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cedure described above failed. Reaction couditions were
varied from ice temperature for 2 hr. to reflux temperature for
I hr. In one run a small amount (ca. 10 % by weight of the ma-
terial subjected to the reaction) of crystalline substance, ni.p.
171-173°, was obtained after elution chromatography of the
oily residue. The infrared spectrum of this material showed
banuds at 3.0 (N-H), 6.03 (C==0), and 8.1 ux (Si-CHa). The struc-
ture of this material was not determined.

Ultraviolet Spectra,—Tlie saniple was dissolved in 707 aque-
ous  ethanol.  Since the spectra of these spirobarbiturates
change with time, the solations were used within 1-2 hr.  For
1he neutral solutions an aliquot was diluted to the proper volume
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with 7070 ethancl. 1o the basic solutions, «n alignet was
diluted to 1lie proper valume using NaOH (7007 ethanol solution:
0.01 .V final volume). These latter solutions were run within 73
i, of mixing. The spectra were run from 3500 to 2150 A,
The ultraviolel duta obtained are suwmmnarized i Table 11
The data obtained for diethylbarbival were: neutral soludin,
e1id absarption: 0,01 N NaOH, Apax 2400 AL (e 9651).

Infrared Spectra,—- The infrared spectrun for ench of the spive-
barbitarmtes was ruil g o mineral oil mull.  The hands vbhserved
i1 the N-H vegion (2.7 (0 3.3 p) and in the C==) region 13,3 to
6.2 p) are sutmnarized in Table IT. For the spirathicharbiurates.
1e bands W the 6.5-g reglon (C==X1are adso tahulited
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A series of carbamoylpiperidine derivatives has been prepared.
derivatives*? upon isolated human plasma cholinesterase was determined.

The inhibitory activity of rhese and simiia
The results are discussed prunarily

in terms of the effect on blochemical response elicited by variations in the amide funetion.

In previous investigations, we have explored the
cffect of compounds of several series of carbamoyl-
piperidines  (piperidinecarboxamides) upon isolated
human plasma pseudo-cholinesterase,” and the re-
spective relationships with surface-active properties.?
The very interesting results obtained in these studies
prompted additional synthetic® and physicochemical®*
investigations designed to elucidate further the in-
fluenee that structural variations i the inhibitor mole-
cules have on isolated cholinesterase systems. We
have prepared additional mono- and bis{carbammoyl-
piperidino)cthanes and -decancs, reported here and in
an carlier paper,® for the evaluation of their inhibitory
characteristics.

Our carlicr work® viclded data reflecting responses
effected by (1) the nature and degree of alkyl substi-
tution on the amido function, (2) the mono- and the
corresponding  bis(carbamoylipiperidino)  substitution
on the alkane homologs, (3) the nmuber and arrange-
ment of the methylene units in the alkane component
attached to the ring nitrogen(s). and (4) unsatnration
i the piperidine ving.

This article deals primarily with the offeet of
structtural variation in the amide function upon hio-
chemical response.  More specifically. we were -
terested in the effect such molecular modification
might elicit on the latter response in terms of (1) the
cleetron densities around the carbonyl function,” and
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(2} the lvophobie-Ivophilic nature of substituticn.”

Experimental

Synthetic Work.” -~ "The chemisiry of soime ol owr peperidine-
carboxamide derivatives lias been reported previnusly.

3-(Piperidinoformy!)pyridine (XXI)."'-—This ompound was
prepared from nicotinic acid. Tt distilled at 115-11<% (0.17
nim. ).

3-(Morpholinoformyljpyridine (XXII)."*--Thix compomund was
also prepared from nicatinic acid. Tt distilled ot 135-140°
(0.4 mw. ).

The compounds deseribed i1 Table T were prepored by the
tollowing procedures.

Procedure A.'* 1-Decyl-3-(N-ethylcarbamoy!)piperidine Hy-
drobromide (IID),N-Ithylnicotinamide (50 g, 0332 mole)
and F-bromodecatie « 75,4 g., 0.332 niole) were heated ar 130° for
© hr. After conling rhe reaction mixture, the solid product was
dissolved in aquecus ethanol, and the solution was sabjected to
hydrogenation in the presence of | g of pliinun, oxide at
paxinnun pressures ol 3.16-4.51 kg et c43 e W psal s
When absarption of hivdrogen ceased, the catalyst was veunwved hy
filtration and rhe solvent wus remaved 7n cacno 1ilzing o
rofary evaporntor,  Residual traces of moisture were removed
fram the oily product by azeotropic distillation with absclnte
ethanol and/or benzene, and the praduct was purified by ve-
vrystallization.

