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or-Aminomethylpyrazine (IV). —A mixture of 15 g (O.OG mole) 
of V and 600 ml of 5 N XaOH was refluxed 1 hr. The solution 
was cooled to 10° and extracted with fifteen 50-ml portions of 
CIIC1.,. The CIIC13 extracts were combined and dried (XaaSO,,) 
and the CHC13 was removed under vacuum. The residual oil 
was distilled at 87-88° (3 mm) to yield 4.43 g (04.7f!, ) of a color
less liquid, which rapidlv turned vellow on standing in the air. 
Anal. (C,-,H,XS) C, II, X. 

Reaction of a-Aminomethylpyrazine (IV) with Ethylene 
Oxide.—To 30.01 g (0.028 mole) of IV cooled to 0° was added 
2.73 g (O.0G2 mole) of liquid ethylene oxide. The reaction flask 
was sealed and the contents were allowed to stand at room tem
perature for 24 hr. The brown viscous oil was fractionally dis
tilled to yield four fractions: fraction 1, bp 80-81° (3 mm), was 
1.00 g of IV; fraction 2, bp 102-104° (0.1 mm), afforded 1.14 g 
(42.3':,', calculated on the basis of reclaimed IV) of I I ; fraction 
3, a crude intermediate fraction (0.22 g), bp 104-140° (0.1 mm): 
fraction 4, bp 140-141° (0.1 mm), yielded 0.93 g (26.8 r ; , cal
culated on the basis of reclaimed IV) of I I I . 

2-(2-Chloroethyl)aminomethylpyrazineDihydrochloride (VI). 
To 0.86 g (0.0037 mole) of II-2HC1 was added 5 ml of SOOb. 
After standing at 40° for 15 hr, the reaction mixture was allowed 
to cool, treated with 50 ml of Et»0, and filtered. The solid was, 
dissolved in MeOII and treated with decolorizing carbon, and 
the hydrochloride precipitated with Mc.CO; it consisted of 0.74 
g (79.5rv) of a light green solid which did not melt below 340°. 
While flakes, melting above 340° dee, were obtained bv re-
crvstallization from MeOII-MeoCO. Anal. (C-HpCbX^ C, H, 
CI, X. 

The compound proved to be inactive* (T/C = '.)]'/', at 12 
mg/kg) against the 5WA Walker 256 animal tumor screen. 

. I) Screening results were supplied by the CCXSC of tlie National Insti
tutes of Health. 
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A number of nucleosides have been reported which are derived 
from disaccharide sugars. The synthesis of these nucleosides 
was achieved by coupling of the acetylated bromides or chlorides 
of lactose,2'3 cellobiose,3'4 and maltose4 with the heavy metal salts 
of purines or pyrimidines. In one case, that of melibiose,6 it 
was found advantageous to use benzoyl blocking groups instead 
of acetyl groups in order to protect the 1-M5 bond of this di
saccharide from cleavage during bromination. Especially ex
citing from a medicinal viewpoint has been the discovery that 
the antibiotic, amicetin, is a nucleosidic substance containing a 
disaccharide moiety.6 The present report describes the first 
synthesis of a 2-deoxy disaccharide nucleoside, 9-(2-deoxycelIo-
biosyl)adenine [9-(4-0-(3-D-glucopyranosvl-2-deoxy-D-ara6?'no-
hexoDyranosyl)adenine]. The synthetic route used was based 
on the one reported by DavoII and Lythgoe7 for the preparation 
of 7-(2-deoxy-D-ribopyranosyl)theophylline from diacetyl-D-
arabinal. 

Experimental Section 

Ilexa-O-aeetylceUobial9 [3.0 g, 5.35 mmoles, mp 132°, [a]"o 
- 2 1 ° (c 1.4, CFICI3)J was dissolved in 30 ml of Xa-dried Celle 

(1) Supported by Grant Xo. T-442 from the American Cancer Society 
(2) M. L. Wolfrom, P. McWain, F. Shafizadeh, and A. Thompson, J. Am. 

