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The compound wax not active in the first three tumor systens.
Table T lizts the antitumor testing data against Lewis lung car-
ehioma, supplied by the CCNSC.

TaBre I
ANTITUMOI ACTIVITY OF 4-HYDROXY-2-BUTANONE
TirosEMICARBAZONE AGalNsT LEwIs LuNe CaReINOMA

Av weight Av tumor

Dose, chiange, g. wt, mg,

mg, ki Survivors® T/C T/C T/C, Y%
400 /6 —2.3 429/943 44
400 4/6 —3.1 478 /1398 34
400 3/6 —1.5 648 /811 VY
400 4/6 —2.0 613/1404 3
400 3/6 —-3.0 620/1010 61
400 A3/6 —4.2 982/1957 20
400 1/6 —2.2 480/1086 44
100 4/6 —1.4 054 /1440 66

« BDOF1 mice
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Although the facile couversion of the 2-carboxamido
group in the tetracycline series into a nitrile by means
of an acid chloride, such as benzenesulfonyl or methane-
sulfonyl chloride in pyridine has been known for some
tinie,! only omne reaction has appeared which utilizes
the nitrile.? In that case the Ritter? reaction proceeded
in a concentrated sulfuric acid-acetic acid mixture
on 7-chlorotetracycline nitrile itself with isobutylene
giving as products 2-carboxamido-N-i-butylanhydro-
chlortetracycline and the 9-t-butyl-t-butyl anhydro-
amide. These compounds have been recently photo-
oxidized* by the niethod of Scott and Bedford.?

We now wish to report the reaction of 2-decarboxam-
1do-2-¢cyano-6-deoxy-6-deniethyltetracycline (I) with
N-hydroxymethylimides or N-hydroxymethylamides
to give acylaminomethylamides (IT aud IIT) (Schenie
I).

The reaction of mnitriles with N-hydroxymethyl-
phthalimide in concentrated He.SO. was reported in
1947 by Bucf predating that of the Ritter reaction.?
The stabilized carbonium ion species involved is well
known and its reaction with aromatic nuclei (Tscher-
niac—Einthorn reaction) hag been recently excellently
reviewed by Zaugg and Martin® as well as by others.®

t1) ¥. A, llochstein, C. R. Stepliens, L. . Conover, I’. P. Regna, R.
Pasternack, I’. N. Gordon, . J. Pilgrim, K. J. Brunings, and R. B. Wood-
waril, J. Am. Chem. Soc., 15, 5455 (1953): C. R. SNtepliens, L. H. Conover,
R. Pasternack, F. A, Hochstein, W. T. Moreland, P. P. Regna, F. J. Pilgrim,
K. I. Brunings, and R. B. Woodward, 4bid., 76, 3568 (1954); J. R. D.
MeCormick, 8. M. Fox, L. L. 8mith, B. A, Bitler, J. Reichenthal, V. E.
Origoni, W. M. Muller, R. Winterbottom, and A. P. Doerschuk, ihid., 79,
2849 (1957).

(2)(a) C. R. ftephens, J. J. Beerebhoom, H. H. Rennhard, P. N. Gordon,
K. Murai, R. K. Blackwooil, and M. Schach von Wittenau, 7bid., 88, 2643
t1aa3); (b)) C. R, Stepliens, UL 5. Patent 3,028,409 (Apri) 3, 1962); (c) D.
N. Gorilon, U, &, Patent, 3,029,284 (April 10, 1062).

(3) J.J. Ritter and P. Minleri, J. Am. Chem. Soc., 70, 4045, 4048 (19481

(4) M. Schach von Wittenau, J. Org. Chem., 29, 2746 (1964),

(3) A, I Seott and C. T, Bedford, J. Am. Chem. Soc., 84, 2271 (1462).
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111, R=CF;
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The reactions of these substances with the aromatic
ring of tetracyclines are reported by us in an accom-
panying paper.

RCONHCH, <> RCONH—CH.

