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modified for the Technicon Autoanalyzer, were not de-
pressed below those of untreated controls after 3 hr
in rats and 2 hr in chicks. For comparison, tolbut-
amide (1) effects an approximately 359 drop in blood
sugar levels in rats and chicks when administered at a
dose of 50 mg/kg under the same test conditions,

Experimental Section®

Benzyl Phenylphosphonamidate (5a).—The geteral method
of Hersman and Audrieth? was followed. To a stirred solution
of 83 g (0.43 mole) of phenylphosphonyl dichloride in 200 ml
of ether was added a solution of 48 g (0.45 mole) of benzyl alcohol,
34 g (0.43 mole) of pyridine, and 200 ml of ether. The mixture
was stirred for 45 min at room temperature, heated under reflux
for 15 min, and filtered. The filtrate was added dropwise to a
=olution of 200 ml of liquid NH; and 200 ml of ether. The mix-
ture was concentrated to dryness, and the residue was taken up
in CHCl;. Evaporation of the solvent left a solid residue, which
was recrystallized from CCli—ethanol to provide 67 g (639%)
of crystals, mp 112-114°. Three additional recrystallizations
gave the analytical sample, mp 121-123°.

Anal. Caled for CsHuNO-P: C, 63.15; H, 5.70; N, 5.67;
P, 12.533. Fouud: C, 63.33; H, 5.79; N, 5.81; P, 12.66.

Benzyl p-Tolylphosphonamidate (5b)—To a stirred solution of
68.3 g (0.33 mole) of p-tolylphosphonyl dichloride® in 200 ml of
ether was added a solution of 37.0 g (0.34 mole) of benzyl alcohol,
25.5 g (0.32 mole) of pyridine, and 200 ml of ether. The mixture
was heated under reflux for 15 min and filtered. The filtrate
was slowly added to a solutiou of 200 ml of liquid NH; and 200 ml
of ether. The mixture was concentrated to dryness, and the
solid residue was taken up in CHCl;.  Evaporation of the CHCly
left a solid which was recrystallized from CCli—ethanol to provide
45 g (32¢7) of crystals, mp 113-125°. Recrystallization from
CCl, gave colorless fine needles, mp 120-124°,

Anal. Caled for CyH,¢NO:P: C, 64.36; H, 6.17; N, 35.36.
Found: C, 64.33; H, 6.21; N, 5.24.

Benzyl N-(Butylcarbamoyl)phenylphosphonamidate (6a)—To
a cold mixture of 19.6 g (0.08 mole) of 5a and 8.0 g (0.08 mole) of
n-butyl isocyanate in 250 ml of glyme was slowly added with
stirring 3.6 g (0.08 mole) of 53¢ sodium hydride dispersion.
After 16 hr, the mixture was acidified with ethanolic HCl and
filtered. The filtrate was concentrated under reduced pressure
to a glass which was dissolved in methanol. Addition of water to
the solution effected precipitation of a solid which, after recrystal-
lization from acetonitrile, amounted to 3.4 g (199;) of colorless
crystals, mp 120-124°. Three recrystallizations from ethyl
acetate afforded the analytical sample, mp 125-126°.

Anal.  Caled for CisHuN.O;P: C, 62.43; H, 6.65; N, 8.09;
P, 896. Found: C, 62.72; H, 8.67; N, 8.08; P, 8.76.

Benzyl N-(Butylcarbamoyl)-p-tolylphosphonamidate (6b)—
To a cold mixture of 5.4 g (0.02 mole) of 5b, 2.0 g (0.2 mole) of
n-butyl isocyanate, and 60 ml of glyme was slowly added with
stirring 0.9 g (0.02 mole) of 35¢; sodium hydride dispersion.
After 16 hr, the mixture was acidified with ethanolic HCl and
filtered. The filtrate was concentrated under reduced pressure
to 9.0 g of colorless solid. Three recrystallizations from iso-
propyl alcohol gave 0.6 g (89) of colorless microerystals, mp
132-135°.