Procedure B, 1-Decyl-3-(piperidinoformyl)piperidine Hy-
drobromide (XII).--3-Piperidinoformybpyridine (25 ¢.. 0.131
nole) and 1-bromodevane (73 g.. 0.330 niole’ were dissolved in
200 mil. o anliydrous benzene, and the solution was refluxed
for 53 hr.  The aily precipitate produced in tlie reaction was dis-
salved in 150 nl. of water, and the solution was washed with
henzene, treated with charcoal, and filtered. The soluiion wns

(83 ). Thows :nd W, Marlow, J, Med. Chem., 6, 107 1943,
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710j Melting points were deterinined with a Hershberg-type upparatus
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Analyses by Drs. G, Weiler and F. B, Strauss, Oxford, England.
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712) R. H. Harradence aml I'. Livns, J. Proc. Roy. Soro NS0 Wales, 70,
128 (1037); Chem. Abstr., 31, 6662 (1937).

(13) M. T, Zienwy, J. Awm, Dharm. Assoc., Sei, Ed,, 3T, 9 7 (4%,
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TasLE 1
PROPERTIES OF CARBAMOYLPIPERIDINE DERIVATIVES
Method

of Yield, Recrystn.,  M.p.. ———C, Y-——~ ——H, %——~ ~-—7DBr, %-——— ~—N, G —

No, prepn, D Salt solvent? °C, Formula Caled. Found Caled. Found Caled. Found Caled. Founil

I A 100 HBr E 164.4~  CisHsBrN20 55.01 54.86  9.52 9.65  22.87 22.90  8.02 8.08
164.6

11 B 75.8 HBr E 77.2~  CrHsBrN:0 56.19  56.01 9.71 9.54  21.99  22.05 7.71 7.84
78.3

111 A 83.6 HBr EA 102.5~  CisHaBrN:0 57.28  57.00  9.88 10.07 21.17 21.20 7.42 7.62
103.0

X B 78.3 HBr E-EA  167.3~  CiHsBrN:20 51.15  51.16  8.26 $.27 26.18 26.18 9.18  9.35
167.8

X B 53.8 HBr E-EA  186.2~  CiHnBrN:0: 16.91 16.83 7.35 7.47 26.01 25.84 9.12  9.17
187 .1

XII B 90.9 HBr E-EA  174.8-  CyHaBrN:0 60.42  60.39  9.90 9.71 19,14 19.18  6.71 6.69
175.3

XIII B 65.3 HBr E-EA  133.2—  CypH»BrN:O:  57.26  57.18  9.37 9.48 19.05 18.92  6.68  6.5%
134.5

XX c 80.3 2HBr E-EA  209.0~ CwHoBreN:O:  55.40  55.31 8.73 3.65  23.07 22.85  8.09 7.83
209.1

¢ Crude yield. ° E, ethanol; EA, ethyl acetate.

then subjected to hydrogenation and subsequent purification as
described under procedure A.

Procedure C, 1,10-Bis[3-(piperidinoformyl)piperidino}decane
Dihydrobromide (XX),—3-(Piperidinoformyl)pyridine (30.6 g.,
0.266 mole) and 1,10-dibromodecane (39.9 g., 0.133 mole) were
dissolved in 200 ml. of anhydrous benzene and refluxed for 35
hr. The precipitate formed during the reaction was then
treated as described under procedure B.

While the inhibitory properties of the following compounds
are still in the process of being determined, their synthesis is re-
ported at the present time.

Procedure D,'* 1-Methy!-3-(pyrrolidinoformy!)-1,2,5,6-tetra-
hydropyridine Hydrochloride (XXIII),—1-Methyl-1,2,5,6-tetra-
hydropyridine-3-carboxylic acid (39 g., 0.276 mole) was covered
with 250 ml. of anhydrous benzene, and thionyl chloride (164.2
g., 1,380 moles) was added gradually. The reaction mixture was
refluxed for 3 hr. after which excess thionyl chloride and benzene
were removed by distillation in vacuo. The residue was dispersed
in 250 ml. of anhydrous benzene, and pyrrolidine (98.2 g., 1.380
moles) was added gradually. The reaction mixture was refluxed
for 6 hr., cooled, treated with 400 ml. of cold, aqueous 409
potassium hydroxide solution, and extracted with benzene.
The combined benzene extracts were dried (MgSO,) and filtered,
and the benzene was removed by distillation under reduced
pressure. Distillation of the residual dark oil gave a yellow oil,
b.p. 122° (0.17 mm.), which was dissolved in dry ether and con-
verted to the hydrochloride by the addition of a solution of dry
hydrogen chloride in dry ether. The hydrochloride (55 g.,
86.49) was then purified by recrystallization from absolute
ethanol-ethyl acetate. It melted at 194.6-195.4°,

