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previously described. Butyl- and amylacetylene were 
obtained in the usual manner.* 

Reaction of Chloromethyl Acetate with Sodium Butyl- 
acety1ide.-Twelve grams of sodium (0.5 mole) was con- 
verted to the amide in 800 cc. of liquid ammoniaQ con- 
tained in a 2-liter three-necked 5ask provided with con- 
denser, mercury-sealed stirrer and dropping funnel. 
Butylacetylene, 41 g. (0.5 mole), was added dropwise and 
the ammonia allowed to evaporate through the (dry) con- 
denser and a soda-lime tower. When nearly dry, 500 cc. of 
anhydrous benzene was added. Dry nitrogen was passed 
through the flask with vigorous stirring and refluxing for 
about six hours. After cooling, 54 g. (0.5 mole) of chloro- 
methyl acetate, diluted with an equal volume of dry ben- 
zene, was added dropwise. The mixture was then re- 
fluxed with stirring for one and one-half hours, cooled and 
poured into ice-water. The organic layer was washed 
until neutral to litmus, dried over magnesium sulfate and 
fractionally distilled. The ester was put through a Whit- 
more-Fenske column and then redistilled through a modi- 
fied Podbielniak column, both under vacuum. The yield 
was 12.7 g. or 16%. When repeated with bromomethyl 
acetate in ether the yield dropped to 9.7'3,. 

Saponihation equivalent calculated for butylpropargyl 
acetate, CH&OOC?Hl,, 154; obs., 155.9. 

Reaction of sym-Dichloromethyl Ether with Hergnyl- 
magnesium Bromide.-One mole of magnesium tuinings 
was converted to the Grignard reagent with ethyl bromide 
in the usual manner. Eighty-two grams of butylacetylene 
diluted with a n  equal volume of dry ether was added 

(8) Vaughn, Hennion. Vogt and Nieuwland. J .  Org. Chcm., 2, 1 

(9) Vaughn, Vogt and Nieuwland. THIS JOURNAL, 66, 2120 
(1937). 

(1934). 

slowly and the mixture refluxed until the evolution of 
ethane ceased. About 0.1 g. of cuprous chloride was intro- 
duced1° and 57 g. (0.5 mole) of sym-dichloromethyl ether 
(diluted with ether) added slowly. After heating for one- 
half hour and standing overnight, the product was hydro- 
lyzed with ice and acetic acid. The dibutylpropargyl 
ether was purified as described above. The yield was 22.3 
g. or 21%. 

Reaction of Methylene Sulfate with Hexynylmagnesium 
Bromide.-Approximately 0.5 mole of butylacetylene 
Grignard reagent was prepared as noted above. About 
0.1 g. of cuprous chloride was added to the mixture and 55 
g. (0.5 mole) of methylene sulfate extracted into it. This 
was achieved by placing the solid sulfate in a Soxhlet type 
extractor and refluxing the solvent ether through it. Com- 
plete extraction took about fifty-six hours and a t  the end 
of this time the mixture was decomposed with ice and 
hydrochloric acid. The layers were separated, the aqueous 
layer extracted with ether and the extracts combined with 
the organic layer. This was washed, dried and the ether 
distilled off. The small amount of residue was fraction- 
ated twice through a 50 cc. Claisen flask with small 
Vigreux column. The yield was 5.9 g. or 13% of 5,s- 
tridecadiyne. 

Summary 
Sodium alkylacetylides and the corresponding 

Grignard reagents have been treated with a num- 
ber of formaldehyde derivatives to yield various 
alkylpropargyl compounds. Nine products are 
described. 

NOTRE DAME, INDIANA 
(10) Danehy, Killian and Nieuwland, ibid. ,  58, 611 (1936). 
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The Alkaline Degradation of Phenyl-p-lactoside, Phenyl-8-cellobioside and Phenyl- 
D-gluco-p-D-gulo-heptoside 

BY EDNA M. MONTGOMERY, NELSON K. RICHTMYER AND C. S. HUDSON 

In an earlier paper1 i t  was shown that phenyl-& 
D-glucoside and phenyl-8-D-galactoside are de- 
graded readily by the action of hot, aqueous po- 
tassium hydroxide to D-glucosan < 1,5> j3 C 1,6> 
and D-galactosan < 1,5> /3 < 1,6>, respectively, 
whereas the corresponding anomeric phenyl- a- 
hexosides are attacked only very slowly, if a t  all, 
under considerably more drastic conditions. It 
was suggested that the diffeiences in reactivity 
might be used as a basis for determining the con- 
figuration of the glycosidic carbon atom in these 
compounds, and in the other anomeric glycosides 
and sugars with which they may be correlated. 

(1) Montgoniery, Richtmyer and Hudsod, THIS J O U R N A L ,  66, 3 
(18.13). 

Karrer and Smirnoff2 found that acetobromo-a- 
D-glUCOSe will add trimethylamine, and that the 
resulting tetraacetyl-D-glucosido-trimethylam- 
monium bromide is cleaved readily by hot alkali 
to form D-glucosan < 1,5> p< 1,6> ; the other 
products are trimethylamine, acetic acid and hy- 
drobromic acid. If the quaternary ammonium hal- 
ide has the @-configuration, as Michee13 has sug- 
gested on the basis of its low rotation, the forma- 
tion of levoglucosan in the two types of degrada- 
tion may proceed through similar 

(2) Karrer and Smirnoff, Ilcil ' .  ( 'h iw .  Arlu.  4, 817 (1Y%l). 
(3) Micheel, Bcr., 62, 688 (1!12I,b), hliclirel and Ivlicheel, i b i d . .  63, 

(4) See Micheel and Uichrel,  i b i d . ,  63, %ti2 (1930); 68, 258 
386 (1930). 

(1932), for additional infortnation iu regard to possible mechanisms. 
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In  extending our studies to the disaccharide 
derivatives, we heated phenyl-P-lactoside with 
aqueous potassium hydroxide and obtained from 
the acetylated reaction products an 81% yield 
of the same hexaacetyllactosan < 1,5> p< 1,6> 
which Karrer and Harloff5 had isolated from the 
reaction of alkali with heptaacetyllactosidotri- 
inethylammonium iodide, followed by acetylatioii. 
l lore  fortunate than those authors, we succeedetl 
i n  crystallizing the lactosan, or $-/?-D-galactosido- 
D-glucosan < I ,.j> p < 1 ,fi>, as a iroiio1iytlr:~te i i i  

large prisii- s which 11ad [ C Y ]  % - 50.6' iii water, 
cqui\xlcnt to -.-):{.-io for the aiihytlrous substance, 
;IS con pirctl with the \.due I CY] I'D - 44.fj5' for 
the crude, an orphous product of Karrer and Har- 
loff. 1Jpoii acetolysis, our lactosan was converted 
i n  Si(,!; yicld to octaacctyl-a-lactosc, the l,(i-aw 
hydride ring opening without rupture 01 the disac- 
charide unioii. 