Anal. Caled for C3HyN.O3P: C, 63.33; H, 6.94; N, 7.78;
P, 8.61. Found: C, 63.72; H, 7.33; N, 7.63; P, 8.63.

Sodium N-(Butylcarbamoyl)phenylphosphonamidate (7a).—
A mixture of 1.0 g (2.75 mmoles) of 6a, 1.10 g of 1077 palladium
on charcoal, and 50 ml of glyme was hydrogenated at 30 psi and
room temperatiire for 1.5 hr. The mixture was diluted with 100
ml of water and filtered, and the filtrate was titrated to a phenol-
phthalein end point with 26 ml of 0.1 ¥ NaOH. The solution
was concentrated under reduced pressure at 33° to 0.6 g (789;) of
a colorless solid which did not melt below 310°. Recrystalliza~
tion from methanol gave the analytical sample.

(6} Melting points were determined in a Hershberg apparatus and are
uncorrected. Microanalyses were performed by Mr. L. M. Brancone and
staff. We thank Mr. R. Schirner for the synthesis of §a and Mr. L. Binovi
for the svnthesis of Bb.

(7) M. F. Hersman and L. F. Audrieth, J. Org. Chem., 23, 1889 (1958).

(8) A. D.F. Toy, J. Am. Chem. Soc.. 70, 186 (1948),
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Anal. Caled for C;HieNoNaQ;P: C, 47.48; H, 5.86; N,
10.07; Na, 8.27; P, 11.15. Found: C, 47.70; H, 5.94; N,
9.60; Na, 8.78; P, 10.75.

Sodium N-(Butylcarbamoyl)-p-tolylphosphonamidate (7b).—
A mixture of 5.3 g (0.015 mole) of 6b, 7.0 g of 109 palladium on
charcoal, and 300 ml of glyme was hydrogenated at 30 psi at
room temperature for 12 hr. The mixture was diluted with
500 ml of water and filtered, and the filtrate was titrated to a
phenolphthalein end point with 14 ml of 1 N NaOH. The solu-
tion was concentrated to dryness under reduced pressure at 30°,
and the colorless solid residue was recrystallized from isopropyl
alcohol-water to provide 1.1 g (255%) of colorless crystals which
did not melt below 310°.

Anal. Caled for CpHiN.NaQ;P: C, 49.31; H, 6.21; N\,
9.59; Na, .87; P, 10.60. Found: C, 48.89; H, 6.33; N, 9.45;
Na, 7.27; P, 10.80.

Pantothenic Acid Derivatives

Ricmarp H. WiLEY! axD Joux E. KENXEDY, JR.

Department of Chemistry, College of Arts and Sciences,
University of Louisville, Louisville, Kentucky

Received August 25, 1966

Interest in the suppression of the physiological activ-
ity of 6-substituted purines?? by coenzyme A has sug-
gested the desirability of examining the effect of struc-
tural variation in the pantothenic acid moiety of the
CoA molecule.

A continuing interest in the physiological activity
of hydrazones, and the possibility that hydrazones
prepared from pantoylhydrazine might, like purines,*
be incorporated into the CoA molecule, prompted the
preparation of several pantoylhydrazones.

Experimental Section

Pantoylhydrazine has been obtained previously® but in low
(309) vield. The technique used in this preparation was modi-
fied to give a higher yield and a cleaner product and was theu
used iu the preparation of pantoyl derivatives of substituted
hydrazines and alicyclic amines. Data describing the products
are given in Table I. The preparation of the hydraziue is typical
and is described in the following paragraph.

TaBLE I
PANTOYLAMINES AND ~HYDRAZINES
Crystn
Mp.,  Yield, sol- ——N, %°——
Pantoyl deriv of eCe % vent? Caled Found
Cyclohexylamite 109-110 99.4 A 6.16 5.91
Cyclopentylamine 64-65 67.0 B 6.52 6.37
Hydrazine 99-100 57.0 C 17.30 17.60
Methylhydrazine 102-103 63.8 DI 15.99 16.24
N,N-Dimethylhydra- 120-121 60.0 B 14.72 14.68
zine

@ Melting poinis are uncorrected. * A, ethyl acetate—petrolenm
ether (bp 60-110°); B, petroleum ether; C, dioxane-diethyl
ether; D, chloroform. ¢ Analyses by Micro Tech Laboratories,
Skokie, Il

(1) To whom correspondence should be addiessed at Hunter College,
The City University of New York, New York, N. Y. 10021.