Anal.  Caled. for C,H,oCIN,O: C, 57.26; H, 8.30; Cl, 15.37;
N, 12.14. Found: C, 57.25; H, 837; C],15.20; N, 12,11,

1-Methyl-3-(morpholinoformyl)-1,2,5,6-tetrahydropyridine
Hydrochloride (XXIV),—This compound was prepared by
procedure D. The free base distilled at 150° (0.7 mm.). The
hydrochloride (40.5 g., 39.09;), recrystallized from absolute
ethanol-ethyl acetate, melted at 227.0-227.8°.

Anal. Caled. for CyH;CIN:Os: C, 53.55; H, 7.76; Cl,
14.37; N, 11.35. Found: C, 533.80; H, 7.92; Cl, 14.15; N,
11.21,

1,10-Bis[3-(morpholinoformyl)piperidino]decane Dihydro-
bromide (XXV)—This compound was prepared by procedure
C., The product (35,2 g., 51.89%,), recrystallized from absolute
ethanol-ethyl acetate, melted at 241.0-242.0°.

Anal. Caled. for CyuH;Br-NJO,: C, 51.72; H, 8.10; Br,
22.94; N, 8.04. Found: C, 51.80; H, 8.20; Br, 22.80; N, 7.97.

1,2-Bis[3-(morpholinoformyl)piperidino]ethane Dihydro-
bromide (XXVI).—This compound was prepared by procedure
C. The product (11,2 g., 18.4%,), recrystallized from methanol,
melted at 278.1-278.6° dec.

Anal. Caled. for CyHsBrN.Os: C, 45.21; H, 6.90; Br,
27.35; N, 9.539. Found: C, 45.28; H, 7.11; Br, 27.20; N, 9.45.

1,2-Bis[3-(piperidinoformy!)piperidino]ethane Dihydrobromide
(XXVII).—This compound was prepared by procedure C. The

(14) A, Lasslo and P. D. Waller, J. Org. Chem.. 22, 837 (1957).
(15) E. Jahns, Arch. Pharm., 339, 680 (1891),

product (12.7 g., 10.04), recrystallized from absolute ethanol-
ethyl acetate, melted at 269.4-269.7° dec.

Anal. Caled. for C,HuBrN.O,: C, 49.66; H, 7.64; Br,
27.54; N, 9.65. Found: C, 49.45; H, 7.69; Br, 27.42; X\,
9.66.

Biochemical Evaluation,—Manometric determinations were

carried out on a GME-Lardy RWB-3 Warburg instrument,
using 15-ml. flasks. Predomiinantly, acetylcholine iodide was
used as a substrate (8.22 X 1073 M concentration in the final
reaction mixture). A Krebs-Ringer bicarbonate buffer,
consisting of 2.3 X 107 M/ NaHCOs;, 7.5 X 102 M NaCl,
7.5 X 1072 A KCl, and 4.0 X 1072 M MgCly-6H:0 was pre-
pared according to Cohen's*; the final reaction mixture was
calculated® to yield a pH of 7.6 with the indicated NaHCO;s
concentration, in a gas phase of 5% CO, and 959 N.. at 37°
(740 mm.). The displacement of air in the reaction wvessels
with the above gas mixture was carried out by means of a gas-
exchange technique'® under reduced pressure. The reaction
volume totaled 3.20 ml., with 0.60 ml. of substrate solution in
the side arm and all other reaction commponents in the main com-
partiment. The compounds were introduced in 0.08 il of
aqueous solution appropriately concentrated to yield the desired
dilntion of the compounds in the final reaction mixture. Equi-
libration was initiated at —60 min. with readings every 5 min.
beginning at —235 min. Dumping was effected at 0 miu., with
the side armn being washed twice with the reaction mixture.
Each manometer was read precisely at electrically timed 10.0-
min. intervals during the reaction period of 0 to 460 min. 'The
rate is expressed as ¥ = {[(ul. of CO. at 30 min.) — (ul. of COs
at 10 min.)] /201 X 60, where 1~ signifies ul. of CO+/hr. evolved
within the reaction interval of +10 to 430 nin., during which
time the rate is linear in all instances. The percentages of
inhibition are reported as I = [(V. — V;)/V] X 100, wlere V.
represents the control rate and 17; the inhibited rate.

