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The synthesis of 1- [~-deoxy-~-(sarcosy~-~-sery~)amino-~-~-g~ucopyranosy~] cytosine (6a), an analog of gougero- 
tin, is described. Condensation of l-(4-amino-4deoxy-~-~-glucopyranosy~)cytos~ne (1 ) with N-Cbz-D-serine in 
aqueous acetonitrile in the presence of dicyclohexylcarbodiimide gave the 4’4-Cbz-seryl derivative 3a as the 
main product. Hydrogenation of 3a afforded the 4’-seryl nucleoside (4a) which was reacted with N-Cbz-sarco- 
sine. Detailed 
examination of the acid hydrolysate of 6a showed that little, if any, racemization of the seryl moiety occurred 
during the synthesis of 6a. The sarcosyl-D-alanyl (6b) and sarcosyl-n-phenylalanyl (6c) analogs were also syn- 
thesized using the active ester procedure. 

After removal of the Cbz group by reduction, 6a was obtained in -50% overall yield from 1. 

Previous reports from this laboratory described the 
syntheses of l-(4-amino-4-deoxy-~-~-glucopyranosylu- 
ronic acid)cytosine2 (C-substance) and 1-(4-amino-2,3,4- 
trideoxy-~-~-erythro-hex-2-enopyranosyl)cytosine,~ de- 
rivatives related to the nucleoside moieties of gougero- 
tin and blasticidin S.4 This paper deals with the syn- 
thesis of 1- [4-deoxy-4-(sarcosy~-~-sery~)amino-~-~-$~u- 
copyranosyl]cytosine (6a) and related derivatives as 
part of our program designed toward the total synthesis 
of these antibiotics and/or analogs thereof and their 
biological evaluation. 

The most direct approach to the synthesis of gouger- 
otin analogs (6) would be to link a protected sarcosyl- 
D-serine to  the 4’-amino group of the aminoglucosyl- 
cytosine (1). Both lert-butoxycarbonyl (Boc) and 
benzyloxycarbonyl (Cbz) derivatives of sa,rcosyl-r>- 
serine5 and their 0-acetyl derivatives, however, in our 
hands failed to condense with nucleoside 1 by use of a 
number of reported procedures including the dicyclo- 
hexylcarbodiimide’ (DCC), azide,* mixed anhydridelslg 
oxidation-reduction,’O and other methods. The sar- 
cosyl-D-serine derivatives failed even to form an active 
ester with p-nitrophenol, although 0-acetyl-N-Cbz- 
serine could be converted to its crystalline p-nitro- 
phenyl ester in good yield.’’ 

Reaction of 1 with 2 equiv of N-Cbz-0-acetyl-D- 
serine p-nitrophenyl ester (7a) in dimethyl sulfoxide 
(DMSO) (without base) gave the N,N’-disubstitut’ed 
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derivative (2a) in good yield. Treatment of crude 2a 
with Dowex-1 (OH-) selectively removed the seryl 
group on cytosine as well as causing de-0-acetylation 
of D-serine. After hydrogenolysis of the Cbz group, 
the desired D-seryl nucleoside (4a) was obtained. It 
was, however, very difficult to  purify 4a. The nmr 
of the crude product revealed contamination by alanyl 
derivatives. Apparently the acetoxy group was elim- 
inated during the Dowex-1 treatment introducing 
the CY-@ double bond which was reduced during de- 
benzyloxycarbonylation by hydrogenation. How- 
ever, application of this active ester procedure to N -  
Cbz-D-alanine and N-Cbz-D-phenylalanine gave the 
corresponding products (4b and 4c) in high yield and in 
pure state. Reaction of 4b and 4c with the p-nitro- 
phenyl ester of N-Cbs-sarcosine in DMSO followed by 
Dowex-1 (OH-) treatment and hydrogenolysis gave 
the corresponding dipeptidyl nucleosides (6b and 6c) 
in good yield. 

