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Compd Re Rs R+ Method 2 solvent”
1 H H OCHCHNC Hae A 139-141 M
11 11 H OCHA N (CoHa - AL B 1025104 Pl
Hydrocehloride 188140 A
111 s H OCHCHN ol A Pt
Hydrochloride 210-221 A-F
v 1 OH OCH2CHNCHu A 119-120 P
v i OH OCHCHaNICoHs)e A, B 78-80 Pl
Hydrogen sulfate 180-182 AYS
Vi I Ol OCH.CH.N ) A 80-81 PE
VIl H OH OCH2CH:CH2N(CHs): A 40-91 P1
VIID CH: OH OCH.CH:N(CHs): A 115-117 PE
INX CH: OH OCH.CH:N(C:Hs;- A 71.5-72.5 PL
Hydroehloride y M-d
N i H OCHCHBr 13 A
NI H OH OCHCH:Br 13 1
N1I Ik H OCH:CO0C:H; ™ EA
NIIL 1 H QCHAL'O0H DMF-)
NIV Chi: H OCH:C00C:Hs « PI-113 B-Pl
NV H OH  OCH:C00C:1, C 160-163 KA
© A = ethanol, B = benzene, K = ether, KA =

iRoflavones and estrogens (such as estradiol and diethvlstilbestrol)®
as well as between isoflavones and hioflavonoids have prompted us
to synthexize a series of derivatives of two natural isoflavones,
biochanin A (5,7-dihydroxy-4-methoxyisoflavone) and formono-
netin (7-hyvdroxy-4'~-methoxyisoflavone), different in estrogenic
poteney.2  The new compounds are shown in Table [.

Experimental Section’

Biochanin A and formononetin were prepared by the Baker
method.® The final step (decarboxylation of the corresponding
2-carboxylic acids) wax accomplished, for both compounds,
by heating under nitrogen at 300° for 15 min and subliming the
crude products at 107% mm: yields, 83%-000;. 2-Methylbio-
chanin A and 2-methyvlformononetin were =yuthesized by known
methods.®

7-Diethylaminoethoxy-5-hydroxy-4'-methoxyisoflavone (V).
Method A.--To a stirred suspension of 5.68 g (0.02 mole) of
biochanin A in 40 ml of anhydrons methanol was added 0.02
mote of NaOCH,; (9.2 ml of 11.75¢, solution in methanol).
After u few minutes, 60 ml of xyvlene was added and methanol
was distilled completely under reduced pressure.  Diethylamino-
ethyl chloride (4 g, 0.02 mole) was added, and the mixture wax
heated in an oil bath at 110° for 2 hr, then filtered and extracted
with 107 acetic acid.  The acid extract was filtered and rend-
ered =lightly  alkaline with NH OH. The precipitate was
collected, dried, and recrystallized from petrolenm ether (bp
S0-120°) giving 6.7 g (S877) of V, mp 78-80°. The ualtraviolei
spectrum {Anay 260 mu in ethanol and in 47, ethanolic sodium
acetate, 272 mu in 407 ethanolic AlCl;-6H.0) was consistem
with a free 5-hydroxyl group.”  The infrared spectrum, similarly,
did not show absorption in 3500-3300-cm ™1 region.® The
hydrogen =ulfate, precipitated by adding concentrated HyRO),
to an weetone solution of V and recrystallized from methanol had
mp I180-182°.

Method B. T a =olution of 5.68 g (0.02 mole) of biochaniu A
in 130 ml of anhydrous Cellosolve was added 0.02 mole of
NaOCH; (9.2 ml of 11.75¢ solution in methanol). The mixture
wus distilled until the boiling point of Cellosolve was reached,

o3 CoAL B Clemetson, L. Blair, and A, B, Brown, dnn. N. Y. dead. Seq.,
93, 279 (1962).

(4) Melting poinis were taken in capillaries and are corrected.

(51 W, Baker, J. Chadderton, J. B, Harborne, and W. D. Ollis, J. Chem.
Noc., 1852 (1953).

