by the 
demethylation of pinitol, using the procedure applied by Angyal and 
co-workers [ J .  Chem. SOL, 686 (1952); ref. 101 to the conversion of the 
enantiomorphic L-inositol into neo-inositol. 

(28) It is conceivable that a shorter reaction time would have given 
a somewhat greater yield, since reactions conducted under the above 
conditions for 45 and 120 minutes gave the phenylhydrazone in 28 and 
23% yield, respectively. The limited amount of neo-inositol available 
prohibited clarification of this point. 

(29) Celite is Johns-Manville's registered trade-mark for diato- 
maceous silica products. 

A preliminary experiment gave the phenylhydrazone in 
47y0 yield. 

nzyo-Inosose-5 (In).-A mixture of 0.730 g. (2.62 
mmoles) of myo-inosose-5 phenylhydrazone (II), 0.050 g. of 
benzoic acid, 1 ml. of benzaldehyde and 15 ml. of water was 
heated a t  reflux for 1 hr. The cool mixture was extracted 
with ether, and the ether extracts were discarded. The 
aqueous solution was treated with a drop of concentrated 
sulfuric acid solution and evaporated to near dryness. 
Trituration of the residue with 5 ml. of water gave a solid 
which was recrystallized from water to give 0.320 g. (69% 
yield) of white crystals, m.p. 218-220" dec., A::: 284 mp ( e  
86), A::: 3 . 0 0 ~ .  

Anal. Calcd. for C6HioOe: C, 40.45; H, 5.66. Found: 
C, 40.49; H, 5.42. 

In a subsequent experiment, myo-inosose-5 was obtained 
in 76% yield. 

Reduction of myo-Inosose-5 (111). A. With Platinum 
and Hydrogen.-A mixture of 0.050 g. of platinum oxide 
and 25 ml. of water was reduced with hydrogen, treated with 
0.100 g. (0.56 mmole) of the inosose and magnetically stirred 
under hydrogen. A decrease of 12 ml. (S.T.P.) (9570) in the 
volume of hydrogen was noted. The mixture was filtered, 
and the water-white filtrate was evaporated to a volume of 
ca. 5 ml. The concentrate was chilled and filtered to give 
0.089 g. (88% yield) of needles, m.p. 314" when dropped on a 
preheated hot-stage. The infrared spectrum of this material 
was identical with that of a known sample of neo-inositol 

Anal. Calcd. for CeHlaOe: C, 40.00; H, 6.71. Found: 
C, 40.05; H, 6.91. 

When treated with sodium acetate and acetic anhydride, 
this material gave neo-inositol hexaacetate in 62% yield as 
white crystals, m.p. 252-253' (reportedlo 253'). The 
identity of this material was established by mixture melting 
point and infrared spectral comparisons. 

Anal. Calcd. for C18HzrOlz: C, 50.00; H, 5.60. Found: 
C, 50.28; H, 5.83. 

B. With Sodium Amalgam.-A solution of 0.100 g. (0.56 
mmole) of the inosose in 25 ml. of boiling water was cooled 
to 40'. The pH of the solution was adjusted to 5.5 by the 
addition of glacial acetic acid. Sodium amalgam (2  9.) was 
added with stirring, the pH of the mixture was maintained 
at 5.5-6.5 by the addition of glacial acetic acid, and the 
temperature was kept a t  35-15'. After the evolution of gas 
had ceased, additional sodium amalgam (4 g.) was added in 
two equal portions. The aqueous phase was decanted, and 
the mercury was washed with water. The combined aqueous 
solutions were taken to dryness, and the residue was acetyl- 
ated by the sodium acetateacetic anhydride method. The 
product was triturated with 15 ml. of boiling ethanol and 
recrystallized from ethanol to give 0.094 g. (40% yield) of 
myo-inositol hexaacetate as white crystals, m.p. 212-213'. 
Mixture melting point and infrared spectral comparisons 
established the identity of this material. 

Anal. Calcd. for Cl8H24012: C, 50.00; H, 5.60; Found: 
C, 50.34; H, 5.69. 