The main difficulty in the synthesis of the seryl nu- 
cleoside 3a is the protection of the hydroxyl group of 
the amino acid. With an 0-acyl protecting group 8ome 
p elimination always occurred. The 0-benzyl pro- 
tecting group also failed due to reduction of the 5,6 
double bond of cytosine during the subsequent reduc- 
tive debenzylation step. We found, however, that 
when N-Cbz-D-serine itself was treated with 1 and DCC 
in aqueous tetrahydrofuran (THF) or aqueous ace- 
tonitrile, the N-Cbz-D-seryl nucleoside (3a) was ob- 
tained together with a small amount of 2 (R = OH). 
Treatment of the mixture of 3a and 2a with Dowex-1 
(OH-) followed by hydrogenolysis gave pure D-seryl 
nucleoside (4a) in good yield. Reaction of 4a with 
N-Cbz-sarcosine and DCC resulted in the formation 
of N-Cbz-sarcosyl-D-seryl nucleoside (Sa) contami- 
nated with some N4-acylated material. Treatment 
of this mixture with Dowex-1 (OH-) followed by hy- 
drogenolysis afforded 1- [4-deoxy-4-(sarcosyl-~-seryl)- 
amino-~-D-glucopyranosy~]cytosine (6a) as colorless 
microcrystals in -50% overall yield from 1. (Com- 
pound 6a differs structurally from gougerotin only by 
the presence of a 5’-hydroxymethyl group instead of a 
5’-carboxamide function). The uv spectrum of 6a as 
a function of pH is similar to that for cytidine, show- 
ing that the amino group of the aglycon is unsubsti- 
tuted. The ir spectrum showed the absence of an ester 
linkage, thus ruling out the possibility of a linkage of 
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the amino acid to any hydroxyl group. The nmr spec- 
trum was also consistent with structure 6a. Acid 
hydrolysis (6 W HC1) of compound 6a according to 
Iwasaki12 gave the amino nucleoside 1, sarcosine, and 
D-serine. The D-serine was isolated in crystalline form 
and characterized by pa,per chromatography, melting 
point, and optical rotation. The mother liquors from 
the D-serine crystallizations were combined and sub- 
jected to preparative paper chromatography. The 

(12) H. Iwasaki, Yakuyaku  Zasrhi, 82, 1361 (1962). 

optical rotation obtained for the serine was - 13' (lit.12 
-14'), clearly indicating that very little, if any, race- 
mization of the D-seryl moiety had occurred during 
the synthesis of 6a. 

Upon completion of these studies, we noted a recent 
communication by Lichtenthaler, et al., l3 describing 
the synthesis of 6a in 40% yield by coupling 1 with N -  
Boc-sarcosyl-D-seryl azide in DMF followed by tri- 
fluoroacetic acid treatment. The physical constants 
given by these authors13 [decomposition above 155', 
[ a I z 3 ~  +5" (c 0.6, HzO) 1, however, differ appreciably 
from those obtained in our preparation of 6a [decom- 
position at  210-250') [ a ] " ~  4-44" (c 0.6, H20)],  sug- 
gesting that their D-seryl moiety may be racemized. 
However, we have also prepared a paper chromato- 
graphically homogeneous, solid sarcosyl-DL-seryl nu- 
cleoside from racemic serine by the same method used 
for our synthesis of 6a. This diastereoisomeric mix- 
ture again showed different physical properties [de- 
composition at  172-189', [ a I z 3 ~  4-11" (c 0.8, HzO)] 
from their material. Since they13 gave no other phys- 
ical constants or other supporting evidence, it is diffi- 
cult t o  rationalize their data with compound 6a. In- 
deed, as stated above, in our hands we could not iso- 
late the desired product from the condensation of 1 
and N-Boc- or N-Cbz-sarcosyl-D-seryl azide in various 
solvents or solvent systems. It should be noted that 
the azide procedure is known14 to produce side products. 

We have also prepared 6a by the active ester pro- 
cedure and purified it by preparative paper chroma- 
tography. Nucleoside 6a thus prepared possessed a 
smaller optical rotation ( [ a I z 3 ~  4-33") than that ob- 
tained above by the DCC method ( [ a I z 3 ~  +44'), which 
may indicate some racemization of the D-seryl moiety 
in this preparation. Acid hydrolysis (6 N HC1) of 
the sarcosyl-D-alanyl derivative (6b) prepared by the 
activated ester process, however, gave D-alanine in- 
dicating that little racemization, if any, occurred with 
this derivative. We assume also that the sarcosyl-D- 
phenylalanyl analog (6c) prepared by the same pro- 
cedure is essentially optically pure. Apparently, the 
seryl derivative 6a shows greater tendency toward race- 
mization than the alanyl derivatives when the acti- 
vated ester procedure is employed. 