Plicnyl-~-cellobiositic was iiext prepared, md,  
by treatinen t with :il!idi and subsequent acetyla- 
tioii, converted in 657; yield to the same hexa- 
~icetylcello1,ios~iii~ which had been tlescribed by 
Karrer a i i t l  Harloff .: The t1e:tcetylatioii l)rotluct, 
cellobiosan, or - ~ - ~ - D - ~ l U c O s i t l ( i - D - ~ ~ U c O S : i i ~  < 1 ,.i 
> $ < 1 ,(i>, was ( J b ~ a ~ l i u l  i n  the forni of u hygro- 
scopic, apparently niicrocrystulliiie powder of 
[ a ]  ""D - i5.O" in water. 'l'lie cmide, amorphous 
product of Karrer ant1 Hurloft' MXS reported to 
have [ a ]  ' b ~  - 7 2 . ! I i a  in water. 

Ais a i  example of the alkalilie tlegr:id:itioil of a 
ptienyl-/?-heptoside, we huyc studied the action of 
hot, aqueous potassiuin hydroxide upoii  phenyl-D- 
gluco-@-u-gulo-hc~~tosi~le 1 I).: I'heilol was elimi- 
nated readily, ant1 the rotation of the solution 
changed from negative to positive. The carbo- 
hydrate moiety was isolated :is a colorless, lion- 
reducing sirup which readily formed a crystalliiie 
benzoate ail(\ a crystalliiie p-iiitrol)exizoatt, each 
of which had the composition of a tetrLi-substituted 
heptosan. Upon tlcbeiizoylatiori of these deriva- 
tives, the heptosaii itself w;is obtaiiietl i l l  pris- 
matic crystds which ir,eltcti a t  !)>' and had a 
specific rotation 1.1 9) +>?.g' i i i  water. .\cetoly- 

I - > )  I inrrer  :rnd IfarIolT, I l e i ~ .  (Aiiii, . 
I ( ; )  ' 1 ' 1 ~ ~  cpinieriL I~c\it.ii.ct y lb l  ~ i - i ~ - ~ l i ~ ~ ~ , ~ i ~ i o - ~ - n i n i i ~ i ~ ~ ~ i i < l , ~ >  

j j < l , t i > ,  ,i. i b c l i  :I+ l ~ v ~ . ~ : ~ c c ~ y l  I - j i - 1 ,  Kd.fictc#,.i<lo 1 8  niaiiiios:tn<l,5> 
,i<l . t i > .  which i h  tlir c~l~iiiivr III.Y:L,ICCI i l l , ~ v ~ < > ~ : ~ n ,  I i a ~ e  bren (le- 
>cril)ed I ly  Haskiiis, l f i i i i i i  : (11<1 1111,1v,ii. I 1'15 j I D I ' K N A I . ,  63, 172,; 
(1#,!41), 64, 1854 l l ! l 4 2 j .  'Ihc ~ I ~ a ~ ~ ~ y l , ~ ~ . ~ ~ i i  p r d i i c t \  I1.1re no( 
yet brrn obtained i i i  ury\t.illine i c r t i i  11)ris a i j .  ci)iiiniiiiiil.B[ii)ii). 

(i) Originully r l i l i ~ i r d  p h v t ~ \ l  ,i 1 3  <, ~ l ~ ~ ~ ~ l i ~ i ~ l ~ , ~ , i ~ l ~ ,  Vctr Llir 

iioinenclalure nf the hrpt rw\  ..I.I' Iliitl.<iii. ' I ' I I I ~  I I ) I 'KNAI . .  60, l X 7  
f l V 3 8 ) .  'I'hib coml,ouncl is I L ~ ~ U  dc \ ig r i , t t <  1 1  ~ ~ I i ~ ~ n I - u  gl i lcu-/ i -w 
y,llo-heptoaidr L o  indivnlr th : i l  111( ,  <oiiIi,:!~r,tlioii <sr I h c  lii:t live c i i r  
lion at<i tns  is that a D - ~ - ~ ~ ~ i o ~ i i I ~ .  

sis converted the heptosan into a mixture of the 
knowii cy- : m i  ,8-hexaacetates of the parent D- 

Although the degradation of phenyl-@-hexosides 
by alkali had resulted previously in the isolation of 
1 ,li-aiihydrides only, an inspection of formula (I) ,  
i i r i d  csl)ecixlly of a molecular model of which (I) 
is a projection formula, shows that  other an- 
hytlrides seem possible from phenyl-D-gluco-/?-D- 
gulo-heptoside. The reaction of the heptosan 
with sodium metaperiodate consunied two equi- 
\.dents of oxidaiit and liberated one equivalent of 
formic x i d .  The prcseiice of three contiguous 
carbinol groups is thus proved. From its method 
of preparation from the stable acetobromoheptose, 
the I'lienylheptoside, and also the heptosan, may 
be presiimecl to have retairied the pyranoside ring. 
'1 he contiguous liytlrosyl groups therefore must be 
o n  carbon atoms 2, :'I and 4, and only formulas 
i 11) and (111) necd be coiisidered. T o  distin- 
guish betweeii the 1 ,fi-anhydride (11) and the 
I ,7-:iiiliydride ( 1  I I ) ,  we might have oxidized the 
hcptosan with pcriodic acid, followed by bromine 
water a i i t l  stroii tium c:irhonate, a i d  hydrolyzed 
thc esl)ectetl stroiitiuin salt to kriowii fragments 
as w;is (lune with D-glucosan < 1 ,5> /3 < 1 ,li> , 
by Jackson and Hutlsoii.' However, we preferred 
to  attempt to prove the presence or absence of the 
- CH20H group in formula (11) by tosylation, 
followed by treatment with sodium iodide; re- 
placement of a tosyl group by an iodine atom 
would be expected only if formula (11) is correct. 