Neo-inosamine-2 (VI).--A mixture of 0.536 g. (2.00 m- 
moles) of myo-inosose-5 phenylhyrkazone (11) and 0.300 g.  
of platinum oxide in 100 ml. of glacial acetic acid was 
shaken under hydrogen. The drop in pressure ceased after 
10 rnin. The mixture was filtered through Celite,lg and the 
residue washed with acetic acid. The combined acetic acid 
solutions were decolorized and evaporated to give an amber 
sirup which on trituration with ethanol gave white crystals. 
The mixture was filtered, and the tacky solid was instantly 
dissolved in 25 ml. of water and stirred with 10 g. of Amber- 
lite IRA-400 (OH)" for 30 min. The mixture was filtered, 
and the filtrate was taken to a volume of 5 ml. On cooling 
the concentrate, white crystals separated. This material 
was recrystallized from water-acetone to give 0.190 g. (56% 
yield) of white crystals, m.p. 239-241" dec. A mixture of 
this material with the inosamine isolated from hydromycin 
melted a t  238-240' dec. Moreover, the infrared spectra of 
the synthetic and natural inosamines were identical. 

Anal. Calcd. for C6HuNOa: C, 40.22; H, 7.31; N, 
7.82. Found: C,40.41; H, 7.73; N, 7.84. 

(I). 

(30) A synthetic anion exchange resin of the modiGed amine type 
produced by Kohm and Haas Co. 
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Acetylation of synthetic neo-inosamine-2 by the sodium 
acetate-acetic anhydride method gave a hexaacetate as 
white crystals, m.p. 277-278O after recrystallization from 
ethanol. A mixture with neo-inosamine-2 hexaacetate from 
the natural inosamine melted a t  277-278'. Additionally, 
the infrared spectra of the two samples were identical. 

Anal. Calcd. for C1qH2;NOll: C, 50.11; H, 5.84; N, 
3.25. Found: C, 50.35; H, 6.02; N, 3.30. 

N-Benzylidene-neo-inosamine-2 (XII) .-A mixture of 
0.800 g. (0.335 mmole) of synthetic neo-inosamine-2, 0.5 
ml. of benzaldehyde and 25 ml. of ethanol was heated a t  re- 
flux temperature for 8 hr. All solid dissolved within this 
time. The hot solution was filtered, and the filtrate was 
evaporated to a volume of about 10 ml. Chilling of the con- 
centrate gave 0.070 g. (78% yield) of crystals, m.p. 209- 
211' dec. after a crystalline change to needles at 94"; com- 
parison with a sample from natural neo-inosamine-2 by mix- 
ture melting point and infrared spectra showed the identity 
of the two samples. 

Anal. Calcd. for CI~HI,NO~: C, 58.41; H, 6.41; X, 
5.24. Found: C, 58.77; H,6.49; N, 5.12. 

In two other experiments, utilizing the inosamine isolated 
from hygromycin, an average yield of 927, was obtained. 

5-Carbobenzyloxyamino-5-deoxy-myo-inositol (VIII). A. 
From myo-Inosose-5 (III).-A solution of 0.424 g. (6.1 
mmoles) of hydroxyamine hydrochloride in 10.8 ml. of 1 N 
sodium hydroxide solution was treated with 0.737 g. (4.15 
mmoles) of myo-inosose-5 (111); the mixture was allowed to 
stand at  room temperature for 2 hr. during which time all of 
the solid dissolved. The pH of the resulting solution was 
adjusted to 5.5 by the addition of glacial acetic acid. The 
temperature of the reaction solution was kept a t  25-30', and 
there was added in five equal portions 20 g. of sodium amal- 
gam. The pH of the reaction mixture was maintained a t  
5.5-6.5 by the addition of glacial acetic acid. The aqueous 
solution was decanted from the mercury which was washed 
with watrr. The combined aqueous solutions were filtered 
through Celite,29 and the filtrate was taken to near dryness. 
The moist residue was dried under reduced pressure over 
phosphoric anhydride. 

The residue was acetrlated by the sodium acetate-acetic 
anhydride method to give 0.425 g. of epimeric inosamine 
hexaacetates. 