Experimental Section 
Elemental analyses were performed by Spang Microanalytical 

Laboratory, Ann Arbor, Mich., and by Galbraith Laboratories, 
Inc., Knoxville, Tenn. Melting points are corrected. Nmr 
spectra were taken on a Varian A-60 spectrometer. Samples for 
elemental analyses were dried m oucuo a t  78" for ca. 24 hr unless 
specified otherwise. The presence and quantity of solvent of 
crystallization (other than water) were determined by nmr. 
All compounds with analyses described below contained water, 
as shown by nmr. A quantitative estimate of the amount of 
water of crystallization was deduced from the elemental analyses. 

1- [4-Deoxy-4- (~v-benzyloxycarbony1-D-alanyl)amino-p-D-g1uco- 
pyranosyl]cytosine (3b).-A mixture of lz (272 mg, 1 mmol) 
and the p-nitrophenyl ester of S-benzyloxycarbonyl-D-alanine 
(7b, 688 mg, 2 mmol) in DMSO (2 ml) was stirred for 20 hr a t  
room temperature. Methanol (10 ml) and then ether (200 ml) 
were added to themixture, which was stirred for 1 hr. The super- 
natant was decanted and the gummy residue was washed with 
ether (three 30-ml portions). The gummy residue (2b, A?:" 

(13) F. W. Lichtenthaler, G. Trummlitz, G. Bamback, and I. Rychlik, 
Angew. Chem., Int. Ed. Engl., 10, 334 (1971). 

(14) E. Sohroder and K. Lubke, "The Peptides," Vol. 1, Academic Press, 
Angew. Chem., 83, 331 (1971); 

New York, N.  Y.,  1965, p 83. 
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303 and 249 mp, A::,"" 275 and 227 mp) was stirred with Dowex-1 
(OH-) (4 g)  in methanol (150 ml). As soon as uv absorption 
a t  303 mp disappeared, the resin was removed and washed several 
times with methanol and water. The combined filtrate and 
washings were concentrated to  dryness to  give crude 3b (322 mg, 
67%), which on crystallization from water gave a white powder: 
mp 190-194' dec; [ a I z 3 ~  $24" ( c  1.2,5, 66% ethanol); uv 
267, 237, A;:""' 252, 228, A;:,' 277, A;:"' 240 mp; nmr (D20) 
H-6, 6 7.74 (1 H ,  d) ,  benzyl 7.44 (n 13, s), H-5, 6.12 (1 H ,  d) ,  
H-1', 5.73 (1 H,  d) ,  benzyl CH,, 5.17 (2 H ,  s), alanine CH, 4.22 
(1 H,  q) ,  alanine CH3, 1.46 (3 H ,  d) .  

Anal. Calcd for CQiHziNsOs*H20: C, 50.91; H, 5.89; 
S ,  14.13. Found: C,  50.44; H, .i.89; N,  14.06. 

1- [4-Deoxy-4-(~-a~any~)amino-p-~-g~ucopyranosy~] cytosine 
(4b).-A solution of 3b (1.6 g)  in 507, ethanol was hydrogenated 
over 10% palladium on carbon catalyst (100 mg) for 15 min with 
an initial pressure of ca. 2 atm. Filtration from the catalyst and 
subsequent concentration of the filtrate gave a white powder, 
which was purified by reprecipitation from hot ethanol and 
ethanol (1.03 g, 79%): mp 233-240' dec; [cy]% +22" (c 
1, H20); nmr (1I2O) H-6, 6 7.70 (1 IS, d) ,  H-5, 6.07 (1 H,  d) ,  
11-l', 5.66 (1 H,  m), alanine CH,, 1.23 (3 H ,  d) .  

Anal. Calcd for C13H2~06~5"/2C21S60H'€~20: C ,  43.74; 
H,6.X2; X,  1S.22. Found: C, 43.46; H,6.35; N ,  18.47. 