'l'osylation of the heptosan under normal con- 
ditioiis produced ;I crystalline tritosyl derivative 
instead of the expected tetratosylheptosan. I t  
was possible, however, to acetylate the remaining 
hydroxyl group. The action of sodium iodide 
upon the tritosylacetylheptosan then yielded a di- 
tosylacetylheptosan iodohyclrin ; the formation of 
the iodohydrin is good evidence that a -CH20H 
group existed in the heptosan, which can now be 
represented by formula (11) and desigiiated, by the 
usual coiisiderations, as D-gluco-D-gulo-heptosaii 
<l,.i>,8<1,6>. 

\\'it11 the riiig structures thus established, the 
behavior ( ~ i  tlrc 1iel)tosun upon tosylatiori is ex- 
plaiiiecl rcxlily. I t  is well known ir i  the sugar 
series that x 1)rirrury hytlrosyl group, as on car- 
bun 7 ,  is tosylaletl i i i  ~)refcreiice to a secondary 
hylrosyl groiilJ. ( J f  the  thice srcoildary hydroxyl 
groul)>, tllosc. o i l  carbons 2 iu~cl  :j are above the 

gluco-D-gulo-hep tose. 

IS.  l : i i h i o l i  d i l l 1  ~ ~ u i l w l l .  '1 '1111 j O 1 ' n ' ~ A l  , 61, !la8 fl!)JfJ). 
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plane of the pyranoside ring, whereas the hydroxyl 
group on carbon 4 is below the plane of the pyrano- 
side ring and appears to lic in close proximity to 
carbon 7 which already is substituted by a large 
tosyl group capable of hindering the entrance of 
another tosyl group. Formula (IV) represents 
the ~,:~,'7-tritosyl-D-gluco-D-Rulo-hcptos~~n < 1 ,.5> p 
< I ,6>. The failure o f  the hydroxyl group on 
carbon 4 to be tosylated recalls the inability of 
RIiiller, bl6ricz and Vcrner!' to introduce a tosyl 
g o u p  a t  carbon 4 in their metliyl-9,X-diacetyI-(i- 
trityl-p-D-galactoside, as well as in the anomeric 
a-derivative, but they also were able to acetylate 
successfully. Their free hydroxyl group was like- 
wise below the plane of the ring where its tosyla- 
tion could be hindered sterically by the large, 
neighboring triphenylmethyl residue. On the 
other hsnd, methyl-2,:3-dibenzoyl-(i-trityl-cu-~-glu- 
coside has been tosylated with easel"; the hy- 
droxyl group on carbon 4 in this compound is above 
the plane of the ring and away from the sphere of 
influence of the 6-triphenylmethyl group. 

When the tritosylheptosan (IV) was heated a t  
70° with sodium iodide in acetonylacetone, one p -  
toluenesulfonyl group was eliminated. The re- 
sulting crystalline compound contained no iodine,. 
and had the composition of a ditosylanhydro- 
heptosan. I t  was suspected that the tosyl group 
on carbon i had actually been replaced by an 
iodine atom, and that hydrogen iodide had then 
been eliminated to form an ethylenic linkage be- 
tween carbons ( j  and 7 .  The absence of an 
ethylenic linkage was demonstrated by failure of 
the new compound to add bromine, hydrogen or 
ozone; furthermore, the compound could not be 
acetylated, as would be expected if the hydroxyl 
on carbon 4 were still present. In the 2,X-ditosyl- 
4-acetyl-heptosan-i-iodohydrin (V) the iodine 
atom had remained in the molecule as long as the 
acetyl group was attached to carbon 4;  on de- 
acetylation, however, both the acetyl and iodine 
were eliminated, and the ditosylanhydroheptosan 
crystallized from the cold deacetylating solution. 
The combined evidence makes it extremely prob- 
able that the iodine on carbon 7 has united with 
the hydrogen of the hydroxyl on carbon -1, elimi- 
nating hydrogen iodide and forming a third ring. 
The new C(JnilX)Ulld accordingly is, desigil:ttetl 2 , -  
3-ditosyl-4,i-a~1hydro-r,-gluco-~-g~~ln-hept0~~1~< 1 ,- 
,->> fi < 1 ,(\>. Formula (VI) thus reprcsellts a 

( ! I )  Mlhller, MGricz and Verner. Rev , 11, 74.7 (1439). 
( 1 0 )  Oldham and Koberlsun, J ,  Chem. Soc., 688 (1935). 

pyranoside ring with two five-membered rings 
fused to it, and to each other. The five-membered 
rings are pictured below the pyranoside ring, 
and more or less at right angles to i t  and to each 
othcr. ?'he formation of a 4,7-anhydride ring in 
this heptosc series is analogous to the formation 
of the well-known :I,(j-anhydride of methyl-P-D- 
glucoside by the action of barium hydroxide on 
methyl - 2,:$4 - triacetyl - /3 - D - glucoside - 6 - 
bromohydrin.'l In fact, the configurations of the 
respective four carbon atoms which are con- 
tained in the 3,6- and the 4,T-anhydride rings are 
identical. 

OH OH OH OH 
I I I I 

H/H I--1 H\T 

H' H' 
I I1 

OH OH OTs OTs 

I11 
OTs OTs 

IV 
OTs OTs 

Experimental Part 
4-p-~-Galactopy1anosido-~-glucosan < 1,s > .8 < 1,6 > 

( = Lactoean).-As starting material for this preparation, 
phenyl-heptaacetyl-8-lactoside, of rn. p. 161' and [ ~ ] * O D  

-23.4' in chloroform (c ,  2), was obtained in 52% yield by 
the condensation of acetobrornolactose with phenol by 
iiieans of potassium hydroxide in aqueous acetone, accord- 
ing to the directions of Helferich and Griebel.la Upon de- 
acetylation, it yielded pure phenyl-B-lactoeide, of m. p. 
192' and ( ~ ] * O D  -36.0" in water (c ,  1). These data are in 
agreement with those reportcd by Helferich and Griebel. 

Thirty grams of phenyl-8-lactoside iii 1500 ml. of 2.(j X 
aqueous pot assiuin hydroxide was boiled gently under a 
rrtliiu condeiiser. The rotation changed from Iu]% 
-:$I;,(]', calculated as tlic lactozidc, to -44.0°, calculated 
. - - .-. 