(2) D. A. Clark, F. 8. Phillips. 8. 8. Sternberg, and C. C. Stock, Ann.
N. Y. Acad. Sci., 60, 235 (1955).

(3) J.J. Biesele, ibid., 60, 228 (1955).

(4) J. J. Blesele, M. C. Slautterback, and M. Margolis, Cancer, 8. 87
(1955).

(3) J. Madinaveitia, A. R. Martin, F. L. Rose, and G. Swain, Biochem. J.,
39, 85 (1945).
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A-PANTOYLIYDRAZON S

Solvem”

of
Dersv nf reaction,
ranioylbydrazine aud Mp, “CH CTVStD
Benzaldehyde 1551555 A, Al
p-Methoxybenzaldehyde 145146 B, F-D

p-Dimethylaninobenzaldehyde [SR--189) AG
S-Pyridinecarboxnldeliyde 150--151 Co =D
Pyridoxal {7176 dee G, =D
Sodinm levulinabe 260-261 ¢, D

“ Melting points are nneorreceted. ¢ A, chiloroform; 13, etlimol;

nol; G, ethyl acetate.

Pantoylhydrazine.-J{-Pantolactone {2.6 g) was dissolved in
H g oof anlivdrous hydrazine and the resuliing mixtire wies re-
fluxed for © hir. The reaction mixture was stored at mmbient
teviperatnre far 24 hr and then evaporated at 60-70° nnder re-
diteed pressire to a thick, clewr syrup.  Upon treatment with
diethyl etlier thix syrup gave a white powder which was recrysial-
lized from dioxane-diethyl ether 1o give liygroscopic white,
enbic erystals,  The pantoylhydrazones were prepared by re-
thixing the carbonyl compound wirh pantoylhydrazine in a siit-
able solvent followed by precipitation witlt diethyl ether or pe-
lroletn ether. Dara deseribing the proditers are given in Table
1. A tvpieal preparation iz given in the following paragraph.

Benzaldehyde J{-Pantoylhydrazone.-Redistilled benzaldehvde
10.94 g) in 5 ml of chloroform was added to a stirring solution of
L0 g of di-pantoylhydrazine in 10 ml of chloroform. The mix-
tire was reflisxed for 4 hr, cooled to ambient 1emperatire, and
ponred into 15 ml of diethal ether.  The white ~olid whieli sepit-
rated was collected and reervstdlized from chloroform-petro-
lennt ethier.

Sereening datas for these componnds have =shown no aetivity
i Sarcoma 180 tests.  All componuds exeepr the levulinate and
eveloliexylamide were screened.

Acknowledgment.—J. 2. K. wishes to acknowledge
the National Institute of Health, Education and Wel-
fare who supported this work (in part) through Pre-
doctoral ellowship No. 12,701.

«ii T'heantbors aresndebted 10 Drs, C. CL Rosek, R, K. Barmlay, Christive
Reilly, Llvira Faleo, aml Sopbronia Myron, Sloan Kettering Institute fur
Caneer Research, for ramlueling these tesis. ‘The raling scales and pro-
crdyres fie the Sarcolya 180 test are given in Caneer Res. Suppl., 1, U1
(10553 2,0 178 {1955y 0 anl Concer fes., 18, 43 (19538).

Insect Chemosterilants. 1V,  Phosphoramides'
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The discovery that hexammethylphosphorie triamide?
(HEMrA) was capable of sterilizing msects led us to
investigate other phosphoramides s possible insect
chemosterilants. Variously substituted phosphoram-
ides, thiophosphoramides, and related compounds were
svitthesized or obtained from commercial sources.
Compounds related to uEMpa which were synthesized
during this investigation and their activity as sterilants
for the house fly. M usca domestica 1., are shown in
Table T; compounds previously reported in the litera-
tire which weve found to be hactive are not listed.
totkover, C. W, Woods, and R. T.

