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TABLE I 
DERIVATIVES OF PGRISETHIOLS 

x 
N k % - Y  1- N 

N I  
Z 

Re- 
hI.p., Yield, cryst. 7- Ca1cd.- --- Found---- 

NO. X Y z oC.a solv.' Formula C H S d C H S d  
I SCOzCiHa H H 198-199 43 d C<H.;SIOIS 42 .85  3 . 6 0  24 .99  1 4 . 3 0  4 3 . 2 3  3 . 9 1  2 4 . 8 0  14.63 
I1 SCOKaHii H H 190-191 67 B CiiHi4NaOzS 4 9 . 4 2  5 . 3 2  2 1 . 1 2  12 .09  49 80 3 . 2 3  20 89 12 27 
111 H SCOzCiHa H 186-187 53 B CqH.Na02S 42 .85  3 . 6 0  24.99 14.30 42 .98  3 . 6 9  2 3  00 14 50 

V SCO&Ha H CH3 136-137 58 D CsHd40zS 4 2 . 8 3  3 . 6 0  24 99 14 .30  43.03 3 70 24 09 13 99 
VI SCOiCiHs H C Ha 100-101 72 E CoHioNPOzS 45 .36  4 .23  23.51 I3  40 45.26  4 3d 23 30 13 .22  
VI1 SCH3 H COzCH3 147 64 B C.HIN40zS 42 .85  3 . 6 9  24 99 1 4 . 3 0  43.24 3 . 8 8  2 4 . 9 3  I X I i l  
VI11 BCHI H COLhHs 
IX H SCH3 COzCH3 126-127 46 B C.H?NaOzS 42 .85  3 60 24 99 1 4 . 3 0  43.37 3 99 24 67 13 82 
S SCHa H COSHC6Hs 151-152 94 C Ci3HiiXaOS 54 .72  3 .87  24.56 1 1 . 2 4  53.01 3 .79  24 24 10.90 
S I  SCH8 H CONHCioHi 182 23 F C17HiaN505 I jO 88 3 . 9 1  20  85 61.22  3 .87  20 88 
S I 1  SCHa H CONHCiHs 95-96 14 C CIiHinNsO3 49 .79  5 . 7 0  2 0 . 4 0  1 2 . 0 9  4 9 . 9 3  3 . 6 9  26 13 11.8li 

IV H SCOiCsHii H 187-170 39 C CilHlS402S 49 .42  3 . 3 2  1 2 . 0 9  49 87 5 . 6 3  12 3 2  

142 70 B C O H L O X ~ O ~ S  45 .36  4 23 2 3 . 5 1  45 .26  4 . 3 1  23.21 

a Melting points corrected, taken on a Fisher-Johns Block. ' Solvents: -1, methanol; 13, etlianol; C, 50yG water-ethanol; I), 
s-ater; E, ether; F, chloroform-hexane. 

TABLE I1 
SPECTRAL DATA 

Ultrariolet absorutiona , Infrared 
r-pH1- 7- g H  7- absorpt., ' Comiiound 

DO. S a m e  Xmnx L X 10-4 Xmnx r X 10-4 C=O, cm.-' 

I Purine-6-thiol ethyl carbonate 32 I 1 . i 4  322 1.89  1770 
I1 Purine-6-thiol pentyl carbonate 320 1754 
I11 Purine-8-thiol ethyl carbonate 318 1.70 318 0 .96  1721 

v 9-Methylpurine-6-thiol methyl carbonate 283 1.05 280 1.35 l i24  

VI1 Xethyl 6-(methylthiopurine)-7(9) carboxylate 287 2.26 287 2.15 1748 
VI11 Ethyl 6-( methy1thiopurine)-7(9) carboxylate 288 2.02 288 1 .82 1770 
I S  Methyl 8-( methylthiopurine)-7(9) carboxylate 313 2.58 299 1.52 l i54  
S 6-Methylthio-N-phenyl purine-i(9)-carboxamide 275 1.09 1721 

XI1 6-Methylt.hio-N-butyl purine-7( 9)-carboxamide 265 .74 260 0.62 1704 

IV Purine-%thiol pentyl carbonate l i48  

VI 9-Methylpurine-6-thiol ethyl carbonate 280 1 .08 282 1.50 1721 

S I  6-Methylthio-S-1-naphthyl purine-7(9) carboxamide 280 0.56 280 1 .13  1724 

5 Taken with a Perkin-Elmer Model 202 ultraviolet-visible spectrophotometer. The blank spaces indicate insufficient solubility in 
In potassium bromide pellets, using a Model B Baird infrared recording the aqueous solut,ions used for accurate measurement. 

spectrbpIlotometer. 

from purine-6-thiol, purine-8-thio1, and 9-methyl- 
purine-6-thiol by treatment with alkyl chloroformates. 
A satisfactory medium for preparing compounds I-IV 
mas dimethylformamide with potassium carbonate as 
acid acceptor, as used for alkylations7 on the thiol 
group.72 The method for compounds V and VI involved 
treating the sodium salt of the purinethiol with the 
chloroformate ester in benzene. Aqueous alkaline 
media were not effective. 