This mixtuie was heated on the steam-bath with 10 ml. of 
6 A' hydrochloric acid solution for 2 hr. The resulting solu- 
tion was decolorized and taken to dryness. Ethanol was 
added and removed in the usual manner to give a glass 
which was dissolved in 5 ml. of 1 N sodium hydroxide solu- 
tion. This solution was chilled and treated with 1.0 ml. of a 
solution of carbobenzyloxy chloride in toluene (5.2 mmoles of 
acyl halide/ml.). The mixture was magnetically stirred for 
90 min. and then allowed t o  stand a t  room temperature for 5 
days. At the end of this period most of the toluene had evap- 
orated and solid had separated. The mixture was tritur- 
ated with ether and filtered to give 0.112 g. (9% yield) of VI11 
as buff-colored crystals, m.p. 228-230" dec. This material 
was recrystallized from %ater to give white crystals, m.p. 
238-240" dec.; A::: 3.00, 5.95, 6.43, 7.97, 9.52 and 14.37 
M .  

Anal. Calcd. for ClrHl&0,.*/2H20: C, 52.16; H,  6.26; 
N, 4.35. Found: C, 52.00; H, 6.50; N, 4.29. 

The two-phase filtrate from the separation of this material 
was separated, and the aqueous solution was stirred with 10 
g. of Aniberliw IR-120 (H)3' and 50 m1. of water. The mix- 
ture was filtered, and the fi!trate was taken to dryness. 
Crystallization of the residue from dilute alcohol gave 60 
mg. (77,  yield) of ~~-~~,~~-carbony~-neo-i1iosamine-2(VII) as 
nhite crystals, n1.p. 207-209' dec. (reported2 203-205"). 

From myo-Inosamine-5 (XI).-A mixture of 21 mg. 
(0.12 mniole) of myo-inosamine-5 (XI )  (prepared from D- 
1,2-anhydro-neo-inositol as described below), 1 ml. of 1 N 
sodium hydroxide solution and 0.5 ml. of a solution of carbo- 
benzyloxy chloride in toluene (0.52 mmole of reagent/ml.) 
was stirred a t  room temperature for 1 hr. and allowed to 
stand at room temperature for 4 days. The solid which had 
separated was collected by filtration to give 17 mg. (45%) 
yield) of white crystals, m.p. 238-240' dec. alone or when in 
mixture with the material obtained in method A. Further- 
more, the infrared spectra of the two samples were identical. 

E. 

(31) A synthetic cation exchange resin of the  nuclear sulfonic acid 
type produced by Rohm and Haas Co. 

Reaction of D-1 ,2-Anhydro-neo-hositol (IX) with Am- 
monia.-A mixture of 0.500 g. (3.0 mmoles) of ~-1,2-an- 
hydro-neo-inositol (IX)*O and 50 ml. of methanol saturated 
with ammonia at 10' was heated in a stainless steel bomb on 
the steam-bath for 20 hr. The contents of the bomb was 
filtered through a bed of CeliteaQ; the bomb was rinsed with 
two 50-ml. portions of methanol and these rinsings were 
filtered in the same manner. The combined filtrate and 
washings were taken to dryness, and the residue was dis- 
solved in 7 ml. of water. This solution was diluted with 7 
ml. of acetone and placed on a column prepared from powd- 
ered celluloseaz (column size 2.8 X 35 cm.). The column was 
eluted with acetone-water (4: l), and 197 10-ml. fractions 
were collected. The material contained in fractions 51-80 
was combined, and the solvent was removed to give 0.379 g. 
(70y0 yield) of a white glass; paper chromatography in 
acetone-water (4: 1) showed a single spot with Rf 0.44. This 
material had [ c ~ ] ~ ~ D  +22.7' (c 1.59, water) and consequently 
was considered to be D-allo-insoamhe-1 (X). 

Fractions 9Erll5 were taken to dryness, and the solid 
residue showed two spots with Rf 0.32 and 0.45 upon paper 
chromatography in acetone-water (4 : 1). Nevertheless two 
recrystallizations of this residue from water-acetone gave 57 
mg. (10% yield) of myo-inosamine-5 (XI) as white crystals 
which slowly decomposed and sublimed from 235" but failed 
to melt below 300'. Paper chromatography of this material 
in acetone-water (4:  1) showed a single spot with Rr 0.32, 
and the material had [ C Y ] ~ ~ D  0' (cO.21,5014ammonium molyb- 
date in water).33 

Anal. Calcd. for CBHI~NO~:  C, 40.22; H, 7.31; N, 
7.82. Found: C,40.03; H, 7.20; N, 7.95. 