Chem. Soc, 81, 6080 (1959). 
(3) C. Stevens and P. Blumhergs, J. Org. Chem., 30, 2723 (1965). 
(4) M. L. Wolfrom, P. McWain, and A. Thompson, J. Am. Chem. Soc, 

82, 4353 (I960). 
(5) L. M. Lerner, J. Org. Chem., 32, 3663 (1U67). 
((>) C. Stevens, K. Xagarajan, and T. II. Haskell, ibid.. 27, 2991 (1962). 
(7) .1. Davoll and B. Lythgoe, J. Chem. Soc, 2526 (1949). 
(8) Elementary analyses were performed by the Spang Microanalytical 

Laboratory. Melting points are corrected. 
(9) \V. X. Haworth, E. L. Hirst, L. Streight, II. II. Thomas, and J. Webb, 

J. Chem. Soc. 636 (1930). 

and the solution was chilled in an ice bath. Dry HC.'l gas was 
passed into the solution for 0 5 hr. C8U6 was evaporated tit. a 
bath temperature of o0° and fresh, dry CJIr, was added and 
evaporated several times in order to remove traces of IIC1. 
The residual syrup was dissolved in 75 ml of dry xylene and added 
to an azeotropically dried refluxing mixture of 6-benzamidochloro-
merctiripurine10 (2.53 g, 5.35 mmoles), 2.5 g of Celite-545, 5 g 
of .Molecular Sieve 4A, and 275 ml of xylene. The mixture was 
refluxed for 1 hr, the solids were removed by filtration, and the 
filter cake was washed with 100 m! of warm OIICl3. The solvents 
were removed by evaporation, the residue was dissolved in 125 
ml of CHCIs, and the CIICL. solution was washed twice with 1(10-
ml portions of 30r, ' aqueous KI and once with 200 ml of 1M). 
The solution was dried (AlgSO.t) and after evaporation of the 
CTICI3 a dark foam was obtained which weighed 4.S g. 

The foam was dissolved in CIIC13 and applied to the top of a 
column containing 50 g of silicic acid (Mallinckrodt, 100 mesh, 
activated at 100° for 24 hr). OHC'b (375 ml) was passed through 
the column and discarded. Elufion with 300 ml of CIK 'b-
MeOII (99: 1 v.'v! followed by 300 ml of a 07:3 v/v mixture of 
the same solvents yielded 3.66 g of a clear, slightly yellow syrup 
which was not homogeneous when ehromatographod on tic 
plates.11 The blocking groups were removed by refluxing for 1 
lir in 1)0 ml of 0.1 A" methanolic XaOCIL solution. The solution 
was neutralized t'AcOIT) and evaporated to dryness. The 
gummy residue was dissolved in hot AleOTl with the aid of a 
few drops of ILO. Acetone was added to incipient turbidity, 
heat from a steam bath was applied to just, clarify it, and the 
flask was placed in a refrigerator for several days. A tan ma
terial weighing 650 mg was obtained, mp 165-170°, [a]"n +53° 
(.'<: 0.76, TI50). Hecrystallization from the same solvent mixture 
with a prior charcoal (Dareo G-00) treatment gave a white solid. 
One more recr\>taIlization, this lime from M-Bu()H- ILO, for 3 
days in the refrigerator yielded the analytical sample as clear, 
colorless crystals, mp 175-17!)° (to an exttemely viscous liquid): 
lnl5!n +41° (c 0.61, I1.20); uv spectrum, X'm",' 257 nut (e 13,040). 
\"t 259 m,u U 13,250), K"™ 259 m? (e 13,650). This material 
migrated as homogeneous spots on tic plates,11 A'A.I 1.26 in 5 r) 
aqueous XaJlPO,, and 0.23 in n-HuOH-11,0 (86:14 v/v). 

Anal. Calcd for C„II2,-,N
T

6Oi,: C, 46.05; If, 5.6S; X, 15.05. 
Found: C, 46.34; H, 5.79; X, 15.65. 

An attempt was made to elucidate the configuration of tin-
nucleoside by nnir spectroscopy,12 but the results were not con
clusive and the configuration remains undesignated. 

HO) .1. Davoll and B. A. Low.v, ./. Am. Chem. Sue. 73, 1650 111151). 
(1 1) Tic plates uere prepared from silica gel III" (I". Merck, AG. Darm

stadt) as 0.25 mm thick layers. Spots were visuali/.ed with an ultraviolet 
lamp and [he homogeneity of the materia! was checked by the chromic acid 
charring method. R\.\ 1.00 (of adenine). 