The structures of compounds I and I1 were proved by 
synthesis from the known 6-thiocyanatopurine,* using 
Grant and Snyder's methods for converting a thio- 
cyanate to  a thiolcarbonate. The products isolated 
from the reaction of 6-thiocyanatopurine with sodium 
ethoxide or sodium 1-Dentoxide, foIlowed by hydrolysis, 

OR- , qN,> I\ N Z  ROH 

SH 

CICOOR 

K z C O S  
- 

were identical with chose obtained from t h e  reaction 
of et,hyl and 1-pentyl chloroformates with purine-6- 
thiol. 

(7) T. P. Johnston, L. P. Holum, and J. A. Montgomery, J .  Am. Chem. 
Soc., 80, 6266 (1958). 

(7a) NOTE ADDED IN PRoO~.-Purine-6-thiol ethyl carbonate has been 
prepared in 70% yield b y  treating purine-6-thiol with ethyl chloroformate 
in a~iueous  sodium hydroxide. (Private communication from H.  'rilles and 
D. G. Btoffey, Stauffer Chemical Companr ,  Richmond Research Center.)  

(8) G. B. Elion, I. Goodman, W. Lange, and G. H. Hitchings, ibid., 81, 
1898 (1959). 

(9) 11. 9. Grant  and H. R. Snyder, ih id . ,  82, 2742 (1960). 

It is to  be noted that  the attack of the chloroformate is 
on the SH group in purine-6-thio1, whereas in 6-amino- 
purine (adenine) this occurs a t  the 7 or 9 position,'O 
due probably to  the greater electron density around the 
thiol or thiolate ion than around the 7- or 9-nitrogen or 
the 6-amino nitrogen of the purine ring. By analogy to 
the behavior of purine-6-thio1, it may be assumed that  
the reaction of chloroformates with purine-8-t hiol and 

(10) E .  Dyer,  J. bI. Reite, and R. E. Farris, J r . ,  J. X e d .  Chem., 6, 298 
(1963). 



itli !~-mt~tliylpiirine-(i-tliiol al-o took place at the tliiol 
gi oiip. 

.Ill of t lic ptiriiie tliiolcai4xmate. siioived carhoiryl 
al).oiptioii i i i  tlie iiifiared (Table 11) n-ithin tlic raiige 
1 i ? I -  1 i i O  c m - l .  Iii diethyl tliiolcarl)oii:iteli t l i i -  

:tl,.orptioii I >  at 1700 em. -I. AI weak, but iianon- haiid 
:it (Xj?-(XXi e r n - '  iii  all of the purine tliiolcwboiiatc 
rniglit t ) c >  c a u d  hy tlie (' S btietcliiiig I ihiatioii. 
' 1 ' 1 ~  riltiaviolet ahsorptioii of compouiids 1- a i d  1.1 I -  

I I I  tlic ~ ~ g r o t i  typical13 of otliei, O-substitutd tliiopuiiiitx. 
(280 -290 mp). hit  compouiids I, 11, aiid 111 :ihsoi'\) at 
somen-hat longer n-aveleiipths. 

'l'llr tliiolcai hoiiateb \ v e i ~  i apidly hydiolyzed to  ti- 
piiriiietliiol nt pH 11, l iapidly at pH 8. and ueie  
riiiaffectcd by dilutc a :it loom tempelatlire f o r  

l<:ffoit. w i e  made to  piepale piuiiie thiolcaibaiiiatc. 
1)y tlici iiitciactioii of the thicl group with pheiiyl iso- 
cjTaii:itC iiiidei, coiiditioris kno~v-11~~  to  he fawiable for  
t lie rwct ion of -imple tliiolb with isocyanates I-loweT P I .  