( 1 1 )  I'ischer and Zach, Bcr., 46, 456 (1Y12). 
(12)  Helferich and Griehel, A N P I . ,  644, 201 (1940). 
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as a lactosan, during the first eight hours, and did not 
cliangc during an additional sixteen hours. From the 
nearly colorless solution the product was isolated as a 
zirup by the procedure outlined in a previous publication.' 
Acetylation of the sirup with acetic anhydride and pyridine 
produced an 81% yield of the known hexaacetyl4-,9-~- 
gdactopyranosido-D-glucosan < 1,s > j3 < 1,6 >. After 
recrystallization from ethyl alcohol, this hexaacetyllactosan 
nielted a t  206-208', and showed [a]% --40.8° in chloro- 
form (c, 2); Karrer and Harloff5 reported 171. p. 206" and 
! a ] I B D  -38.9' in chloroform. The deacetylation of this 
compound with barium methylate catalytically, followed 
by several recrystallizations of the product from aqueous 
methyl alcohol, yielded pure 4-B-~-gdactopyranosido-~- 
glucosan < 1,s > 0 < 1,6 > monohydrate as large, clear 
prisms which melted a t  128-130° and showed Ia]% 
- 3 . 6 "  in water (c, 2). I t  did not reduce Fehling solution. 
The air-dried material remains hydrated under the 
ordinary conditions of temperature and pressure. Dried 
to constant weight in uacuo a t  llOo, the anhydrous lactosan 
had a in. p. 110-144° and [a]% -53.5' in water. 

.-1nal. Calcd. for C l Z H Z ~ O 1 ~ ~ H 2 0 :  C, 42.10; H, 6.48; 
H20, 5.26. Found: C, 42.18; H, 6.38; HnO, 5.35. 

Partial Acetolysis of 4-~-~-Gdactopyranosido-~-g~uco- 
san < 1,s > p < 1,6 >.-A solution of 1.00 g. of lactosan 
hydrate in a total volume of 50 ml. of 2 : 1 acetir anhydridc- 
acetic acid containing 2.5y0 by volume of concentrated 
hiilfuric acid changed in [ a ] * ' D  to $53.7' within thirty 
niiiiutcs at  20'. then remained constant for forty-eight 
hours. Froin the reaction mixture was isolated an tGy0 
yield of piire octaacetyl-a-lactose of ni. p. 152' and [ a ] %  
+33.8° in chloroforni. The acetylatiori of lactose under 
the sanie conditions gave nearly identical results. This 
acetolyiis of the lactosan opens thc l,6 ring but does not 
rupture the di5accharidc linkage. 

Phenyl-heptaacetyl-/3-cellobioside.-The coildensation 
of acetohroriiocellohioc with phenol was carried out by 
the same directions which w r c  used for the corresponding 
lactode. '*  'Thc produrt wa5 isolated in a 75y0 yield. 
-4fter scvrral rccrystallizations froni chloroform and iso- 
pcntaiic thc pure I)hciiyl-heptaacetyl-~-v~llobioside had a 
I I I .  1 1 .  2ii f i  '0%' aiid In]% - W  0' i n  chloroform (c, 2). 
'l'hv coinpound described by %enip16ni3 nirltcd at  lUSo and 
inay bavc contained sonic of the anoincric forin; no rota- 
t i m i  svah reported. 

24 ?ru[. Calcd for C;IIHII,C)I.: C, 23.93; 11 ,  S.fi6. 
Fclulltl: c, 54 03; 11, 5 .77 .  

Phenyl-8-cellobioside. .-  Catalytic tfeaceiylat ioii of the 
hcptaacciatc \vir11 bariuni iiicihylate produvctl pliciiyl-p- 
rellol~ioside; tlic long, flexible iiecdles which crystallized 
f r o i n  nicthyl a h h o l  ~oliilion lost their transparency on 
c\ l ) twire to the air a t  rooni tenipcrature. Pure phenyl-& 

i n  ivatcr ( L - ,  1).  

Found: c,  51.83; 11, 6.35.  

ccll(ih~hide l l l c l lcd at  211-21-3" aiid showed [o]'"D -59.5' 

. I t ru l .  Calctl. for C l , H L ~ O l l :  C, 51.67; H, 6.26. 

4-~-r~-Glucopyranosido-1~-glucosan < 1,s > 6 < 1,6 > 
( = Cellobiosan).- h ~ I u i i ~ ~ t  o r  9 I g of p l i ~ y l - , k e l I ~ -  
bio>itlc i n  17011 i i i l .  of 2.6 JV aqucotis ~~oiassi i~ri i  liydroxi(1e 
was heatcd to geiitle IJoiliiig ( 1  l ( ik  115"1  for a period of 

(1:O Z ~ I I I ~ ~ A ~ ,  l ( rr  , 63, I f N 1 : 1  ( l l , b ? o !  

OF PHENYL-8-LACTOSIDE, ETC. 1851 

forty-eight hours. The rotation changed from [a]% 
-59", calculated as phenylcellobioside, to -57', calcu- 
lated as a cellobiosan, during the first twenty-four hours 
and remained constant thereafter. The product was 
isolated in the usual manner as a colorless sirup u*hich was 
then acetylated with acetic anhydride and pyridine. The 
hexaacetate was purified by several recrystallizations from 
ethyl alcohol, as rosets of needles. The melting point of 
the hexaacetyl4~-~-glucopyranosido-~-glucosan < 1,s > 
B < 1,6 > was 145-146', and the [ a ] % D  -54.4' in chloro- 
form (c. 2); identical values were obtained upon de- 
acetylation and subsequent reacetylation. Karrer and 
Harloff5 reported m. p. 144" and [,]I'D -46.24' in chloro- 
form (c, 3.2) for their hexaacetylcellobiosan. 