All reagents were prepared using redistilled water, registering
at least 73 dynes/cm. (uncorrected) in surface tension nieasure-
ments on a Kahlsico TEO3 du Nouy interfacial tensiometer.
Cholase (Cutter Laboratories, Berkeley, Calif.), a lyophilized
cholinesterase preparation obtained through extensive alcoholic
fractionation of large pools of normal huinan plasima, was the
enzvie used. It was stored at —253° with the temperature
being continuously registered by a spring-activated temperature
recorder.

As reported previously,”” our system was kinetically char-
acterized'® and the systen’s response checked against established
inhibitors.?

All compounds were screened first for inhibitory properties at,
1.0 X 103 M concentration. For purposes of our evaluation,

(16) ""Manometric Techniques,” W, W, Umbreit. R. H, Burris, and J. F
Stauffer, Ed., 3rd Ed., Burgess Publishing Co., Minneapolis, Minn., 1957: (a)
p. 149; (b) p. 25: (¢) p. 71.

(17) A. Lasslo P. D. Waller, A. L. Meyer, and B, V, Rama Sastry. J.
Med. Pharm. Chem.. 2, 617 (1960).

(18) (a) H. Lineweaver and D. Burk, J. Am. Chem. Soc,, 56, 658 (1934):
(b) M. Dison, Blochem. J., 85, 170 (1953): (¢) J. M. Reiner, ""Behavior of
Enzyme Systems," Burgess Publishing Co., Minneapolis, Minn,, 1958, p,
28: (d) G. E. Briggs and J. B. 8. Hualdane Biockem. J., 19, 339 (1925).
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TasLr 11
THE INFLUENCE OF ALKYL SUBSTITUTION” 1IN THE AMIDE
FryerioNn vpoN THE CHOLINESTERASE INHIBITION ([ ==
S.E.) 0F CARBAMGYLPIVERIDINODECANES

o

HX: “NZ—(CH,),-—CH,
H H

CH, CoH,
I 1

(3.4% £ 0.1051 X 1073/ (1.371 £ 0.007) X 1073

\ CH, C.H,

“CH. “C.H,
v v
(2,17 £ 0.10) X 10731/6 (0.527 &= 0.01}) X 10724
“Taft’s polar substituent constantz (¢*)®: H = 4049,
CH, = 0.00, C:H;, = —0.10. " The chemistry of this compound
hax been previously reported.3 ¥ The chemistry!* and biochenii-
cal evaluation? of this componud have been previously reported.

Vol. 7

Snedecar and Cochran'® was less than 5¢, and i never exceeded
gy

o

Whenever the evaluated base was ussociated with a previously
untested salt-forming acid component, the specific effect of the
anion on the enzyme systeun was carefully checked.

Results and Discussion

The results of onr biochemical evaluation of (he
wember compoumds of the several subjeet sories arve
presented in Tables [T and 111,

Wilson and his associates” have advanced an explana-
tion for cholinesterase nhibition of compounds con-
taining the O==C R function based on the “effect
of the substituting (R) group upon the clectrophilic
character of the carbouyl carbon.””7*  They show, for
example, in going from nicotinamide (3-carbamoyl-
pyridine) to nikethamide [3-(N,N-diethylecarbamoyl)-
pyridine], that thv clectrophilicity of the carbouyl
carbon should increase and, thus, nikethamide should
be the stronger inhibitor; this was shown experimentally
to he the case,

Classically, alkyl groups have been accepted in
organic chemistry as clectron donors.  In classifying
hydrogen aund alkyl groups as eleetron donors according
to Taft’s ¢*-valnes™ (sce Table II), the order of m-
creasing  electron-relvase potential iz 1 < (CHy <
CaH;, Thns. the relative eleetron contribution to the
carbouyl function i a scries of N-substituted amides
car: be estimated accordingly.  With the increasing
clectron-releasing potential of the respective snhbati-

TasuLe 111
YELATIONSHIPS BETWEEN THE MOLECULAR CONSTITUTION OF SUBSTITUTEU (ARBAMOYLIIFERITIIN BN
axt THEIR ErFeers tpoN Tsoraced Husax Prasyua CHOLINESTERASE

¢ >—CONR:R:

(P CONRR: 7 CONT R

i

NG e o S RERN
HX- NZ~CH2,—CH, NTCH ) — CHAN PHX
e ey EE ] e o o ey == 4 . o ] . W=
SNRy Ry Coanpd. (s = N X 107 Compd. sy = 2L X 10 Conijal, oo = S0 X 10 Catael, e m SUEL 16
AN(C s V1 4 v (2,17 = 0.10" NIV 1z s 1T NV 0TV O
~NiC:Hsfs Vil 8.5 = 0.5t v (0.627 = 001" ALY aT A 10 VI e s Gy
-\ | Vil [ T I X1 (0,766 = V.0085:" Nyl RN (AR O U NIN AN =01
~-N IX G2 1S X11 0318 = V.0l AGAN CLGGY 0 0]
/ - -
-N O N Inlib. net sig. at X111 (2.57 4= 0.125
N/ 100 X 10-5 .\

“ The chemistry of this compound lias been previously reported.? "The chemistry* and biochemical evaluation? of this compoumi

have been previously reported.