treatmcnt of anliydrou,; pili iiie-(i-thiol with phenyl jzo- 
cByuiiate in dinwtliylformamide i i i  the picwiice of t 1.i- 

tthylamiiir gal  t only m i x t u i ~ b  of iiiiidentified product>, 
aiid !)-metlij-lpiiriiir-Ci-tl?iol did iiot i m c t  \I hcri > t i - -  

peiided in tolricile arid licaattd with tlie ihocyaiiate iri the, 

pe'l lOd> of .PI cia1 11OU1'R. 

prc'bcllcc of til(. poJ\-Pl fill (YitalJ , 1 ,I-t-liazal>icyrlo- 
[2 .2 .2  joctn11e 

Iltlioiigh -iiccesd'ul rractioil of tlie thiol group of tlie 
~JUI ill(' n it11 i-ocyaiiatw liai iiot t~eeii ache \  d, facilc 
ieartioii at thr~ 7 -  01' !I-poiitioii took place n-it11 (i- 
mctliylthiopni~iiir. C'arbamoyl deiirativcs (1, SI. 
XII. T a l k  1 )  i1ei.c obtained from the actioii of phenyl. 
~-1iap1~tliyl a i i d  l-l\utgl isocyaiiates oil 6-methylthio- 
p i 1 1  iiic iii l)c~ii/eiic boliitioii a t  room temperature in the  

lice of t ~.ietliplamiiic. Tlieqe suhtaiiccs ITPI e' 
alliii(>. solii1)le iii organic solventb, and shon cci 

-t I oiig ('ai \)oi!j- l  :ihso~ptioii iii the iiifraied (Table 11) 
S H  group uccui red al,-o 

\t i t l i  c ~ l i l o i  ofoi mates I\ l i r w  tlie thiol giuup nab alkylated. 
~ i - ~ ~ ( ~ t  Iiylt Iiiopririlic aiid 8-ni~tliyltliiop~ii i i w  yielded 
t l i c b  7io1 $ 1 )  cai.i)o\ylate deiivatiie- \-I1 I S  (7'at)lP 1) 
\I Iw i i  tic:atcd 1) itli clilorofo~~matc~. 'l 'h compoiiiidi 
\\pie' I ply wiihitiie to 1)a-ic liydrolysi.. 1)iit r~-ew 1111- 

: i ifcvtrtl 1)y dilute acid. 
.Ittempt > I\ c w  made to  dctermiiie n-lietlier tlie car- 

tlo1yl:itch qo i ip  was a t  the i- or !)-poitioil t ) ~  tieatmeiit 
of 1-11 \I i t l i  >odium 1)oroliydride 01 alumiiium hydride 
i i i  tllc pi cseiicc of alumiiium chloride. \vliich was e\- 
pcctcd t o  ai\ e a kiion ii 7-methyl or !)-methyl deriva- 
t i \  v ot (i metliyltliiopuiiiic I-Eowever. the oiily plod- 
rirt \\ n i  (i-metliylthiopuriiie. -4 similar i.csiilt fiom 
hydrogeiiatioii of ail S-carbalkor y derivatii-e of a lietcm- 
cyclic conipoiiiid \vab obtained hy Dsthlbom13 using 10- 
(whet  liosyplieiiot hiaiiie. 

On the ha4. of data oil ultraviolet absoiptioii, thti 
locntioii of tlie carboxylate gi'oup at the 9-position i i  
homer1 hat more piot)able than at the i-position be- 
caiibe the !)-substituted tliiopuriries absorb a t  slightly 
loww ~ r a \ ~ '  I~rigtlis. 

lic~actioii at the imidazole 

1'01 example. a t  pH 7 ,  the A,,, 

( I I I 1.'. 1 2 t ~ i u i i i l i ,  Hull. Soc. CI'im. France. 8Y0 (1937). 
Bcllaniy. "The Infrared Spectra. of Conig1i.s IIolecules", John  

(ins. S e w  Y o r k  S.  1.. 1931. 11. 291. 
, Skinnrr .  It. G. H a m ,  D. C .  Fitzgerald. J r . .  El. F:. Cakiri. ani1 

\\, Si i iyp ,  .I. O r g .  Chrm.,  2 1 ,  13x0 (1g :G) .  
(11) 1.:. 1)yrr. J .  F. Glenn,  a n d  E. G .  Lendrat, i b i d . ,  26,  2919 (IUOI). 
t 1 7 1  l i .  l l : i l ~ l b o n ~ ,  . l r tn  Cheni. Sinr id . .  6 ,  310 (1932). 
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TABLE I11 
S C R E E S I X G  DATA',' ON PURINE-6-THIOL ETHYL CARBOSATE 

13 

Dose, 
mg./lig. 