(12) Obtained by Dr. Harry Agahiglan oi tile Baron Consulting Co. 
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Pursuant to our interest in the pharmacological activity of new 
1,4-benzodiazepines1 and specifically of aminoalkyl-subst.itut.ed 
benzodiazepines,2 we have prepared some tetrahydropyrimido-
[l,2-a][l,4]benzodiazepines3.4 (3) Table I) and 8-chloro-6-(2-
fluorophenyl)-l,2-dihvdro-4H-imidazo[l,2-a] [1,4]benzodiazepine 
(4). _ J_ 

(1) Paper XXXVIII . M. K. Derieg, li. I. Fryer, and L. II. Sternbach. 
,/. Chem. Soc, in press. 

(2) L. H. Sternbach, G, A. Archer, J. V. Eariey, R. I. Fryer, E. Recder, 
X. Wasyliw, L. O. Randall, and R. Banziger, J. Med. Chem., 8, 815 (1965). 

(3) R. I. Fryer, B. Brust, J. V. Eariey, and L. H. Sternbach, ibid., 7, 386 
(1984). 

(4) See for example, G, I. Glover, R. B. Smith, and II. Rapoport, J. 
Am Chem. Soc. 87 2003 (1965) 
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TABLE I 

1-SUBSTITUTED 1,4-BENZODIAZEPINES 

CH2CH2CH2 CI 
,0 

petroleum ether (bp 30-60° 
results were obtained for the elements indicated, 
to 3e without characterization. 

87-90 
-89 

103-106 
118-123 

155-157 
270-275 

161.5-163 
286-289 
178-181 
272-275 
179-181 
278-282 
143-145 
293-295 

= EtOH, E = 

49.3 

64.7 

34.5 

38.4 

52. 

C6H6, 

Formula 

C18HI6Cl2N20 
Ci8H:6Cl2FNaO 
C17HuBrClN30 
C19H16C1F3X20 

C18HicClN3 

cl8HI6cix.,-in 
Ci„HuClFN8 

C18H,5C1FN3-III 
C19HioBrN4 

Ci,HioBrN4-HI 
Ci.HisFsNs 
doH.eFsNa-HI 
C18HnN3 

C18H,7NS-HI 

Analyses 

c, H 
C, H 
C, H, X 
C, H, X 

C, H, N 
C, II 
C, H, N 
C, H, X 
C, IT, X 
C, II, X 
C, H, X 
C, II 
C, H, X 
C, H, X 

= cyclohexane. 6 Acceptable analytical 
1 The isolation of this compound gave a 40.4% yield of an oil which was converted 

Experimental Section5 

1 - (3-ChIoropropyl)-l ,3-dihydro-2H-l ,4-benzodiazepin-2-ones 
(2a-e). Method I.—The appropriate l,4-benzodiazepin-2-one 
( la -e) 6 was dissolved in a mixture of D M F and T H F (1:1) and 
this solution, under dry X2, was treated with excess (10-25%) 
XaXH2 . The mixture was stirred for 2 hr at 50° and was then 
treated with a threefold excess of l-bromo-3-chloropropane and 
was stirred overnight. The reaction mixture was poured into 
ice water and extracted with CH2CI2 which was dried and evap
orated to dryness. The residue was chromatographed on Woelm 
neutral alumina (Activity 1) on which the product was always 
less strongly adsorbed than the starting material. 

1,2,3,5-Tetrahydropyrimido [1,2-a] [1,4] benzodiazepines 
(3a-e). Method II.—A mixture of the appropriate l-(3-chloro-
propyl)-l,3-dihydro-2H-l,4-benzodiazepin-2-one (2a-e), 1 equiv 
of KI , and excess XH 3 in EtOH was heated at 75° for 10 hr with 
shaking in a sealed container. The reaction mixture was filtered, 
removing KI, and the filtrate was concentrated in vacuo to a resi
due which was recrystallized from EtOH to give the product as 
the hydriodide salt. These salts were neutralized in the usual 
manner to give the crystalline free bases. 