Deacetylation of the hexaacetylcellobiosan produced a 
sirup which could be transformed to a granular hygroscopic 
powder by concentration in  vacuo of its solution in a 1 : 1 
mixture of methyl and n-butyl alcohols. Under a polariz- 
ing microscope the material appeared to be a t  least 
partly crystalline. The 4-~-~-glucopyranosido-~-glucosan 
< 1,s > fl  < 1,6 > was dried to constant weight over cal- 
cium chloride in an evacuated desiccator; it did not reduce 
Fehling solution; the m. p. was 122', and [ a I z n ~  -75.0' 
in water (c, 2). 
Acetobromo-D-gluco-b-D-plo-heptose.-Fifty grams of 

hexaacetyl-D-ghco-@-D-gulo-heptose,14 of in. p. 134-135' 
and [ a ] * ' D  +4.8" in chloroform (c, 2), was made into a 
paste with 25 ml. of glacial acetic acid; to this was added 
40 ml. of a 3074 solution of hydrobromic acid in glacial 
acetic acid and the mixture kept in the dark a t  room teni- 
perature for ninety minutes. The mixture was theii 
diluted with chloroform, and the solution washed succes- 
sively with ice-water. aqueous sodium bicarbonate, and 
water, dried with granular calcium chloride, and concen- 
trated in vacuo to a sirup. The product crystallized read- 
ily. After several recrystallizations from ethyl alcohol, in 
rosets of prisms, th,: pure acetobromo-D-gluco-a-D-gulo- 
heptose melted at  l l l ' a n d  showed [ a I z n ~  i-187" in chloro- 
form (c, 2). The melting point is in agreement with the 
value 110' reportcd both by Glaser and Zuckermann,lS 
and by Haworth, Hirst aiid Stacey.Ip The rotation was 
reported by the latter invcstigators as [ a ] " ' D  +15(i" in 
chloroform (c, 0.9). I t  seems probable that this low value 
is incorrect because of a typographical error, inasmuch as 
Hartley and Hudson" found the purified acetobromo 
compound to have [ a ] " D  $186". and m. p. 111O. 

(14) Iiischer. A r i w . ,  170, I S  (18!l2); H U ~ S O I I  and Yanovsky. 'THIS 

(15) Claser and Zuukcrmann, %. pkysiol.  (‘hem., 166, 103 (192iI. 
116) Haworth. Hirsl and Stacey, J .  (hcrri. ,SM., 2864 (1931). 
(17) Unpuhlished results of Miss Olive Pierce Hartley, workinr: 

tinder the direction of one of u s  ( C .  S. 11.) at the National Bureau of 
Standards. IY2fi-1928. A thesis entitled "Some New Derivative5 o f  
o-D-Glucoheptose" was preyented by her to  the Vaciilty nf the 
Graduate College in the Gniversity of Nebraska in partial fulfillment 
of the reqidrements for the degree of Master of Science, which was 
conferred upon her in February, 1Y2!). Miss Hartley died August 27, 
1Y38. l'he following additional data are reported in the thesis: 
methyl-D-glucn-0-D-gulo-heptoside, m. p. 167-160°, [a]zoD - 74.7O 
in water. Fiacher [Rcr., 18, ll5R (IS%)] found lfi8-1711° and 
-74 .9 ' ;  lsbrll and I'rush [ J .  Kesrrrr'h ,\.ull. Bur. . S l ~ ~ m f w d ~ ,  14, 
12,; ( 1 9 4 0 ) )  foiind 170° arid -7.1.7". 

Merhyl-penteacetyl-u-gluco-~u-gulo-hcptoside, m.  p. 15% 15 I ', 
[ -1201> -31.8' in chloroform. The compound was prepared by 
itrctyliilioii of (he piire @-glycoside and idso. in an 80Yo yield. from the 
: * ~ . ( . ~ ~ , I ~ r ~ , I i i ~ ~ I i ~ ~ , ~ ~ , , ~ ~  11).  t h e  acti,+1~ of rnct11yl ; ~ l c ~ h d  i i t i i i  41, r r  ctr-  

JDIIINAI. .  38, 157.5 ( la l f i ) .  
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Anal. Calcd. for C1,HzaOl1Br: Br, 16.57. Found (by 
Miss Hartley): Br, 16.41. 

Phenyl-D-gluco-pa-gdo-heptoside (I) .-The condensa- 
tion of acetobromo-D-gluco-D-gulo-heptose with phenol was 
effected in benzene solution by the silver carbonate pro- 
cedure for phenolic glycosides described by Carter.'* The 
phenyl-heptaacetyl-D-gluco-P-D-gulo-heptoside was iso- 
lated in a 55% yield, with m. p. 99" and [O]~OD +8.0° in 
chloroform (c, 2) .  Deacetylation with barium methylate 
catalytically produced phenyl-D-gluco-P-D-glo-heptoside, 
of m. p. 168' and [ Q ] ~ O D  -90.0' in water (c, 1). These 
data for the two compounds are in agreement with the 
values reported by Pigman and I ~ b e l l . ~ ~  

solution of 20.00 g. of pheny1.D-gluco-8-D-gulo-heptoside 
in one liter of 2.6 N aqueous potassium hydroxide was 
boiled gently under a reflux condenser for forty-eight hours. 
Determination of the liberated phenol by titration with 
iodine indicated that the degradation was complete after 
eight hours. During that time the specific rotation 
changed from -90.0°, calculated as the phenylheptoside, 
to +38.0', calculated as a heptosan, and remained con- 
stant thereafter. The clear, yellow solution was cooled, 
neutralized to methyl orange with 3 N sulfuric acid, and 
concentrated i n  vacuo to dryness. The product was ex- 
tracted from the potassium sulfate with alcohol, and any 
remaining potassium ions were precipitated by the cautious 
addition of dilute sulfuric acid to the cold, alcoholic solu- 
tion. The 14 g. of sirup obtained by concentration in  
isaczlo failed to crystallize over a period of several weeks. 

Benzoylation of 8 g. of the heptosan sirup in 80 ml. of 
pyridine and 25 g. of benzoyl chloride overnight, followed 
by decomposition of the mixture with ice-water containing 
22 g. of sodium bicarbonate, resulted in the separation of a 
gelatinous product. The material could be crystallized 
from acetoile-isopentane in roscts of fine needles. A 60% 
yield of pure tetrabenzoyh-gluco-D-gulo-heptosan 
< 1,s > ,9 < 1,6 > was obtained, with m. p. 154-155', and 
[ c z J ~ O D  $144.4' in chloroform (c, 2 ) .  The benzoate is 

D-Gluco-D-gulo-heptosan < 1,s > j3 < 1,6 > (II).-A 

bonate. Haworth, Hirst and Stacey [-I. Chcm. SOL,  2864 (1031)l 
reported 150' and - 16'. 

Methyl-pentaacetyl-D-gluco-u-u-gulo-hepto8ide, m. p. 171 -17S0,  
[ a ] ' O D  +105.5' in chloroform. Haworth. Hirst and Starey found 
l W 0  and +9l0; Ishell and Frush found li4-175' and 4-107 4 ' .  