112 
100 
66.0 
56 . O  
44 .0 
28 .O 
14 .0 
7.00 
0 .so 

112 
56.0 
28 .O 
28.0 
14.0 
14.0 
3.50 
1 .75 
0.85 
0 .21  

160 
80.0 
40.0 
20.0 
16 . O  
8 . 0  

5 
6 
6 
6 
6 
6 
6 
6 
6 

-7 

10 
10 
10 
10 
10 
10 
10 
10 
10 

6 
6 
6 
6 
6 
6 

6 
6 
6 
6 
6 
6 
6 
6 
6 

10 
1 0 
10 
10 
10 
10 
10 
10 
10 
10 

6 
6 
6 
6 
6 
6 

Animal 
wt .  diff. 

-1 .7  
-1 .3  
-1.2 
-1.1 
-0 .5  

1 .o 
-1 .o  
-0 .9  
-0 .8  

- 4 . 1  
-2 .3  
- 1 . 3  
-3 .3  
-1 .3  
-1 .8  
-1.2 
- 2  .0 
-0 .9  
- 0 . 6  

-2.7 
-1 .8  
-2 .0  
- 1 . 1  
-1 .4  
- 1 . 7  

Roue 

- . 4 7  
- 1 . 2  

P a r ~ o m a - 1 8 0 ~ ~ ~ ~ ~  
-Tumor wt.- 

Test  Control 

195 875 
303 843 
517 843 
268 875 
473 843 
405 875 

875 364 
800 iii 

1063 777 
. ~ d e n o ~ a r c i n o n i n - 7 ~ . ~ ~ , ~ ' ~  

50 675 
56 675 
59 675 
50 875 
56 675 
5G 875 
43 948 

206 1663 
847 1663 

1440 1663 

-*- 

Ly 1x1 I)l luid Leiikeiii ia I.-1 ?lod+' 
---SLirvivaI (days)---- 

9 . 3  8 . 6  
15.0 10.2 
15 .0  10.2 
15 .o  10.2 
11.2 8 . 3  
10 .2  8 . 3  

KB Cell Culturei 

TIC, Specificity Conficience,f 
70 testf 5 Indexf 

22 
35 
61 
30 
56 
46 
41 

102 
136 

Below 8, 
above 0 n5.0  3 . 5  

7 
8 
8 

8 
6 
4 

12 
50 
87 

3 

Below 14, 
above 0 

108 
147 
147 
147 
134 
122 

EDj" pg./111I 

< l . O  
< 0 . Z  

.93 

. I 7  

99.7 5 .6  

0. Portions, not the whole of the data. One dose per day for all of the tumor systems. Vehicle, carboxymethyl- 
cellulose. e Seven IP. injections, sacrifice on day 8. f Ref. 20. 0 Host, BDF1. h Eleven IP. injections, sacrifice on day 12. Vehicle, 
dimethylformamide. 

Host, Swiss. 

was at once adjusted to 5 with glacial acetic acid. The solid 
product was recrystallized to constant melting point from the 
solvent specified in Table I. These substances were slightly 
soluble in water and moderately soluble in alcohols. 

Khen 50 mg. of compound I was allowed to stand for 0.5 hr. in 
a buffer of pH 8 a t  room temperature, the solution acidified to pH 
5,  and extracted with ethyl acetate four times, 17 mg. of the thiol- 
carbamate was recovered unchanged. However, a t  pH 11 
complete hydrolysis to 6-purinethiol took place in 0.5 hr. 

B. From 6-Thiocyanatopurine and Alkoxides ( I  and II).-To 
50 ml. of ethanol or 1-pentanol was added 1.04 g. (0.0455 g.- 
atom) of sodium. After the sodium had reacted, 1.00 g. (0.0057 
mole) of 6-thiocyanatopurines was added and the solution refluxed 
for 12 hr. The precipitate obtained on cooling was filtered, added 
to 50 ml. of 3 Jf hydrochloric acid, and the mixture refluxed for 
48 hr. The cooled solution was treated with sodium bicarbonate 
to bring the pH to 5 and extracted with four 50-ml. portions of 
ethyl acetate. The thiolcarbonates were obtained in 19Yc yield 
from evaporation of the dried extracts a t  room temperature. 
Mixture melting points of the recrystallized products prepared 
by methods ( A )  and (B) showed no depression and the infrared 
spectra of the rompounds were identical. No other product was 
obtained. 