1- [4-Deoxy-4-(;\r-benzyloxycarbony~sarcosyl-~-alanyl)am~no-~- 
~)-glucopyranosyl] cytosine (5b).-The procedure described for 
3b wah followed miiig 4b (343 mg, 0.89 mmol) and N-benxyloxy- 
carhonylsarcosine p-riitrophenyl esteri4 1688 mg, 2 mmol) in 
1)MSO (1 ml). After treatment of the crude condensation 
product with Dowex-1 ( O W ) ,  the colorless powder was crystal- 
lized from ethanol (300 mg, ,5S% dried a t  100' for 24 hr in 
vacuo): mp 210-2i2"; [ a ] 2 3 ~ )  +33" (c 0.6, 66% ethanol); 
nmr (pyridine-d5-Dz0) H-6, 6 7.68 (1 H,  d) ,  benzyl, 7.38 (3 H ,  
s), H-l',  6.40 (1 11, d) ,  H 4 ,  6.03 (1 H ,  d ) ,  benzyl CH,, 5.25 
(2 K,  s), SCH3, 3.10 (3 H ,  s), alanine CHI, 1.66 (3 H ,  d) .  

Anal. Calcd for C24H3209?;6.2H20: C, 49.31; H,  6.21; K, 
14.315. Found: C,49.17; H,6.09; N, 14.48. 

1- [4-Deoxy-4- ( sarcosyl-D-alany1)amino-p-D-glucopyranosyl] cy- 
tosine (6b).-Compound 5b (300 mg) in 50% ethanol (50 ml) 
was hydrogenated over 10% palladium on carbon (50 mg) for 
-5 min a t  the initial pressure of ca. 2 atm. The compound ob- 
tairied was purified by reprecipitation from hot methanol and 
et'hanol: 200 mg (8.i%, after drying a t  64" in vacuo for 24 hr) ;  
mp 93-05" dec; [ a ] 2 3 ~ ,  +33" (c 1, H,O); nmr (DzO) H-6, 6 
7.76 (1 IS, d ) ,  H-3, 6.08 (1 H ,  d) ,  H-l ' ,  5.68 (1 H, m) ,  NCH,, 
2.40 (3 H ,  s) ,  alanine CH,, 1.42 (3 H ,  d) ;  uv Ai::' 267, 235, 
X;Y,,' 253, 223, 

Anal. Calcd for C,61S2607~fis  1/2CzH;OH. l1/zH2O: C, 43.96; 
IS, 6.94; N, 18.09. Found: C,44.08; H,6.39; N,  17.70. 

1- [4-Deoxy-4- (~J7-benzyloxycarbonyl-u-phenylalanyl)amino-p-~- 
glucopyranosyl] cytosine (3c).-Compound 1 (1.36 g, .i mmol) 
and ~~'-benzyloxycarbonyl-~-pheny~alanine p-nitrophenyl est,eri6 
(4.2 g, 10 mmol) in IlM80 (10 ml) were treated in the same man- 
lier as 3b. The product obtained was recrystallized from meth- 
niiol aiid dried a t  100" for 24 h r i n  UUCZLO (2.4 g, 827, ) :  mp >300'; 
[01]*~1) +20" ( c  0.6, 6674 ethanol); nmr (DMSO) 11-6, 6 7.66 
(1 11, d) ,  aromatic, 7.28 (10 H ,  s), 13-3, 5.78 (1 H,  d) ,  H-l ' ,  
3.,56 (1 H ,  d) ,  benzyl CHI, 4.96 (2 13, 8). 

Anal. Calcd for CZ7HS1O8Nj.H20: C ,  56.26; H ,  3.78; 
N, 12.28. Found: C, 36.14; H ,  5.81; N ,  12.2-5. 

1- [4-Deoxy-4- (D-pheny~alany~)amino-~-n-glucopyranosyl] cyto- 
sine (4c).-Compound 3c (1.3 g)  was hydrogenated in the 
usual manner in the presence of 107, palladium on carbon. 
Compound 5c (890 mg, 88%) was obtained as a white powder: 
mp 263-264" (sintered a t  183-189'); [aIz3D +13" ( C  1, HzO); 
nmr (DMSO) H-6, 6 7.62 (1 H,  d) ,  aromatic, 7.25 (5 H ,  R ) ,  
H-5,5.78 (1 H ,  d) ,  H-l ' ,  5 .55  (1 H,  d) .  