D-Allo-inosamine-1 Hexaacetate.-Acetylation of 0.200 g. 
( 1.1 mmoles) of D-allo-inosamine-1 by the sodium acetate- 
acetic anhydride method gave after two recrystallizations 
from water 0.400 g. (83"' yield) of white crystals, imp. 233- 
235", [ L Y ] ~ ~ D  - $2' (c 0.53, chloroform); A% 5.70, 6.08, 
6.39,8.15 (broad) and 9 . 3 0 ~ .  

Anal. Calcd. for ClsH2&Oll: C, 50.11; H,  5.84; N, 
3.25. Found: C, 50.26; H, 5.89; N, 3.27. 

D-1-Acetamido-1-deoxy-allo-inositol.--A solution of 0.100 
g. (0.23 mmole) of D-allo-inosamine-1 hexaacetate and 5 
ml. of methanol saturated with ammonia a t  10' was allowed 
to stand a t  room temperature for 7 days a t  which time all 
solvent had evaporated. The amorphous residue was dis- 
solved in 3 ml. of ethanol and crystallization induced by 
scratching to afford 38 mg. (75yG yield) of white crystals, 
m.p. 209-211" dec., [ ( Y ] ~ ~ D  + 40.8" ( c  1.2, water); A::: 2.88, 
2.96, 3.05, 6.08, 6.44, 8.00, 9.25 p (broad). 

Anal. Calcd. for C&&OB: C, 43.44; H, 6.84. Found: 
C, 43.21; H, 6.40. 
Penta-U-acetyl-N-benzylidene-neo-inosamine-2 (XIII).- 

Acetylation of 0.500 g. (1.87 mmoles) of N-benzylidene-neo- 
inosamine-2 (XII )  by the pyridine-acetic anhydride method 
gave 0.518 g. (58% yield) of white crystals, m.p. 213-215". 
Two recrystallizations from ethanol gave flat white needles, 
m.p. 217-219", A:.": 5.71 and 6 . 0 5 ~ .  

A n d .  Calcd. for C~~HWNOIO:  C, 57.86; H, 5.70; N, 
2.93. Found: C, 57.61; H,6.09; N,3.10. 

In a second experiment a 79% yield of the material was 
obtained. 

Penta-U-acetyl-neo-inosamine-2 Hydrochloride (XIV).- 
A solution of 0.250 g. (0.525 mmole) of penta-0-acetyl-N- 
benzylidene-neo-inosaniine-2 (XIII)  in 10 ml. of tetrahydro- 
furan was treated with 0.5 ml. of 6 N hydrochloric acid 
solution. After the solution remained a t  room temperature 
during 3 min., crystals began separating. After 1 hr. an 
additional 10 ml. of tetrahydrofuran was added, and an hour 
later the solid was collected by filtration to give 0.123 g. 
(557G yield) of white crystals, m.p. 185-187', A::: 2.92 and 
5.68 p. 

Anal. Calcd. for Cl~Hz3NO~o*HC1: C, 45.13; H, 5.68; 
N, 3.29. Found: C, 45.39; H ,  6.04; N, 3.40. 

In a second experiment a 737G yield of this material was 
obtained. 

1,3,4,5,6-Penta-O-acety1-2-deoxy-2-( ~i-methyl-3,4-dipro- 
pionoxycinnamido)-neo-inositol (XV).-A solution of 0.306 

(32) The powdered cellulose was Whatman standard grade aud was 
used as received. 