C. From the Sodium Derivative of 9-Methylpurine-6-thiol and 
Alkyl Chloroformates (V,  VI).-A mixture of 50 ml. of dry ben- 
zene, 0.50 g. (0.0030 mole) of 9-methylpurine-6-thi01~~ (the purity 
of which was checked by ultraviolet absorption), and 0.079 g. 

( 2 4 )  R .  K. Roll insand H. H. Lin, J .  Bm. Chem Soc ,79, 491 (1957). 

(0.0033 mole) of sodium hydride was stirred until reaction was 
complete, treated with 0.0060 mole of methyl or ethyl chloro- 
formate, and the mixture stirred overnight at room temperature. 
Evaporation of the filtered benzene solution at room temperature 
yielded the product. 

Carboxylate Derivatives of 6- and 8-Methylthiopurine (VlI- 
IX).-A mixture of 50 ml. of water, 0.2 g. (0.005 mole) of sodium 
hydroxide, and 0.5 g. (0.0033 mole) of 6- or 8-niethylthiopurine2*2j 
was stirred until all of the solid dissolved. Then 0,012 mole of 
methyl or ethyl chloroformate was added and the solution stirred 
a t  room temperature for 3 hr. The precipitate that formed in the 
now acid solution was filtered and recrystallized. 

A solution of 50 my. of 1-11 in 0.1 Jf sodium hydroxide vas 
completely hydrolyzed to 6-methylthiopurine in 15 niin. a t  room 
temperature, but was unchanged in 0.1 -If sulfuric acid. 

Carbamoyl Derivatives of 6-Methylthiopurine (X-XI) . -A 
mixture of 50 ml. of dry benzene, 0.5 g. (0.003 mole) of 6-methyl- 
thiopurine,2 0.006 mole of phenyl, 1-naphthyl, or 1-butyl iso- 
cyanate, and 11 mg. of triethylamine vas  stirred for 12 hr. xith 
protection from moisture. The products were obtained by evapo- 
ration of the solvent a t  room temperature h t  temperatures 
above their melting points, these compounds decomposed to the 
isocyanate and 6-methylthiopurine. The carbanioyl derivative 
,Y was hydrolyzed to  6-methylthiopurine when a 100 mg. sample 
was allowed to stand with 10 ml. of 0.01 31 sodium hydroxide 
overnight a t  room temperature. 

Hydrogenation of Methyl 6-(methylthiopurine)-7( or 9)car- 
boxy1ate.-A 100 mg. sample of VI1 dissolved in tetrahydrofuran 

( 2 5 )  A. Albert and D. J. Brown, J. Chem. Soc., 2060 (lQ54). 
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\+-:is tre:ited with lithium duriiiniirii hj-dride in the presence ~l .I cwitrol cxgeririierit n-ith all reagents except, t,hc litliiuri~ : l l t i -  

: h n i i i i i r i i  c.hloride to maintain acidity. Iluring the decornposi- iriinum hydride shwved that VI1  n-as not tijdrolyzctl iirit1f.r i t i ?  

tion i ) f  t h e  hydride complex tlie pH of the solution was never acid conditione illaintained. Therefore, since hydrolysis is 11, i t  

: 1 l l c i w d  t ~ i  rise above 5. The product, isolated by continuous the cnuse of tht: furination of Ci-methylthio~~urinc., 1iydrogc~ri:ii i r  l i i  
rstmction rsith ethyl acetate, x a s  S7 mg. of 6-meth.r.lthiopurine. rriust Ii:tve iiwurre(1. 

1,4-Bismethanesulfonates of the Stereoisomeric 
Butanetetraols and Related Compounds 

Lco Pharinaceutzcul Prorliicts, Bailerup, Dmwirrk 

The synthesis uf the stereoisonieric bu t ,~ne- l ,2 ,3 ,~- tc t r~ol  1,~l-bisri ietl ianesulfi~ri~t~~ and wine of their cyclic, 
The preparation of L-threitol 1,4-bismethanesulfonate from I.( +)-tartaric acicl ncetals and ketals is described. 

:is starting material niakej this compound easily available for clinical evaluation. 

The synthesis and cytoactivity of D-mannitol 1 ,G-  
hismetliaiiesulfonate has led to  a more detailed investi- 
gation of methanesulfonated sugars and polyhydric 
alcohols which are considered water-soluble analogs of 
1 ,l-dimethaiiesulfoiiylosybutane (busulfan). - 

already briefly reported w4 synthesized the 1,1- 
~,i,metliaaesulfonates of the stereoisomeric 1,‘2,3.4- 
butanetetraols (1). 

