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ixattavones and estrogens (s11ch as estradiol and diethylstilbestrol)®
as well as between i=aflavanes and hioflavonoids have prompted 1%
ta synthesize a series of derivatives of twa natural isoflavoves,
biochanin A (5,7-dihydroxy-4-methoxyisoflavone) and formonao-
netin (7-hyvdroxy-4'-methoxyisoflavone), different i estrogenic
patency.r  The uew compoands are shawn in TableT.

Experimental Section'

Biochanin A and formononetin were prepared by the Baker
methad.”  The fiunal step {(decarboxylation of the corresponding
2-carboxylic acid=) wax accomplished, far both componnds,
by heating nnder nitrogen at 300° for 15 min aud =ubliming the
crude prodnets at 107% mni: yields, 88-90¢(. 2-Methylbio-
chanin A and 2-methylformonanetin were synthesized by kuown
wethads.®

7-Diethylaminoethoxy-5-hydroxy-4'-methoxyisoflavone (V).
Method A.—-To a stirred suspenxion of 3.68 g (0.02 male) of
biaclhianin A in 40 ml of anhyvdrons niethanol was added 0.02
male of NaOCH, 192 vl of 11.75¢ sohitian in methanoli.
After a few minutes, 60 il of xyvlene was added and methanal
wax dixtilled completely nnder reduced pressure.  Diethylamino-
ethyl cliloride (4 g, 0.02 mole) was added, and the mixtire wax
heated in an oil bath at 110° far 2 hr, then filtered and extracted
with 107 ncetic acid.  The acid extract was filtered and rend-
ered  =lightly  alkaline with NHOH. The precipitate wuas
callected, dried, and reerystallized from petrolenm ether (bp
SO-120°0 giving 6.7 g (S8C7) of V), mip 78-80°. The nltraviolei
speetrm (Apax 260 mu in ethanol aud in 49 ethapolic sodinm
acetate, 272 me i 400 ethanolic AlCL-6H.0) was consistemt
with a free 3-liydroxyl granp.’  The infrarved spectrum, similarly,
did nat show absarption i 3500-3300-em ™! region.® The
Lhydrogen =alfute, precipitated by adding coucentrated H.RO,
tnan acetane saliting of v oand recrystallized from methanol hiad
W IN0-182°.

Method B. - Ta a =alutian aof 5.68 g (0.02 male) of biochanin A
i 130 ml aof anhydrons Cellosolve was added 0.02 mole of
NaOCH, (9.2 mt of 11.75¢ solution 1 methanol). The mixture
was distilled nmtil the bailing point of Cellosolve was reached,

30 CoAL B Clemetson, L. Blair, and AL B, Brown, Ann. N Y. dead. 8o,
93, 271 (1962).

1) Melting poincs were taken in capillanes and are carrected.
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then 30 ml of dibromoeethane was added, and the mixtare wax
refluxed for 2 hr and evaporated to dryvuess under reduced pres-
sure, The residune was triturated with 59 NaOIl, wuashed
thoronghly with water, dried, and recrystallized fram benzene
giving 5.5 g 1709 of 7-branaethaxy-3-hivdroxy-4 -methaxyisa-
flavone (XI), mp 163-165°. A salutian of 3.91 g of XT in 35 ml
af diethylamine and 35 ml of dimethylfarmamide was kept for 4
day= at room temperature, then evaparated ta dryviness under
redaced pressure.  The residie, triturated with water, dried, and
recrystallized from petrolenm ether gave V', mp 78-%0°, identical
with the product obtained by methad A.

Ethyl 4-Methoxy-7-isoflavonoxyacetate (XII). Method C.
Ta a stirred suspeision of 0.02 male of formononetin sodium salt
i1 xyvlene, prepared as i1 methad A, was added 10.6 g (0.06 mole)
af ethyl bromoacetate. The nixture wax refluxed far 5 h,
filtered, nud evaporated mnder rediiced pressure. The residae
was triturated with petrolemin ether.  Reerystallization fram
cthyl ucetate or benzene yielded 5.9 g (83¢, ) of XIT, mp 142--144°.