Anal. Calcd for C,gH2j06X6~11/2H20: C,  51.12; H ,  6.32; 
N, 15.69. Found: C, 50.80; H,6.08; iY, 15.58. 

1- [4-Deoxy-4-(N-benzyloxycar bonylsarcosyl-~-pheny~alany~)- 
amino-p-D-glucopyranosyl] cytosine (5c) .-From 418 mg of 4c 
arid G,Y8 nig of i!'-benzyloxycarbonylsarcosine p-nitrophenyl 
ester, 431 nig of 5c (70%) was obtained as a white powder: mp 
243-227' dec; [ a ] ~  +13" (c 0.5, 66%, ethanol); nmr (DMSO) 
H-6, 6 7.62 (1 I-I, d) ,  aromatic 7.33 and 7.23 (t'otal 10 H ) ,  H-5, 

273 ,  AiY,,' 240 mp. 

(15) T. Yusupov, A. R.  Zegelman, L. Radzhabov, and K. T. Poroshin, 
D o k l .  A k n d .  S a u k  Tadzh  SSR ,  11, 2 2  (1968); Chem. Abstr . ,  70,  115545~ 
(1969). 

5.77 (1 H, d) ,  H-l', 5.52 (1 I T ,  d), benzyl CH2, 5.03 (2 H,  s) ,  
NCHz, 2.72 (3 H ,  s) .  

Anal. Calcd for C ~ O H & N B . ~ ~ / Z H Z O :  C, 55.29; H ,  6.03; 
?$, 12.89. Found: C,55.57; H,5.52; N, 12.97. 

1- [4-Deoxy-4-(sarcosyl-~-phenylalanyl)amino-p-~-glucopyran- 
osyllcytosine (6c).-Hydrogenation of compound 5c (351 mg) 
gave 242 mg of 6c (84%) which was crystallized from 2-pro- 
panol-ethanol (1: 1). After i t  had been dried a t  100" in vacuo 
for 24 hr, 6c had mp 221-231" dec (sintered a t  116'); [ a I z 3 ~  
+19" (c 1, HzO); nmr (DMSO) H-6, 6 7.66 (1 €I, d) ,  aromatic 
7.28 (5 H,  s),  H-5, 5.81 (1 H,  d) ,  H-l ' ,  5.55 (1 H, m), NCH,, 
2.25 (3 H ,  s) .  

Anal. Calcd for CZ~H~OO?NA.'/ZC~H,OH.H~O: C, 52.41; 
H,6.73; N, 15.60. Found: C,52.07; H ,  5.95; N ,  15.69. 

N-Benzyloxycarbonyl-D-alanine p-Nitrophenyl Ester (7b).- 
The compound wab prepared from   be benzyl oxy carbonyl-^- 
alanine and p-nitrophenol in 83% yield by the method of Marchi- 
ori, et al.,I6 mp 77-78', [ a I z 3 D  +54" ( c  0.8, 66% ethanol). (The 
~ i s o m e P  hadmp 77-78', [ a ] " ~  -41O.) 

1- [4-~eoxy-4-(~~-benzy~oxycarbony~-~-sery~)amino-~-~-g~uco- 
pyranosyl]cytosine (3a).-To a mixture of compound 1 (1.36 
g, 5 mmol) and 1%'-benzyloxycarbonyl-D-serine (2.2 g, 9 mmol) 
in water (2 ml) was added DCC (2.2 g) in acetonitrile (10 ml) 
and the solution wa5 stirred for 20 hr a t  room temperature. Di- 
cyclohexylurea was filtered and washed with 50% aqueous meth- 
anol (50 ml). The combined filtrate and washings were stirred 
with Dowex-1 (OH-) (20 ml) for 10 rnin and filtered. The 
filtrate was stirred with Amberlile IRC-50 (H+) for 30 min, 
filtered, and washed with 30% methanol. The combined filtrate 
and washings were evaporated to  ca. 75 ml and left overnight a t  
room temperature. The precipitate (probably Aj'-Cbz-D-seryl 
dicyclohexylurea according to nmr and ir) was filtered and the 
filtrate was evaporated to dryness. The residue was coevap- 
orated several times with ethanol until colorless microcrystals 
were obtained: 1.78 g (71%); mp 166-170"; [ a ] ~  +27" (0.9, 
1:2 EtOH-H20); nmr (DMSO) H-6, 6 7.70 (1 H,  d) ,  aromatic, 
7.38 (5 H ,  s ) ,  H-5, 5.95 (1 H,  d ) ,  H-l ' ,  5.60 (1 H ,  d) ,  benzyl 