A crystalline solvate of methyl-u-gluco-o-u-pulo-heptoside with 
a half molecule of ethyl acetate of crystallization was obtained by 
cooling a hot wlution of thr heptr,,ide in ethyl acetate. The  f l ~ t n y  
needles were very hyxrosupic After complete removal of the ethyl 
acetate i n  i u u r i  a t  190" the sirupy hepto4de showed [ a ] ' O D  + 111.3' 
in water. I ~ l x l l  u n d  Friish, w h o  nere the lir\t to crystallize t h e  11ej1- 

tohide, fourid m. p. lllli l l l i 3  and In].'Jl, T 11 I 6'. 
A cry.tallinc ~ l u u l ~ i c  i a l t  of cadmium o-gluco-1,-ido-heptonate 

(originally named i i -d-~ l i ico l ic~ i tonat~)  w i t h  cadniiilm bromide. t he  
analysis of H hich corresponds to the formulx (Cit{iJOs)?Cd.C(iHr:. 
lid.). It cilitainerl readily in  iO% yield from a 50% aqueollh 
alcohol solution of its cumpunentb plui some excew cadmium bro- 
mide The new s a l t  show, [nl'uu - 3  i o  in water; it is soluble to tllr 
extent of ti K .  in 100 ml.  of hot \va te r .  and almust inbolulile in :O% 
alcohol It begin, to iliscolor at II,I(Jo and decomposes without melt- 
ing. 'l'he ronlijiuration of curlwii atoms ?. 3 and 4 of the heptoriic 
acid i F  the silmc as in xylonic t ind iclonic acida. nhich have bee11 
found by Hertr:tnd [/<id/. ),if. ciitr!i, I::] 5 ,  >;Cr ( l X ! l l ) ] ,  and hy Fischer 

I r c + l w r t i \ r l y  ti, vicI<I  simildr douhle silt, of 
~ . i h y  cry*t.illizaticiri 

i l k !  Carter, I ( r r  63, :,hli , l'I:illl 
11 '11 I ) ~ - T I L . ~ ! I  , A W I  l . l l t l l ,  J .  h'r E W O ~  \ d i  I { i L r .  . 3 1 u r , , I m d $ ,  17, 2.4 

11411) 

readily soluble in acetone, chloroform and ethylene di- 
chloride, slightly soluble in alcohol and ether. 

Anal. Calcd. for Ca6H2801~: C, 69.07; H, 4.64. 
Found: C, 68.93; H, 4.78. 

-4nother 8-g. portion of the glucoheptosan sirup was 
heated with 80 ml. of pyridine and 38 g. of p-nitrobenzoyl 
chloride on the steam-bath for onshour. The reaction mix- 
ture was poured into two liters of ice-water, and the solid, 
crystalline product was filtered and washed well with water. 
In order to remove the pyridine p-nitrobenzoate i t  was 
necessary to triturate the solid material with 15% aqueous 
acetic acid fo!lowed by 10% aqueous sodium bicarbonate. 
The residue was recrystallized from 10 parts of pyridine, 
then from 200 parts of acetone, as colorless needles. The 
yield was 557& The pure tetra-p-nitrobenzoyl-D-gluco- 
D-gulo-heptosan < 1,s > p < 1,6 > melted a t  268' and 
showed [ a I z o ~  +218" in pyridine (c, 2 ) .  It is readily 
soluble in pyridine, slightly soluble in ethyl acetate, chloro- 
form and acetone, and practically insoluble in water, 
alcohol, ether, benzene and isopentane. 

Anal. Calcd. for C~jHsrNaOla: C, 53.31; H, 3.07; 
N,7.11.  Found: C, 53.40; H,  3.08; N, 7.13. 

Removal of the benzoyl or p-nitrobenzoyl groups from 
the corresponding derivative was accomplished with 
barium methylate,catalytically ; the methyl benzoate or 
p-nitrobenzoate which was produced was extracted with 
chloroform from the aqueous alcohol solution of the liber- 
ated heptosan. The barium ions were removed as sulfate 
in the usual manner. The product separated from methyl 
alcohol as a jelly which was transformed, in the course of 
two weeks, first to microscopic needles and later to heavy 
prisms. Recrystallized from methyl alcohol by the addi- 
tion of ethyl acetate, pure D-gluco-D-do-heptosan 
< 1,s > B < 1,6 > was obtained iii rosets of shining, acicu- 
lar prisms of in. p. 95'' and [ a l Z o ~  +53.9' in water (c, 2 ) .  
The yield was nearly quantitative. The crystalline hep- 
tosaii is very soluble in water, soluble in methyl alcohol, 
less soluble i n  ethyl alcohol, and slightly soluble in ethyl 
acetate and ether. 

Anal. Calcd. for C7H1206: C, 43.75; H, 6.30. Found: 
C, 43.70; H, 6.27. 

An addition compound, of the composition 2 heptosan.1 
NaCI, was obtained by concentrating an aqueous solution 
of 0.87 g. of u-gluco-D-gulo-heptosaii < 1,5 > /? < 1,6 > 
and 0.18 g. of sodium chloride, and crystallizing the re- 
sulting sirup from methyl alcohol by the addition of ethyl 
acetate. The yield was quantitative. The product could 
be rccrybtallizetl readily, as clusters of shining, approxi- 
mately rectangular prisms, of ni. p. lfi5-167' and [a]'"D 
+48.0° in water (c, 2). Oiie gram was soluble in 15 ml. of 
hot  methyl alcohul. 

. I t d .  Calcd. for ClrHrJO12.NaC1: C, 87.97; H, 5.47; 
C1, 8.01; NaC1, 13.20. Found: C, 37.92; H, 5.49; C1 
(titratable with silver nitrate), 7.91; NaCl (residuc from 
conlbustion), 13.1. 

Acetolysis of 0-Gluco-wgulo-heptosan < 1,s > /?< 1,6>. 
-To 1.00 g. of crystalline heptosan was added sufficient 
2 :  1 mixture of acetic anhydride and acetic acid, containing 

1111. uf sdu t io i i ,  hftcr ciyiitccii hours a t  20' all of the 
heptosiii Iiatl tlismlvccl, a i i ( i  thr [nl"b valuc, calculated a5 

It does not reduce Fehliiig solution. 