Thus, 2-decarboxamido-2-cyano-6-deniethyl-6-deoxy-
tetracycline (1), when treated with 1 equiv of N-hy-
droxymethylphthalimide, N-hydroxymethyltrifluoro-
acetamide,’ or N-hydroxymethylmaleiniide! in cou-
centrated HoS0,, gave the corresponding substituted
amides in good yield which were readily purified by
liquid-liquid partition chromatography on neutral
(acid-washed) diatomaceous earth.

The nitriles such as I in the tetracycline series are
extremely resistant to hydrolysis, and extensive
epinterization at 4 and deconiposition usually acconi-
pany it.!! The t-butyl-substituted anhydroamides
previously alluded to have been hydrolyzed to the uu-
substituted amide by strong acid treatment. How-
ever, the acylaniinomethylamides described above can
be hydrolyzed much more easily than the nitriles from
which they are made. They are not, however, as easily
decomposed as are the “Alannich” tetracyclines!?
IV which are readily hydrolyzed by even dilute acids.
These derivatives are easily formed from tetracycline,
formaldehyde, and a dialkylamine.

1V, R = alkyl

(7) Y. E. Zaugg and W. B. Martin, Ory. Reactions, 14, 52 {1065).

(8) R. Schroter in Houben-Weyl *'Methoden ter Organisclien Chietuie,”
Vol. XI/1, 4th ed, G. Thieme, Stuttgart, 1957, pp 795-805: H. Hellmann,
Angew. Chem., 69, 463 (1957): H. Hellmann in **Newer Methods of Prepara-
tive Organic Chemistry,” Vol. 2, W. Foerst, Ed., Academic Press Inec,,
New York, N. Y., 1963, pp 277-302.

(9) H. E. Zaugg and W. B. Martin, O¢g. Reactiouns, 14, 130 {1963).

(10) P. O. Tawney, R. H. Snyiler, R. P. Conger, IX. A. Liebhranl, C. II.
Ruiteter, and A, R, Williams, J. Org. Chem., 26, 15 (1061).

(11) J. J. Beereboom and K. Butler, U. ] Patent, 3,069,467 (Dec 18,
1062).

(12) W. Seidel, A. Roder, and F. Lindner, Muench, Med. Wochscir., 17,
661 (1958); W. J. Gottstein, W. 1". Minor, and L. C. Cheney, J. 4m. Chem.
Soc., 81, 1108 (1954),
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Partition shrons-
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merhanol, MIEE = methoxyethanol.  * HBY = hald-hack volunie (endunmn solvent retentivnrs, 7 Salvent confimed by e ual,

Caled: F) 1047, Found:  F) 1090,

Hydrolysis wax accomplished in the case of the
phthalimidomnethy! devivative (ILL) by simple reflux i
wethanol using rn-butylamine as the base'®  Even
more conveniently the trifluoroacctamidomethyl de-
rivative 11 was eastly decomposed by reaction with
wpieons base ot room temperature similar to the hy-
drolysix of trifluoroacetyl-protected  peptides.* o
the caxe of 1T it was also necessary to heat with dilate
actd for a short tinme to complete the reaction, presum-
ably to lhydrolyze the intermediate aminomethyl
devivative Vo whicl could be detected by paper cliroma-

tography  but was not isolated.  The conmpounds
N(CH.):
11 _Nauil ,//\q/\/Y \I/OH HCL
N S NHCH;NH,
) 3 OH H
OHO OH O 0O
\’7
N(CHa)z
A OH
Q ~ NH.
OH

OHO OHO O
exhibited no significant biological wtivity.  For tests
uzed see paper IX .V

Experimental Section

Drescending paper chromatography was carried out on What-
man No. 1 paper huffered with 0.2 37 pt 2 phosphate hoffer,
aind o ina system I-butanol-phosphate buffer pH 2.0 {(2:1).
Analyses were prepared by Mr. L. Brancowe and staff.  Liquid-
Hpud partition chromatography!® was carried out on nentral
(neid-washed ) dintomaceous earth (Celite).