Anal. Calcd for CZ~H~~ODN;"~O:  C, 49.31; H ,  5.71; 
N,  13.69. Found: C,49.58; H ,  5.55;  N ,  14.23. 

1- [4-DeOXy-4-(D-Seryl)aminO-~-D-glUCOpyranOSyl] cytosine (4a). 
-Compound 3a (1.41 g) was dissolved in a mixture of water (45 
ml) and ethanol (10 ml) and the mixture was shaken for 15 min 
in a hydrogen atmosphere (initial pressure of about 2 atom) in 
the presence of ca. 250 mg of 10% palladium on carbon. The 
catalyst was filtered and washed with water. The combined 
filtrate and washings were evaporated to  dryness. The residue 
was treated with hot ethanol for 10-15 rnin until microcrystals 
were obtained; yield 960 mg (96%). The compound did liot 
have a definite melting point but browned a t  243' and decom- 
posed :it 271-274': [a]u +29" (0.8, H20) ;  nmr (DzO) H-6, 
6 7.73 (1 H, d) ,  H 4 ,  6.08 (1 H ,  d) ,  H-l ' ,  5.68 (1 H,  d) .  

Anal. Calcd for C13H2107iY,.1/2H20: C, 42.39; H ,  6.02; 
N,  19.01. Found: C,42.13; H,5.79; N ,  18.78. 

1- [4-Deoxy-4-(i\r-benzyloxycarbonylsarcosyl-~-sery~)am~no-p- 
u-glucopyranosyl] cytosine (5a).-Compound 4a (720 mg, 2 
mmol) was treated with A'-benzyloxycarbonylsarcosine (890 
mg, 4 mmol) and DCC (880 mg) in a mixture of water (1.5 ml) 
and aretonitrile (6 ml) for 20 hr. Dicyclohexylurea was filtered 
and washed with 3.7 methanol-water (50 ml). To the filtrate 
and washings was added acetonitrile (ca.  ln5 ml) nntil a clear 
solution was obtained. Dowex-1 (OH-) ( 5  ml) was added to  
the solution and stirred for 5 min and the resin was washed with 
3:7 methanol-water (25 ml). The combined filtrate and 
washings were treated with Amberlite IRC-50 (H') (10 
ml) for 15 rnin and filtered. The filtrate was evaporated 
to  dryness and the residue was partitioned between water 
(70 ml) and chloroform (30 ml). The insoluble solid and 
chloroform layer were discarded. The aqueous layer was 
evaporated and the residue was co-evaporated with ethanol 
until colorless microcrystals were obtained. The yield of the 
product was 784 mg (717,): mp 163-166" (eff without coloring) 
and dec 236-239"; [ a ] ~  +35' (c 1.1, 1:2 EtOH-HZO); nmr 
(DMSO) H-6, 6 7.63 (1 H ,  d), aromatic, 7.35 (5 H ,  s), H-5, 5.80 
(1 H,  d) ,  H-l', 5.57 (1 H,  d), benzyl CH,, 5.07 (2 H ,  s), NCHa, 
2.88 (3 H ,  s). 

Anal. Calcd for C ~ ~ H , , O , ~ ~ ~ ~ . ~ / Z C ~ H ; O H .  11/zH20: C, 48.85; 
H ,  6.23; N ,  13.67. 

1- [4-Deoxy-4- (sarcosyl-D-sery1)amino-p-D-glucopyranosyl] cy- 
tosine (6a).-Compound 5a (400 mg) was dissolved in 1:3 

CHy, 5.10 (2 H ,  s) .  