4'-Methoxy-7-isoflavonoxyacetic Acid (XIII).~-A mixture af
2 g of XII, 30 wl of acetane, 4 ml of water, and 3.25 ml of 2 v
NaOH was stirred far 2 . Water was added and acetane
evaporated under reduced pressure.  On acidification of the clear
solution with 1CL, 145 g (79¢;) of NIII, wmp 223-225°) wis
precipitated.
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Although large ninbers of bignanides have been synthesized
as potential antimalarial dimgs! and asx hypoglycemic agentx,®
the number of palysubxtituted examples is limited. In this
paper, we describe the syuthesis of octamethylbignanide per-
chlorate (1), the mast highly substituted bignanide yet reported.
The reaction of tetramethylchloroformamidine chlaride (21
and 1,1,3,3-tetramethyvlgnauidine provided a hvgroscopie chloride

cte FoHD S Card and 100 L Rose, J.o Chem. Soc., 729 (1946).
i2) S, L. Shapiro, V. A, Parpno, and L. Freedman, J. dm. Chem, Soe,, 81,
$T28 (14505,
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salt which was converted to the easily purified perchlorate 1.
The identity of the produet was coufirmed by analytical and
spectral data.

Experimental Section?

Tetramethylchloroformamidine Chloride (2).—To a stirred
solution of 54.0 g (0.47 mole) of tetramethylurea in 1.2 1. of
anhydrous ether was added dropwise 6().0 g (0.47 mole) of oxalyl
chloride. After 2 davs, the mixture was filtered, and the solid
was washed with ether and dried. The product amounted to
69.0 g (87%) of colorless crystals, mp 145-150° dee, of purity
sunitable for further use. Four reerystallizations of a small
portion from anhydrous acetonitrile provided extremely hygro-
scopic colorless prisms, mp 150-155° dec (lit.* mp 110-112°),

Anal.  Caled for C;HCLN.: C, 35.10; H, 7.07; Cl, 41.44;
N, 16.37. Fouud: C, 34.56; H, 7.02; Cl, 41.03; N, 16.00.

Octamethylbiguanide Perchlorate (1).—To a stirred suspension
of 15.0 g (0.088 mole) of tetramethylchloroformamidine chloride
ip 50 ml of auhydrous acetouitrile was added dropwise 25 ml of
1,1,3,3-tetramethylgnanidine. The solid precipitate, which was
collected after 2 days, was tetramethylguanidine hydrochloride,
nmp 204-206°. The filtrate was diluted with 400 ml of ether,
and an oil separated, which on standing formed 22 g of extremely
hygroscopic colorless crystals, mp 115-150°. The solid was
stirred for 2 hr with a suspension of 47 g of freshly prepared
Ag,0 in 250 ml of ethanol aud 5 ml of water. The mixture was
filtered, and the filtrate was adjusted to pH 7 with 11 ml of 709,
perchlorie acid. The solid which separated amounted to 26 g
(94¢.) of colorless crystals, mp 192-199°.  Four recrystalliza-
tions from ethanol provided the analytical sample, colorless
prisms, mp 197-108°.

Anal.  Caled for C,0H:CIN;04: C, 38.27; H, 7.70; Cl, 11.30;
N, 22.32. Found: C, 38.46; I, 7.77; Cl, 11.05; N, 22.36.

The ultraviolet spectrum exhibits in methanol a maximum at
943 myu (e 31,000), which shifts to 226 mu (e 24,800) in 0.1 N
methanolic HCL>  The pmr spectrum in DMS8O-ds exhibits a
=liarp singlet = 7.20.