.> ,.n - 0  /o by voluine of coilcentrated sulfuric acid, to make 50 



Oct., 1943 ALKALINE DEGRADATION OF PHENYL-P-LACTOSIDE, ETC. 1853 

a hexaacetylheptose, had become constant at +21". 
Aftcr an atltlitioiial thirty hours the reaction mixture was 
decoinpoictl i i i  thc usual mauiicr, and from it was isolatcd a 
20% yicld of hcraacetyl-D-gluco-a-D-gulo-heptose, of in. 
11. It'd" and [ a ] " ' D  +87.0° i n  chloroform (c, I) ,  and a 60% 
yield of hesaacetyl-D-gluco-8-D-gulo-heptose, of m. p.  
135" and [m]% ++A" in chloroform ( 6 ,  2 ) .  The acetyla- 
tion of D-gluco-D-gulo-heptose under similar conditions 
gavc nearly identical results. The values of the cy- and p- 
hcxaaccl ates agrce with those previously reported.'" 

Oxidation of u-Gluco-D-gulo-heptosan < 1,s > p 
< 1,6 > with Sodium Metaperiodate.-To an aqueous 
solution of 0 359:: g of pure heptosan was added 10 ml. of 
0.4143 Alf aqurous sodium periodate (2.22 equivalents), 
aiid the solution \\'as diluted exactly to 50 ml. with water. 
I n  the course of ten days a t  20" the [aI2'D value changed 
from +53", calculated as  the heptosan, to  -58.7' (cow 
stant), calculated as the expected dialdehyde CsH,Oj. 
Titrations sho\vcd that 2.02 equivalents of periodate had 
1)eeii consullied and that 0.98 mole of formic acid had been 
produced by thc oxidation. 

2,3,7-Tritosyl-~-gluco-~-gulo-heptosan < 1,s > p 
< 1,6 > ( I V ) . ~ -  To 5 g. of crystalline hcptoian i i i  40 nil .  of 
dry pyridine \vas acldcd 25 g. ( 5  equivalents) of tosyl 
chloride, arid the mixture wai allowed to staiid either 
twenty-four or forty-eight hours at room temperatiire be- 
fore it was tlecomposed with ice-water aiid the product 
iwlated i t i  the usual Iiiaiiiier; the yield was 76'?&',. The 
tritosyl-u-gluco-D-gulo-lieptosall was recrystallized from 
iiicthyl alcohol as glittering prisms of in. p .  157' arid 
! c Y ] ~ " I )  +:3-l.tio i i i  chloroform (c, 2 ) ;  it is readily soluble i n  
cliloroforiii and acrtoiic, less 5olublc in methyl alcohol, 
ethyl acelate and cther, aiitl iusoluble iii water. 

. l t z u l .  Calcd. for ClaH,~(1~.Ss: C, 5 1 . X ;  H, 4.02; S, 
14.69, I ~ o u n d :  C, 61.57; H, 4.72; S, 14.56, 1-1.67. 
2,3,7-Tritosyl-4-acetyl-u-gluco-~-gulo-heptosan < 1,s > 

p < 1,6 >. Acetylation of the tritosyl heptosaii with 
:icetic aiihytlridc arid pyridine for twenty-four hours at  
rooiii teiiipcrature produced a 90% yield of the moiioacetyl 
clcrivat ivc. 'l'hc acctatc was recrystallizcd from a mixture 
of acetone aiitl impentane in glitteriiig prisiiis which ap- 
pc,arctl to  contaiii a molecule of acetone of crystallization. 
'i'lic, air-dried iiiatcrial melted at 105", with foaming, and 
hliowctl jaJ2"u +55.2" i n  chloroform (c, 2 ) ,  equivalent to 
1 a ] 2 " ~  +39.8" for thc acetone-free coinpound. An iodo- 
form test was po4itivc. Material which had been kept in a 
tlesiccator for a wcrk seemeti to have lost part of its acetone 
content. the lo\\ i i i  weight at 1 IO' being oiily K-lyG iiibtrad 
of the ;.;yo calculatetl for oiie niolecule of acetone'. 

ilnoi. Calctl. for C3rH1,OI,S,.CH,COCH,: C,  32.81 ; 
H, 5.07. 1;ouiitl (air-dried): C, 52.11; H,  5.12. Calctl. 
for C&lL)~:,S:I: C, 51.71; 13, 4.W. I'ouiid (dried at  
110'): C,51.(i5; H,4.ti4. 

2,3-Ditosyt-4-acety~-~-g~uco-~-gu~o-heptosan< 1,5> 
p < 1,6 >-7-iodohydrin (VI.-Five grams of sodium iod de 
was dissolved in a solution contaiiiing 5 g. of the acetyl- 
tritobylhcptosaii i l l  40 nil. of dry, freshly distilled acetonyl- 
acetoile. 'rhc d u t i o n ,  kcpt a t  7U" for cightceii hours, 
rciiiaiiic.tl light i i i  color aiid deposited about oiic equivalent 
of s~~tliiiiii p-toliir,iic.iulfoiiate, wliicli \\'ab rciiiovcd Iiy tiltra- 
i ioi i. ' 1 . 1 1 ~  ~ ) r o ~ i i i c t  t~ry+i:tllizc-ti rcatlily \ r l i r i i  t i l t* 1iItr:itc 

' A I )  1 1 1 ~ ~ 1 . ~ 1 1 ~  , s r i < I  \ ' , L I I U \  , h y .  1 ' 1 1 , ~  I O I Z R W A I . ,  38, 157;) ( l!ltli). 

was diluted with water and was recrystallized several 
times from a mixture of acetone and isopentanc. The 
pure iodohydriu had a 111. p. 135" and [cy]20D -4.0' in 
chloroform (c, 2 ) .  

,lnuI. Calcd. for C ? ~ H P J O I O S ~ :  C, 42.31; H, 3.86; 
I ,  19.15. Fouiid: C, 42.29; H, 3.94; I ,  19.5fi. 

2,3-Ditosyl-4,7-anhydro-~-g~uco-~-gu~o-heptosan< 1,5> 
p < 1,6 > (VI).--I)eacetylation of 3 g. of the acetylditosyl- 
heptosaii iodohydriii with barium methylate at  room 
teniperature produced clusters of feathery needlcs which 
crystallized within ten minutes froin the 200 ml. of methyl 
alcohol solution. The product was isolated in 8574 yield 
after several recrystallizations from methyl alcohol. The 
pure ditosylanhydroheptosan had a m. p. of 180-182", and 
[ a ! " ' ~  -37.0' in chloroform ic,  2 ) ;  i t  is readily soluble i n  
chloroform and acetone, less soluble in methyl and ethyl 
alcohols, cther and ethyl acetate and practically insoluble 
in water and isopentane. 

.4nul. Calcd. for C?IHT~OPS~: C, 52.27; H, 4.60. 
Found: C, 52.23; H, 4.67. 