(60 ta) W. Baker and R. Rohinson, rbid,, 2713 (1926}; <(b) V.
and T, R. Seshadri, J. Sei. Ind. Fes. (India), 16B, 116 (1857);
Ahsir., 52, 9047 (1958).

7} R. M. Horowitz and L. Jurd, J. Org. Chem., 26, 2446 (1961).
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Formula Caled  Found Caled Found Cualed Found Caled Fonnd
CoaHaNOy 7078 7026 624 651 4. 13 412

CollaNOs Tl 7164 6. 86 6 82 3. .81 363
879 8 a8

CaoHasNOs 72,41

85 7.1 7,05 5.67 373

Cl: 848 80l

CanHaNOs 67.54 68.04 5.6 6,14 3 L2
ColsNO 8% 01 89 13 6 57 6,43 3.65
2.4l N6o0 T35
e Hos N O oot 5o
CoHuNOs 3079 8.7
HxNOs  68.28 68.18 6.28 6,42 3. 64
T HarNOs 6050 89 47 6.85 6.90 356
Cle 817 K.31
CrsHip13rOy4 Br: 21.35  20.80
CisHisBrOs 55,26 56.02  3.86 4.06 Br: 2043 20.70
CaHisOs 6779 68745 512 512
CsH140s 66.26  66.59 1.32 151
Car Haw Ok 68 47 68.335 5.47 5H.31
o507 64.86 64 52 4,90 4,47

o

ether (hp 80-120°), M = methanol.

then 30 ml of dibromoethane was added, and the mixture wuas
refluxed for 2 hr and evaporated to dryvnes= under reduced pres-
sure. The residue wax triturated with 5% NaOT, washed
thoroughly with water, dried, and recrystallized from benzene
giving 5.5 g (707 of 7-bromoethoxy-3-hydroxy-4’-methoxyiso-
flavone (X1}, mp 163-165°. A =olution of 3.91 g of XT in 35 ml
of diethylamine and 35 ml of dimethylformamide was kept for 4
days at room temperature, then evaporated to dryness under
reduced pressure.  The residue, triturated with water, dried, and
recrystallized from petroleum ether gave V, mp 78-%80°, identical
with the product obtained by method A.

Ethyl 4-Methoxy-7-isoflavonoxyacetate (XII). Method C.
To a stirred suspension of 0.02 mole of formononetin sodium salt
in xvlene, prepared as in method A, was added 10.6 g (0.06 mole)
of ethyl bromoacetate. The mixture wax refluxed for 5 hr,
filtered, and evaporated under reduced pressure. The residue
was triturated with petroleum ether. Recrystallization from
ethyl acetate or benzene yielded 5.9 g (837 ) of XTI, mp 142-144°.

4'-Methoxy-7-isoflavonoxyacetic Acid (XIII).--A mixture of
2 g of XII, 30 ml of acetone, 4 ml of water, and 3.25 ml of 2 .V
NaOH was stirred for 2 hr. Water was added and acetone wus
evaporated under reduced pressure.  On acidification of the clear
solution with HCI, 1.45 g (797) of NIII, mp 223-225°, was
precipitated.

Octamethylbiguanide Perchlorate
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Although large nnmbers of biguanides have been synthesized
as potential antimalarial drugs' and asx hypoglycemic agentx,”
the number of polysubstituted examples is limited. In thix
paper, we describe the synthesis of octamethylbiguanide per-
chlorate (1), the most highly substituted bignanide vet reported.

The reaction of tetramethylehloroformamidine chloride (2)
and 1,1,3,3-tetramethyvlguanidine provided a hygroscopic chloride

‘b I HL R, Card and 1) L. Rose, J. Chem. Soc., 729 {1946).
12y X, L. Shapiro, V. A, Parrino, and L. Freedman, J. dm. Chem, Sore., 81,
BT28 (10593,
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salt which was converted to the easily purified perchlorate 1.
The identity of the product was confirmed by analyvtical and
spectral data.