(3) Melting points were determined in a Hershberg apparatus and are
nncorrected. Ultraviolet spectra were determined with a Cary 11 spectro-
photometer and nmr spectra were determined with a Varian A-60 spectrome-
ter by Mr. W, Fulmor and staff, Microanalyvses were performed by Mr, L.
M. Brancone and staff.

(4) H. Eilingsfeld, M. Reefelder, and H. Weidinger, Angewc. Chem., T2, 836
(1960); H. Eilingsfeld, G. Nebaner, M. Seefelder, and H. Weidinger, Chem.
Ber., 97, 1232 (1964).

(3) The correlation between the ultraviolet spectrum and tantomeric
strnetnre of biguanides has been disenssed: . J. Fanshawe, V. J. Baler,
E. F. Ullman, and 3. R. Rafir, J. Org. Ckem., 29, 308 (1964).
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Current clinical interest? in the carcinostatic activity of the
antimetabolite 6-purinvltrimethylammonimin chlarided (I) led

(1) Alpurine (Trademark applied for).

NEw CoypPoUuNns 981

1= to investigate methods for the purification of thix salt. Pre-
cipitation of its aqueons solution by organic solveuts cousistently
yvielded products low in chlorine.* During further study, an
aqueous solution of I was passed through an anion-exchange
column in its hydroxide form, yielding on evaporation a new
substance, mp 190-192°, which was chlorine free and had strue-
ture II (see Experimental Section).
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Experimental Section

Purin-6-yltrimethylammonium chloride (I) was prepared by
the method of Horwitz and Vaitkevieins.? Small quantities of
crude I were purified by solution in cold water and quick pre-
cipitation with acetone; pure I melts at 191-192°,

6-Trimethylammoniopurinide (II).—A solution of 170 g of
Iin 11 of water was passed through an ion-exchange column with
1.5 1. of Dowex 1-X8 (hydroxyl form), and the column was then
washed thoroughly with water. The combined eluates were then
evaporated to dryuess in vacuo at 50°, and the product ervstal-
lized from water and was dried in vacuo (P20;) to vield 112 g of
II, mp 190-192°,

Anal. Caled for CHuNa: €, 54.22; H, 6.26; N, 39.52.
Found: C, 54.30, 54.30; H, 6.03, 6.20; N, 39.18, 39.49.

Structure IT i supported by the nmr spectrnm? in 1240 which
shows, besides two equal peaks at 221 and 212 cycles helow the
sigual from solvent protous, ouly one, much niore intense, peak
at 39 cyeles sbove solveut reference. The dipolar salt IT has
the same melting poiut ax 6-dimethylamino-1-methylpurine (I11),
and the melting points of the respective picrates are also similar.
However, the mixture melting point of IT and III is depressed,
the maximum of the ultraviolet spectrum of II is at much lower
wavelength than that of III, and the nmr spectrum of III shows
two well-separated methyl group signals. Electrometric titra-
tion shows that II is a weak base and the pK. of the conjugate
acid T 18 6.8. This value appears reasounable, for purine has
pK. = 8.9,7 and the trimethylammoninm gronp would lower the
pK.®

Similarly, the ultraviolet spectrum of II appears reasonable
(A2 (pH 10) 274 mu (log € 3.86)] when compared with that of
purine anion® [Amax (pH 11) 271 mu (log € 3.88)]; the trimethyl-
ammonium group, being nouconjugating, would be expected to
have little effect. The spectrum of IT at pH 1 (that is, of I),
with Amax 260 mu (log e 3.94), is also close to that of nentral
purine [Amax 263 mu (log € 3.90)].

Saline solutions of I and IT are indistingnishable.

(2) V. K. Vaitkevicius and ). L, Reed, Proc. Am. Assoc. Cancer Res., 7T,
Y2 (1966).

(3) J. P. Horwitz and V. K. Vaitkeviclis, Exrperientia, 17, 552 (1961).
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B. R. Baker, and W. W. Lee, J. Org. Chem., 27, 3274 (1962).
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