Found: C ,  49.13; H ,  6.31; N,  13.91. 
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ethanol-water (40 ml) and hydrogenated in the presence of ca. 
200 mg of 10% palladium on carbon catalyst for 15 min with the 
initial pressure of about 2 atm. The catalyst was filtered and 
washed with water. The combined filtrate and washings were 
evaporated to dryness, and then the residuewas evaporated several 
times with ethanol until colorless microcrystals were obtained. 
After drying overnight a t  78' in vacuu, 287 mg (92%) of product 
was obtained: mp 136' (sintered) 210-250' dec; [ a ] D  +44" 
(c 0.6, H,O), nmr (D20) H-6, S 7.77 (1 H,  d) ,  H-5, 6.03 (1 H,  d),  

A n a l .  Calcd for C&&?J~.H,O: C, 42.86; H ,  6.29; PI', 
18.74. Found: C,43.13; H,6.36; N,  18.73. 

1- [4-Deoxy-4- (sarcosyl-~~-seryl)amino-~-~-glucopyranosyl] - 
cytosine [mp 172-189' dec, [aIza~ +11" ( c  0.8, HzO)] was syn- 
thesized from 1, iC'-Cbz-DL-serine, and N-Cbz-sarcosin by the 
same procedure used for the preparation of 6a. 

Hydrolysis of Compound 6a and Isolation of D-Serine.- 
Compound 6a (980 mg) was dissolved in 6 N HCl (50 ml) and 
refluxed gently for 24 hr. After concentration in vacuo the 
residue was taken up in water (50 ml) and passed through a 
column of Dowex-1 (OH-) (2.6 X 9.6 cm). The column was 
washed with water (2 1.) to remove compound 1. The amino 
acids were eluted from the column with 1 A' HC1 (100 ml). The 
acid eluate was evaporated to dryness and the residue was dis- 
solved in a small amount of water and passed through a column 
of Amberlite IR-45 (OH-) (2.6 X 10 em) to remove hydrogen 
chloride. The column was washed with water (200 ml) and the 
effluent was evaporated to dryness. Crude n-serine (106 mg) 
was crystallized from the residue from methanol (5  ml). One 
recrystallization of the crude product from water-ethanol gave 

H-1', 5.67 (I H ,  d), NCHI, 2.79 (3 H ,  s). 

colorless needles: mp 216-217" dec; [ c Y ] ~ ~ D  +7" (c 1, H20); 
[CY] 2 8 ~  - 14" (c  0.9, 1 N HC1). The authentic n-serine, mp 214- 
215' dec, showed the identical optical rotations under the same 
conditions. 

Both the methanolic and water-ethanol mother liquors of the 
crystallizations were combined and applied to two sheets of 
Whatman #1 paper (46 x 57 cm) and developed with 88% phenol. 
The serine bands were extracted with water and evaporated to 
dryness. The residue (34.7 mg) showed [ c Y ] * ~ D  -13" (c 0.9, 
1 iV HC1). 

Degradation of Compound 6b and Characterization of D- 
Alanine .-Compound 6b (890 mg) was hydrolyzed and D-alanine 
was obtained after essentially the same processing for the iso- 
lation of D-serine from compound 2a. The crude residue from 
the Amberlite IR-45 column was taken up in 3 ml of water and 
applied to two sheets (46 X 57 cm) of Whatman #l paper, de- 
veloped with 88% phenol, and the alanine bands were eluted 
with water and evaporated to dryness. The residue (125 mg) 
had [CY]D -10" (c  1, 6 J HC1). One recrystallization of the 
crude sample gave pure D-alanine (65 mg), [ a ] ~  -12' (c  1, 
6 N HC1). 