Experimental Section?

Tetramethylchloroformamidine Chloride (2).—To a stirred
solution of 34.0 g (0.47 mole) of tetramethyvlurea in 1.2 1. of
anhydrous ether was added dropwise 60.0 g (0.47 mole) of oxalyl
chloride. After 2 days, 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
suitable for further use. Four recrystallizations 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. Found: 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
in 50 ml of anhydrous acetonitrile was added dropwise 25 ml of
1,1,3,3-tetramethylguanidine. The solid precipitate, which was
collected after 2 days, was tetramethvlguanidine hydrochloride,
mp 204-206°. The filtrate was diluted with 400 ml of ether,
and an oil separated, which on standing formed 22 g of extremely
hygroscopie colorless crystals, mp 115-150°. The solid was
stirred for 2 hr with a suspension of 47 g of freshly prepared
Agy0 in 250 ml of ethanol and 5 ml of water. The mixture was
filtered, and the filtrate was adjusted to pH 7 with 11 ml of 709,
perchloric acid. The solid which separated amounted to 26 g
(94C,) of colorless crystaly, mp 192-199°. Four recrystalliza-
tions from ethanol provided the analytical sample, coloriess
prisms, mp 197-198°.

Anal.  Caled for C, H2CIN;O4: C, 38.27; H, 7.70; Cl, 11.30;
N, 22.32. Found: C, 38.46; H, 7.77; C], 11.05; N, 22.36.

The ultraviolet spectrum exhibits in methanol a maximum at
243 mu (e 31,000), which shifts to 226 mu (e 24,800) in 0.1 N
methanolic HCL?  The nmr spectrum in DMBSO-ds exhibits a
<harp singlet 7 7.20.

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

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

(5) The correlation between the ultraviolet spectrum and tautomerie
structure of biguanides has been discussed: W. J. Fanshawe, V. J. Bauer,
E. F. Ullman, and 8. R. Safir, J. Org. Chem., 29, 308 (1964).
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Current clinical interext? in the carcinostatic activity of the
antimetabolite 6-purinyltrimethylammonium chloride® (I) led

(1) Alpurine (Trademark applied for).

NEw Coyprounns 081

us to investigate methods for the purification of this salt. Pre-
cipitation of its aqueous solution by organic solvents consistently
vielded 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 struc-
ture II (see Experimental Section).
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Experimental Section

Purin-6-yltrimethylammonium chloride (I) was prepared by
the method of Horwitz and Vaitkevicius.® 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 L. of Dowex 1-X8& (hydroxyl form), and the column was then
washed thoroughly with water. The combined eluates were then
evaporated to dryness 7n vacuo at 50°, and the product crvstal-
lized from water and wax dried in vacuo (P20;) to vield 112 g of
II, mp 190-192°.

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

Strueture 1T is supported by the nmr spectrum? in 12,0 which
shows, besides two equal peaks at 221 and 212 cycles below the
signal from solvent protons, only one, mich more intense, peak
at 59 cycles shove solvent reference. The dipolar salt IT has
the same melting point as 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 111, and the nmr spectrum of III shows
two well-separated methyl group signals. Electrometric titra-
tion shows that I is a weak base and the pK, of the conjugate
acid I is 6.8. This value appears reasonable, for purine has
pKa = 89,7 and the trimethylammonium group would lower the
pK.#

Similarly, the ultraviolet spectrum of II appears reasonable
A2 (pH 10) 274 mu (log e 3.86)] when compared with that of
purine anion® [Amax (pH 11) 271 mu (log e 3.88)]: the trimethyl-
ammonium group, being noneonjugating, would be expected to
have little effect. The spectrum of I1 at pH 1 (that is, of I),
with Amax 265 mu (log e 3.94), is also close to that of neutral
purine [Amax 263 mu (log € 3.90)].

Saline solutions of I and I are indistinguishable.
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