(. €1 ~o?oC€I1CHOHCHoIICH,OS(),CH ~ I 
I , ( I ) ,  I l l  , I l 1 C 6 0 )  

\\’e suggested that these compounds, although identical 
with busulfan with respect to their chain length, might 
sliow an alkylating mechanism different from that of 
busulfan owing to  the hydroxyl groups in the a-position 
to  the sulfonyloxy group.  Furthermore, our interest 
in these compounds was based on the kiiown correla- 
tion in the busulfan series (CH3S020(CH2)2-,oOS02- 
(2113) betTveen chain length and both water-ether 
solubility ratio and the biological activity.5 In addi- 
tioii, it could be expected that the stereoisomers would 
1)c different iii their alkylation reactions in &o. 

111 continuation of our search we prepared certain 
cyclic acetals and ketals (1,3-dioxolanei) of I with thc 
purpose of obtaining substances for investigation as anti- 
caiicer agents. Such diosolaries may be regarded 
either a i  camouflaged 1,l-hismethanesulfonates of 
hiitaiietetraol with initially decreased water solubility. 
o i  alternatively, i~l ien no riiig hydrolysis is assumed, a+ 
~)ismetliLliiesiilfonates with a fixed distance between tlir 
alkylating groups. The latter assumption means that 
only the  compounds with ail erythro-, but not with a 
/lii.fo-coiifiguratioii, ha\ e tlie ability to react under 

cycloalkylatioii. aiid this is prored to he the nmiii 
reaction of busulfan i7i iiiuo.6 

Of course, both the solubility of these compoiiiidh and 
the stability of the ring will depend on the nature of the  
substituents originating from the aldehyde or ketoiir 
forming the basis for the dioxolaiie. IIoreoiw, t lw 
riiig formation should iiifluence the alkylatiiig p rop t~ -  
ties of these bisniethaiiesulfonates. 

Chemistry.--The synthetic routes for the preparat ioii 
of the stereoisomerir hismethaiiesulfoiiat-es I are sum- 
marized for the L-isomers Since no attack on t h c x  
asymmetric carbo11 atoms is in\ olved, the coiifiguiatioii 
of the compound is given hy that of the starting ma- 
terial. The  ring opening of the stereoisomeric 1,2 ::;,-& 
diepoxybutanes (1-11) with methanesulfonic acid I c- 
*lilted in yields of ca. 30% of the corresponding I wheii 

1 lie reactioii wah carried out in a diethyl ether-/-butyl 
alcohol mixture. I. Fiiig pure diethyl ether as thc solvt~iit 
only small quantities of nzeso-I were obtainable. ivliicl I 
is in agreement with receiitly reported results. 

The reaction of the stereoisomeric 1,l-dibronio- 
l?,,O-butanediols (VI) n itli silver methanesulfonate 
i n  boiling acetonitrile gave the corresponding 1 
in 30-40% yield. To dex-elop the preparation of I.-I 
on a larger scale aiid consequently to  make a clinical 
e\-aluatioii of the compound possible, the bynt hc 
\vas based on L(+)-tartaiic acid as an easily airails 
btarting material. Diethyl L-tartrate (11)) obtainetl 
from natural tartaric acid hy azeotropic esterjficatioii, 
x i s  converted into diethyl 2,3-O-isopropylidIcnr-I.- 
tartrate (111) by a11 acid-catalyzed reaction TI it11 ar(b- 
tone in 1ow boiling petroleum et her under simultaneol 
azeotropic iemoval of the reactiori water. T h  
procedure proved superior to  the previously described 
ketalizatioii with copper sulfate as a water-removing 
agent.‘ Compound I11 was then reduced with Li- 
.UH4 t o  2,3-0-isopropylidene-~-tlireitol (1Vj e s  Ketal 
hydrolysis n as avoided hy an alkaline isolation 

‘ 7 )  T Tsuziihi Bull ChLm bo< J a p a n  10, Liz (1835) ,  f K  J I 
’111~1 J\ B:irime.~r~en J In<  (‘hem Soc  , 63, 1653 (1941). 

5 )  7’11~ I)rrii iriLtioti i j f  I \  i io i i i  3 ? -O- i ao i ) ro~~~I idene -~ ,  inan 

I r r d ~  i t i d  i l  0 I 1 i s c h m  J l i n  