(33) W. W. Pigman and R. M. Goepp, Jr., "Chemistry of the  
Carbohydrates," Academic Press, Inc., New York, N. Y., 1948, p. 248. 
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g. (1 .O mmole) of oc-methyl-3,4-dipropionoxycinnamic acid 
in 15 ml. of thionyl chloride was allowed to  reflux on the 
steam-bath for 2 hr. The excess thionyl chbride was re- 
moved by evaporation, and 5 ml. of benzene was added. 
The benzene was removed by evaporation. The benzene 
addition and removal was twice repeated. The resulting 
acid chloride was dissolved in 10 ml. of chloroform. 
A solution of 0.426 g. (1.0 mmole) of penta-0-acetyl-neo- 

inosamine-2 hydrochloride (XIV) and 0.202 g. (2.0 mmoles, 
0.28 ml.) of triethylamine in20 ml. of chloroform was magnet- 
ically stirred with the acid chloride solution for 2 hr. The 
chloroform solution was washed with water, dried over mag- 
nesium sulfate, and evaporated to give a gum which was 
dissolved in 15 ml. of ethanol. The ethanol solution was 
concentrated a t  atmospheric pressure to 5-ml. volume and 
diluted with 5 ml. of water. This precipitated a gum which 
crystallized on scratching to give 0.517 g. (765% yield) of 
cream-colored crystals, m.p. 157-160' after two recrystal- 
lizations from dilute alcohol. The material had A:$'" 209 
(e 20,600) and 260 m p  (e 18,700); A:,": 209 (e 21,100) and 
260 m p  (e 19,300); A:::H 252 (e 12,900) and 316 m p  (e 7,130); 
A::; 2.96, 5.69, 5.98,6.10,6.56(shoulder), 6.63, and 8.13 p .  

i lnal.  Calcd. for C32H3&015: C, Ti6.71; H, 5.80; Tu', 
2.07. Found: C, 56.83; H, 5.60; X,2.16. 

In  a second experiment this product was obtained in 69% 
yield. 

2-Deoxy-2-(3,4-dihydroxy-~-methylcinnamido)-neo-inosi- 
to1 (XVI).-A solution of 0.465 g. (0.69 mmole) of 1,3,4,5,6- 
penta-0-acetyl-2-deoxy- 2 - (CY - methyl - 3,4 -propionoxycinna- 
mido)-neo-inositol (XV) and 0.146 g. (1.45 mmoles, 0.20 
ml.) of triethylamine in 25 ml. of anhydrous methanol was 
allowed to  reflux for 2 hr. The solution was acidified with 
glacial acetic acid and evaporated. The amber residual 
sirup was treated u-ith 1.5 ml. of glacial acetic acid and al- 
lowed to stand a t  room temperature for 10 min. during 
which time crystnls separated The mixture was diluted with 

5 ml. of acetone and filtered to give 0.175 g. (71% yield) 
of white crystals, m.p. 248-252' dec. This material was 
recrystallized from water to give buff-colored crystals, m.p. 
258-259' dec. 9 mixture of this material with the ClaH21- 
NO8 degradation product (m.p. 253-258" dec.) of the anti- 
biotic hygromycin melted a t  253-259' dec. Furthermore, 
the infrared spectra of the two samples were identical, and 
the ultraviolet spectra of the degradation product and 
the synthetic material were essentially the same. 

Anal. Calcd. for C16H2lP\TOs: C, 54.08; €1, 5.96; N, 
3.94. Found: C, 53.71; H,6.01; N,4.06. 

Paper Chromatography.-Circular paper chromatograms 
were run in the apparatus described by K a ~ v e r a u . ~ ~  The 
apparatus (26-cm. diameter) was purchased from the Shan- 
don Scientific Co., London, Eng., and modified in the man- 
ner described by Kissman and Weiss.35 The paper used was 
a special Whatman #l filter paper (KCT-26) which had been 
slotted for the Kawerau apparatus. Solvents were mixed 
just before use, and the paper was not equilibrated with the 
solvent mixture. The inosaniine derivatives were detected 
with the silver nitrate-sodium hydroxide reagent described 
by Trevelyan, et ul.,a6 as modified by Bnet and Reyn0lds,3~ 
and the chromatograms were fixed by spraying with thio- 
sulfate . 