) Privcions papser:s AL T Brown,

JoMed, Chem,, 90 522 (1060,
() S0 Clamg, P Terry, und AL 1L Boflioves, Seiemnre, 144, 57 (106G

Yield, [ AT et | TN e N e
i Calad Ity Caled Found® Caled Iosrad®
28 062,46 (52,25 7024 19

THK i ua 10t

d7 . 6f. 19 Gt N2 7o

83.5 16,77 {5.0N

M. 7 15,01 b 2o

5.7 0.7+ hTh

(4, 2-propanol; D, diethyl ether; 1 petrolenm ether; I, meth-

¢ Analyses by Micro Tech Laboratories, Skokie. Il

TasLe 1
CHEMOSTERILANT ACTIVITY 01 CoMPOUNDS
et
stersloi
welyvys

Cinapd Rirneige

1 [{C1).N [N 11L.PO 0

2 [{CIL):N[NTHCILPO +

3 [(CH).N.NHCI1,PO 5
4 [{CH )N NH--CI: PO -+

b) kr(tHg)_ﬁl\'gQ.\';W>1xo 4-

b CCHL LN \/ oro .

B LCCH NTN==CN(CH;y)s PO 0

N [(C1)N[PO 44
i TCH NG H R PO -
o UHCH)N].C==22N 3,10 u

e (NH. )8 4
j2t {CIT,NH DS +
134 [(CT) NP8 +4-

Ve
4y \()‘"-J> ) -+
15% +
16 ) 4-
Activity seale:r 4 = as ligh ax HEmea,? + = lower tlan

HEMPA, O not detectable. ™ K. L. Arcenanx, J. (. Friek, Jr.,
15, K. Leonard, and J. D. Reid, J. Ocg. Chem., 24, 1411 (1059,
¢ This compound ix nrentioned in connection with plant metuab-
olism studies by D. F. Heath, D. W. J. Lane, and P. O. Clark,
Pkil. Trans. Roy. Soe. London, 239B, 191 (1955). ¢ M. Prianka
and B. D, Owen, J. Appl. Chem. (London), 5, 525 (1935). < 11,
Klement, Inorg. Syn., 6, 111 (1960):  H. Tolkmitly, /. Am. Cheim.
Soc., 85, 3246 (1965). 7 H. Tolkmith, hid., 84, 2007 (1062).
o L. F. Andrieth and A, D. F. Toy, ihid., 64, 1553 (1942). * Thix
commponnd is wmentioned in several references bt no analytieal
data conld be found for it: of. J. 1L Vin Wazer, C. F. Collis,
J. N. Shoolery, and 1. C. Jones, @i, 78, 5715 (1956): A, B.
Burg and P. J. Slota, Jr., ibad., 80, 1107 (19581; 11, Noth and
1.-J. Vetter, Ber., 94, 1505 (1961).

Physical characteristics and other data coneerning
compounds in Table I which have not been previously
reported in the literature are shown in Table IT or dis-
cussed in the Experimental Section.

Of over 30 compounds tested® only hexamethylthio-
phosphoric trimnide (13) sterilized house flies us ef-
fectively as ummra (8). Replacement of one or more
methy! groups in 8 or 13 with higher alkyls or with
hyvdrogen led invariably to a decrease i activity.
Compounds which differ only slightly from 8 or 13,

() Nermpuing 1ests ol looise iss were perforsed by entnalogists of e
Lntmnology Researcly Division, Agrienltnral Research Serviee, U, K. De-
lartment of Agriculinre, Guanesville, Tla.  Yor details on screewsng pro-
cordnre, of. Ro L. Fye, GG, LaBroegne. and Ho 18, Gouek, J. Eeoy. Eatiomnl.
59, 485 (19G4).