8-Chloro-6-(2-fiuorophenyl )-l ,2-dihydro-4H-imidazo [1,2-
a] [1,4]benzodiazepine (4).—A solution of 5.0 g (15 mmol) of 
l-(2-aminoethyl)-7-chloro-l,3-dihydro- 5 - (2- fluorophenyl) - 2H-
l,4-benzodiazepin-2-one7 in 100 ml of EtOH was heated for 24 hr 
at reflux. The solvent was removed in vacuo to give a gum which 
was then triturated with cyclohexane to give 3.9 g (82.5%) of 
crystals, mp 174-177°. Recrystallizations from CH2Cl2-cyclo-
hexane gave pure product as colorless needles, mp 175-177°. 
Anal. (CnHi3ClFN3) C, H, X, CI, F. 

Acknowledgments.—We are indebted to Mr. S. Traiman for 
the infrared spectrophotometric determinations and to Dr. Al 
Steyermark and his staff for the microanalyses. 

(5) All melting points were determined on a hot stage microscope and 
are corrected. 

(6) Compound l a : L. H. Sternbach and E. Reeder, J. Org. Chem., 26, 
4936 (1961); l b , e : L. H. Sternbach, R. I. Fryer, W. Metlesics, E. Reeder, 
G. Sach, G. Saucy and A. Stempel, ibid., 27, 2788 (1962), lo : R. I. Fryer, 
R. A. Schmidt, and L. H. Sternbach, J. Pharm. Sci., 53, 264 (1964); Id ; 
G. Saucy and L. H. Sternbach, Helo. Chim. Acta, 45, 2226 (1962). 

(7) J. V. Earley, R. I. Fryer, D. Winter, and L. H. Sternbach, J. Med. 
Chem., 11, 774 (1968). 
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Derivatives of phenoxazine2-5 and 7-pyrone6""11 are reported to 
possess marked physiological activity. I t was thought desirable 
to synthesize some 4H,12H-pyrano[2,3-o]phenoxazine-4-ones 
which will incorporate both phenoxazine and 7-pyrone moieties in 
its molecule, for biological evaluation. 

Experimental Section12 

8-Amino-7-hydroxy-2-methyIchromone was prepared by re
ducing 8-nitro-7-hydroxy-2-methylchromone13 with sodium hy-

(1) Cleveland Clinic, Cleveland, Ohio. 
(2) (a) M. L. Crossley, P. F. Dreisbach, C. M. Hofmann, and R. P. 

Parker, J. Am. Chem. Soc, 74, 573 (1952); (b) M. L. Crossley, R. J. Turner, 
C. M. Hofmann, P. F. Dreisbach, and R. P. Parker, ibid., 74, 578 (1952); 
(c) M. L. CrOBsley, C. M. Hofmann, and P. F. Dreisbach, ibid., 74, 584 
(1952); (d) B. Boothroyd and E. R. Clark, J. Chem. Soc, 1499 (1953). 

(3) A. Ribbentrop and W. Sehaumann, Arch. Intern. Pharmacodyn., 149, 
374 (1964). 

(4) M. R. Lewis, P. P. Goland, and H. A. Sloviter, Cancer Res., 9, 736 
(1949). 

(5) P. N. Craig, U. S. Patent 2,947,745 (1960). 
(6) E. Kohlstaedt and K. H. Klingler, German Patent 1,018,874 (1957). 
(7) J. Klosa, J. Prakt. Chem., 22, 259 (1963). 
(8) R. H. Highby, J. Am. Pharm. Assoc, 32, 74 (1943). 
(9) H. Nakamura, T. Ota, and G. Fukuchi, J. Pharm. Soc. Japan, 56, 

68 (1936). 
(10) V. V. S. Murti, N. V. S. Rao, and T. R. Seshadri, Proc. Indian Acad. 

Sci., 25A, 22 (1947); V. V. S. Murti, L. R. Row, and T. R. Seshadri, ibid., 
27A, 33 (1948); T. R. Seshadri and N. Vishwanadham, ibid., 25A, 337 
(1947). 

(11) P. DaRe, L. Verlicchi, and I. Setnikar, / . Org. Chem., 25, 1097 
(1960). 

(12) Melting points are taken in capillaries and are uncorrected. Where 
analyses are indicated only by symbols of the elements analytical results ob
tained for those elements were within ±0 .4% of the theoretical values. 

(13) C. B. Thanawalla, S. Seshadri, and P. L. Trivedi, J. Indian Chem. 
Soc, 36, 674 (1959). 