_ _  
(34) E. Kawerau, C l z ~ o ~ n a l o g r a p h i c  J l e l h o d i ,  1, S o .  2 ,  7 (1936) 

[published by H. Reeve Angel and Co.,  52 Duane Street ,  S e n  York 7 ,  

(35) H. M. Kissman and M. J. Weiss, J ,  A m  Chum. S o r . ,  80, 5559 

(36) \V. E. Trevelyan, D. P. Proctor and J. S. Harr i sm.  S a t t i r e ,  

(37) E. F. L. J. h n e t  and T. hl .  Reynolds, a b & . .  174, 9: jO [ I !J54>.  
(38) S .  J. Angjal. 13. J. 3IcHui.h and P 'r, Gilham. .I C'A, m .  .Sw , 

x. Y . ] .  

(1058). 

166, 444 (1950). 
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Stereochemistry and the Mechanism of Hydrogenation of Cyclo-a1kenes.l IV. 4- 
f erf-Butyl-1-methylcyclohexene and 4-ter f-Butyl-l-methylenecyclohexane on Platinum 

Oxide and a Palladium Catalyst2 
R I' SAMUEL S I E G E L  AND BASIL DMUCHOVSKT~ 

RECEIVED OCTOBER 25, 1961 

Tlie ratiu of the saturated stereoisomers obtained upon the hydrogeriatiun o f  4-te.i.t-but)-l-l-tneth~-lc~clol~exe11e (1) and 
4-iert-butyl-1 -methylenecyclohexane (11) on reduced PtO? is ii function of the pressure of hydrogen. The teut-butyl group 
magnifies the steric effects over those previously observed. -1 simple mathematical analysis of the previousll- proposed 
rriechanistic scheme is shown to  be consistent with the stereochemical information. The characteristics of the reaciion in 
the presence of a palladium catalyst are also accounted for with the assumption that the rate-limiting surface reaction occurs 
a t  a later stage than that which pertains on platinum. 

Previous stereochemical studies of the hydrogena- 
tion of 1,%-dimetliylcyclohexene and several of its 
isomers on platinum' and palladium' catalysts had 
suggested that the distribution of the saturated 
stereoisomers, as well as the isomeric cycloalkenes 
formed concurrently, inay ser\Te to identify the 
product and/or rate-controlling surface reaction and 
also to define the geometry of the pertinent transi- 
tion states. Arguments based upon conformational 
theory were employed and the treatment of mech- 
anism was qualitative. In the present work, 4-tert- 
butyl - 1 - methylcyclohexene and 4 - tert - butyl - 1- 

(1)  For the  previous paper in this series, see S. Siege1 and  G. V. 
Smith, J. A m .  Chem. Soc., 88 ,  6087 (1060). 

(2) The support by a grant (NSF-G-9920) from t h e  National Science 
Foundation is gratefully acknowledged. A grant from the  Monsanto 
Chemical Co. provided a fellowship (B. I).) and  additional valued as- 
sistance. 

(5)  Taken in part  from the M.S. thesis uf H.  l ) . ,  January l!?tiO. 
I I ,  S .  Sear1 :tiid C, 1. Smith .  .7, d w  C / w m  .Tor. ,  82, 6082 (10ti01. 

methylenecyclohexane have been hydrogenated in 
the liquid phase (acetic acid solvent) and in contact 
with reduced PtO?. The bulk of the tevt-butyl 
group restricts the conformations of the six-inem- 
bered cycle to which it is attached t o  those in  which 
this group is equatorial or quasi equatorial5; co~i- 
seyuently, conformational effects and aiialysis are 
simplified, and the resulting stereochemistry is 
more readily- identified with a simple, mathematical 
treatment of the proposed mechanistic scheme. 

Experimental 
Preparation of 4-tert-Butyl-1-methylenecyclohexane.- 

4-tert-Butyl-1-methylenecyclohexane was prepared by the 
pyrolysis of the unsaturated acid obtained uia the Kefor- 
matsky reaction of 4-tert-butylcyclohexanone and ethyl bro- 
moacetate.Gs7 The crude olefin, b.p. 185-187' (730 n1rn.i 

(.?) S. Winstein and N. S .  Holness, i b i d . ,  77, 5562 (1955). 
:!I) J, A'. Raker and J. B. Holdsworth, J .  Chetn. Sor., 728 (19451 
(7) H Cr,r,s ~ t i d  0. H. Whitham, i h i d  , :38!12 ( 1 R A O I .  