The ditosylanhydroheptosaii was obtained also directly 
from the 2,3,i-tritosylheptosan in several attempts which 
were made to replace the T-tosyl group by heating with 
sodium iodide. No intermediate iodohydrin could be 
isolated when the hydroxyl group on carbon 4 was not pro- 
tected hy previous acetylation. 

The ditosylanhydroheptosan did iiot decolorize a solu- 
tion of bromine in carbon tetrachloride, did not absorb 
hydrogen a t  room temperature and atmospheric pressure in  
the presence of palladium black, and was not appreciably 
attacked by ozone irk chloroform solution at 0".  The coni- 
pound was recovcrrd unchanged after attempted acetyla- 
tions with acetic anhydride and pyridine for twenty-four 
hours at  room temperature, and with acetic anhydride atid 
fused sodium acetate for three hours on the steam-bath, 
iiidicatiiig that it contains no hydroxyl group. 

The authors wish to thank Dr. Arthur T. Xess 
for carrying out the microchemical analyses, aiid 
RZr. Charles G. Remsburg for the sulfur deter- 
minations. 

Summary 
Phenyl-8-lactoside and phenyl-ij-cellobioside 

have been degraded readily by the action of hot, 
aqueous potassium hydroxide to lactosan (4- 
8-D-galactopyranosido-D-glucosan < 1 ,.i > ,f~' < 1,6 > 
and cellobiosan (-j-@-D-glucopyranosido-D-gluco- 
san < I ,*j> < i , ( j > ) ,  respectively. 

Phenyl-D-gluco-ij-D-g.ulo-heptoside has been de- 
graded similarly to a crystalline anhydride, to 
which has been assigned, on strong evidence, the 
structure D-gluco-D-gulo-heptosan < 1,5> /3 < 1,6>. 
The heptosan has been characterized by means of 
ail 2.ddition compound of the composition 2 hepto- 
san.lSaC1, a tetrabenzoate, a tetra-p-nitrobenzo- 
ate, :I L',:{,T-tritosyl derivative, a 2,3,7-tritosyl-4- 
acetyl dcrivativc, arid n 2,:3-ditosyl-d-acetyl-i- 
i(1(loliylriii.  'l'lic I:tst-iiainctl compound on tlc- 

The yield was 83%. 
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acetylation is transformed smoothly to 2,:3-di- 
tosy~-4,7-anhydro-~-g~uco-~-gu~o-heptosan < 1,5> 
p < l , G >  , a sugar derivative containing one six- 

atom ring and two five-atom rings fused together 
in a novel manner. 
BETHESDA, MARYLAND RECEIVED JUNE 24,1943 

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY AND CHEMICAL ENGINEERING OF THE UNIVERSITY OF PENNSYL- 
VANIA] 

The Allylic Character of 2-( a-Chloroalky1)-benzimidazoles' 
BY HERMAN SKOLNIK,) JOHN G. MILLER AND ALLAN R. DAY 

Previous work3 has indicated that the chlorine 
atoms in 2-chloromethylbenzimidazole and 2-( a- 
chloroethy1)-benzimidazole are highly reactive. 
This was shown by the extreme ease with which 
these compounds reacted with primary or second- 
ary amines. Structurally they are similar to allyl 
chloride and benzyl chloride, and so might be ex- 
pected to show some similarity in chemical be- 
havior. The fact that they appeared to be more 
active prompted the present study of the activat- 
ing effect of the benzimidazole group on the chlo- 
rine atom in several types of 2-(a-chloroalky1)- 
benzimidazoles . 

I I1 
2-Chlorotiiethyl- 2-(q-Chlorwthyl)- 

benzimidazole benzimidazole 

H CHa H CtHr 

111 IV 
2 4  a-Chloroisopropyl)- 2- (a-Chloro- n- prop yl) - 

betizimidazole benzimidazole 

This selection of 2-a-chloroalkyl derivatives not 
only permitted a study of the labilizing influence 
of the benzimidazole nucleus but the effect of the 
nature of the a-carbon atoms as well. I t  will be 
noted that compound I is a primary halide, I1 and 
IV are secoridary halides, while I11 is a tertiary 
halide. 

Numerous studies have been published concern- 
ing the effect of labilizing groups on halogen atoms. 
In many cases only qualitative information has 

(1) I'resentecl ut the 13etroit meeting of the American Chemical 

(2) Present address, Hercules Powder Co., Wilmington. Del. 
(3) Bloom and Day, J .  Or#. Chcm., 4, 14 (1938); Roeder and Day, 

W c t y  in April, 1943. 

ihrd.. C, 25 (l!Nl). 

been reported, such as the conditions under which 
certain metathetic reactions occur or whether the 
reaction proceeds a t  all. In other cases quantita- 
tive data resulting from reaction studies have been 
reported. In the present investigation both the 
qualitative and quantitative methods have been 
employed. The results from both methods point 
to the fact that the 2-a-chloroalkyl benzimidazoles 
are more reactive than the usual allyl halide type. 
No work has been reported previously on this 

grouping, -N=C-cHci. only the qualitative 
data are included in this paper. 

I t  was no great surprise to encounter certain 
anomalies in the chemical investigation under- 
taken to establish the allylic character of com- 
pounds I ,  11, 111 and IV. These derivatives 
have more functional groups than allyl chloride, 
which results in greater complexity of activity. 
For example, the benzimidazole ring system 
contains two nitrogen atoms, one a tertiary basic- 
nitrogen and the other attached to an active 
hydrogen atom. In solution such compounds 
are probably highly associated through hydrogen 
bonding.' 

Since allyl chloride is known to react with 
Grignard reagents, it was expected that 2-chloro- 
methylbenzimidazole would react similarly with 
phenylmagnesium bromide. However, no identi- 
fiable products could be isolated. 

Greater success resulted from a study of hy- 
drolysis reactions. The 2-chloromethyl compouiid 
was hydrolyzed almost quantitatively by boiling 
with water for thirty to sixty minutes. The %(a- 
chloroethyl) and 2-( a-chloro-n-propyl) compounds 
gave similar results in a somewhat shorter time 
and the 2-( a-chloroisopropyl) derivative was com- 
pletely hydrolyzed by water a t  room temperature. 
The greater ease of hydrolysis of the secondary and 
tertiary chlorides was to be expected, but i t  must 

I /  

(4)  Hunter nnd hhrriot,  J. Chern. Soc.. 777 (l!)41). 