Registry No. -3a, 33780-67-5 ; 3b, 33780-68-6; 
3c, 33780-69-7; 4a, 33780-70-7; 4b, 33780-71-1; 4c, 
33780-72-2; 5a, 33780-73-3; 5b, 33780-74-4; 5c, 
33780-75-5; 6a, 31883-24-6; 6b, 33780-77-7; 6c, 
33780-78-8; ~-[4-deoxy-4-(sarcosy~-~~-sery~]amino-~-~- 
glucopyranosyl]cytosine, 33780-79-9; D-serine, 312- 
84-5; n-alanine, 338-69-2. 
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Reaction of 1,4-~yclohexadiene dioxide (cis-trans mixture) with sodium benzylmercaptide gave a mixture from 
which were isolated three of the four expected isomers of dibenzylmercaptocyclohexanediol. The two possible 
structures for each product were 4,6-dibenzylmercapto-1,3-cyclohexanediol (2) and 2,5-dibenzylmercapto-1,4- 
cyclohexanediol (4). For each structure, one meso and one DL diastereomer (12 and 8, or 9 and 10) would be pre- 
dicted. For the molecules of either meso isomer, only one (tetraequatorial) chair conformation (14 or 16) is pre- 
dicted. The DL isomer molecules, however, should each be diaxial-diequatorial (13a or 15a) and readily trans- 
formed by ring inversion into alternate chair conformations (13b or 15b) indistinguishable from the original. 
This analysis permitted nmr spectral assignments based on (1) presence of time-averaging effects (DL isomers 
only); (2) equivalence between corresponding methylene protons at positions 3 and 6 (para isomers only). The 
assignments are para-DL (14/25), mp 92"; para-meso (15/24), mp 158"; m e t a m  (14/36), mp 109'; meta- 
meso (13/46), unknown. The mp 109' isomer identity was confirmed by chemical correlation with the known 
trans-1,3-cyclohexanediol. 

We wish to report nmr configurational proofs for 
the family of four trans-trans dioldithiols which are 
analogous to  1,2,4,5-~yclohexanetetrol and derived from 
1,3- or 1,4-~yclohexanediol (see formulas 8, 9, 10, and 
12, Scheme I). This family of structural and stereo- 
isomers provildes an interesting example of nmr con- 
figurational assignments based on conformational anal- 
ysis and nrnr spectroscopy. A similar study on the 

(1) Presented to the Division of Organic Chemistry at the 159th National 
Meeting of the American Chemical Sooiety, Houston, Texas, Feb 1970. 

( 2 )  (a) Paper XXXVIII  on Alicyclic Carbohydrates; for paper XXXVII ,  
see iX. Kurihara, Y .  Sanemitsu, M. Nakajima. G. E. hIcCasland, and L. F. 
Johnson, AQT. Bzol. Chem., 86, 71 (1971). For paper XXXVI,  see G. E. 
McCasland, M. 0. Kaumann, and Lois J. Durham, J .  Org. Chem., 84, 1382 
(1969). (b) For preceding publicatlon on thio carbohydrates, see G. 
E. McCasland and A. B. Zanlungo, Carbohyd. Res., 17, 475 (1971). (0) 
For preceding paper on (nonalicyclic) carbohydrates, see A. E. Lipska and 
G. E. McCasland, J .  A p p l .  Polym. Set., lS, 419 (1971). 

(3) TO whom correapondence should be addressed a t  the University of 
San Francisco. 

(4) Stanford University. 

parent, tetrols was previously reported by one of  US.^ 
Although only the di-S-benzyl derivatives were actu- 
ally examined, t'he structures and configurations of the 
parent dioldithiols can now be easily est'ablished by 
simple chemical correlations.6 

The synt'hetic and nmr studies here reported are part 
of a program for preparation of cyclitols and other car- 
bohydrates' in which most, or all of the oxygen functions 
will be replaced by sulfur functions (see Acknowledg- 
ment). zb 

( 5 )  For studies on the 1,2,4,5-cyclohexanetetrols, see 0. E. McCasland, S, 
Furuta, L. F. Johnson, and J. S.  Shoolery, J .  OTO. Chem., 28, 894 (1963). 

(6) A benzylmercaptocyclohexane is easily converted t o  a mercaptocyclo- 
hexane, with retention of configuration, by reaction with sodium in liquid 
ammonia. See G. E. McCasland, 8. Furuta ,  and A. Furst ,  ibid., 29, 724 
(1964), for application of this reaction t o  mercaptodeoxyinositol derivatives. 

(7) A report on sulfur analogs of D-iditol and n-mannitol was presented by 
G. E. McCasland and A. B. Zanlungo to  the Division of Carbohydrate 
Chemistry a t  the 160th Kational Meeting of the American Chemical Society, 
Chicago, Ill., Sept 1970. See also G. E. RlcCasland and A .  B. Zanlungo, 
Carbohyd. Res. ,  17, 475 (1971). 