2-Carboxamido-N-phthalimidomethy!-6-demethyl-6-deoxy-
tetracycline.—2-Decarboxamido-2-cyano-6-demethyl-6-deoxy-
tetracycline? (400 mg, 1.0 mmole) wax dissolved in 6 mlof eon-
centrated HaS0y at room temperatine afterr which 196 mg (1.f
mmoles) of N-hydroxymethylphthalimidet was added with tir-
ring.  The solution wax stirred at room temperature for 25 min
(hen ponred slowly into 200 ml of dry ether with stirring. The
precipitated =olid was filtered off, washed with ether, and dried.
The nentral fornl was prepared by shwrying the salt in 16 ml of
water and adjusting the pH to a canstant reading of 5.0 hy the
wddition of 2V uqueons NaOll. The solid wax filtered off,
washed with water, and dried, 510 mg. The crude product was
purified hy lHguid-liquid partition columm chromatography on
nerchal (aeid-washed ) diatomaceous earth as indicated in Table I,
240 mg.
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In o=l momer, N-hvdvoxvimethyhnateimide mad N-
hydraxymethyltiflnomacetumide® were (reated with the nitrife,
Conversion of 2-Carboxamido-N-phthalimidomethyl-6-de-
methyl-6-deoxytetracycline to 6-Demethyl-6-deoxytetracycline.
A solution of 58 mg (0.1 nimole) of 2-cavhoxiumido-N-phthalimi-
domethyl-6-demethyl-G-deoxytetracyeline in 25 ml of dry meth-
anol and 0,15 mlb of a-hutylamine was reflnxed for 5 . The
s=alntion was evaporated to dryness and oiturated well winh
dry ether and the =olid material was filtered ofCand died, 36 my.
Paper chromatgraphy =howed noo=tarting minterinl and o new
spot corresponding to G-demethyl-G-deoxytetraeyeline appeared
a0 0,720 Tiehidometrie assay of the ermde li-e-hntvknnne
st was 332 pg/mlVtetnarycline = 1ono),
Conversion of 2-Carboxamido-N-trifluoroacetamidomethyl-ti-
demethyl-6-deoxytetracycline to 6-Demethyl-6-deoxytetracycline.
A sohtdon of 14 myg (0.023 nimole) of 2-carboxamido-N-tri-
fnoraacetsimidomethyl-G-demethyl-G-deoxytetimeyeline i 075
ml (0T nomole) of 008 NV agneons NaOH was allowed 1o =td
at room (emperatre far 30 min, after which, 4.25 ml o 0.1\
methanolic HCE was added, and the resnbtant sobition reflnxed
fonr I hre The sulbntion was evaporated (o dryvness, after which,
the residine was dissolved in 005 ml of the lower pliase of a0 solvent
mixture heptane-cthyl acetnte- methoxyethunolwater 160 40:
15:4) and branght to pIT 3 with =olid =odinm acetnte. This
salution was mixed witlt T g of dintomaceons esorth and packed
o a Ho-g diatomaceons earthe comm moistened with 5 mb ol hawve
phase, and (he prodnet was ohtained by develiping with npper
phase; the prodnet, 1.5 mg, heing obtained in the thint halil-
back volume. The product was identified by nliraviolet spee-
i and poaper chromatography. No o attenipt was made i
establixh optinmm condition~ in the reaction or prodiuet isadativa.

1.3,2-Diazaphosphorine 2-Oxides. IV.! A New
Method for the Preparation of 2-(N-AryLanino)-
and 2-(N-Alkylamino)-1,3,2-diazaphosphorine

2-Oxides*
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Previous articles have been concerned  with the
synthesis and antitumor activity of compounds of type
II1.* These were prepared by allhwing a dinine,
N, N"-bis(para-substituted benzyl)-1,3-diaminopropanc
I, to react with an N-arylphosphoramidic dichbiride
11 (Chart I).

Sinee the synthesis of the N-arylphosphornuidic
dichlorides TI invalves the direct addition of POCY,

(1) Part II1: J. 1 Midhoaw, 2. L. Aleisenheimer, aml R P Muay, S Vod,
Chem., 9, 772 (105155,

(2) This investigantion »vax sapported by Pablie ealdh Service e

(' A-06448-03 froun the Nalioual Institates of Health, Pablic Heatth Serviee.
¢y J0 L Bitliman anel JL L AMeisewhwiger, J. Med, Chemn., 8, 201 110155,