*The I, = S.E. value of the corresponding 3,4-unsaturnted derivative [l-ethyl-3-(N,N-dicthyle:-
bamoy])-1,2,5,6-tetrahvdropyridine hydrachloride,® XXVIII] is (197 4 12.0) X 10721/,

“ The I, = S.I. value of the carrespanding

4-carbamoyl-substituted derivative? [1-ethyl-4-(N,N-diethylearbamoyl)piperidine hydrobromnide, XXIX] ix (283 £ 14£5) X 107/,
¢ The I's, &= S.E. value of the corresponding 3,4-unsaturated derivative? [1-decyl-3-(N,N-diethyleurbamoylj-1,2,5,6-tetrahydrapyridine

Lhydrochloride, XXX] ia (0.670 2= 0.003) X 1073

concentration of the compound effecting 50 inhibition.

compounds exhibiting less than 15¢; inhibition under these
conditions were not considered further; at least two independent
duplicate determinations were run to confirn responses of less
than 159 inhibitory action. Conversely, au observed inhibi-
tion of 1597 or higher at 1.0 X 103 M concentration was deenied
sufficient to warrant further evaluation.

The effect of sucli compounds was evaluated at four appro-
priate concentrations, with at leust two independent duplicate
determinations for each concentration, and the Iz (inolarity of
compound effecting 509, iuhibition) was graphically determined.
In most instances, the standard error computed according to

f The Ty £ S.F. value for the corresponding 4-carbaoyl-substituted derivalive®
11-decyl-4-(N,N-diethylcarbamoyl)piperidine hydrobromide, XXXI] is (2.65 == 0.18) X 107717,

v The /.. value is defined as the nmibar

tution, a morc ctfective inhibition is elicited, indicating
that the affinity of the cnzyme’s esteratic site for the
correspondingly substituted carbonyl! function is in-
creasing.

By applying these principles to the amide funetions
of these cholinesterase mhibitors, one may arrive at an

(19) G. W. Snedecor and W, GG, Coebran, “Statistical Methnds,”™ 5th L4,
Towa State College Press, Ames, Iowa, 1956, pp. 42-45.

(20) R. W, Taft, Jr..in "'Steric Effects in Organic Chemistry.”” M. S, New-
man, Ed.. John Wiley and Sons, Inc., New York, N. Y., 1956, p. 501,
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expected order of activity, expressed in terms of the
-NRR, segment, paralleling that of the respective
Iy values (see Table II), Indeed, the significant
parallel of these relationships holds true when it is con-
sidered in three additional sets of compounds listed in
Table III (VI and VII, XIV and XV, and XVII and
XVIID).

An additional factor which should be considered in
predicting comparative anticholinesterase activities
of alkyl-substituted amides is the lipophilic-lipophobic
nature of the substituent groups. As the N-substi-
tuted group becomes more fat soluble, the lipophilic—
lipophobic ratio for the substituent should increase in
the order H < CH; < C,H;. This leads to the same
order of activity suggested earlier.

Our study of variations in the amide structure was
extended to include cyclic pyrrolidide, piperidide, and
morpholide substituents. As expected, the piperidides
(Table III, compounds IX, XII, and XX) were in all
instances more powerful inhibitors than the correspond-
ing pyrrolidides (VIII, XI, and XIX). Likewise,
as anticipated, the morpholides (X and XIII) were
weaker inhibitors than the similarly constituted
pyrrolidides or piperidides. Thus, replacement of a
methylene group in the 4-position of the piperidine
ring by an electronegative oxygen (or introduction of
oxygen into the pyrrolidine ring) results in a marked
lessening of activity. This may be due to two factors:
(1) the ring oxygen competes with the electron-at-
tracting part of the amide function for the electrons of
the morpholide’s alkylene units, aud/or (2) the de-
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creased lipophilic character of the inhibitor molecule
resulting from replacement of the piperidide with the
more polar morpholide.

Isomers containing the amide function in the 4-
position (Table III, footnotes d and f, compounds
XXIX and XXXI) were less effective inhibitors than
their 3-substituted counterparts (V and VII); thisisin
accordance with Wilson and Quan’s conclusion,®
relative to interatomic distances between the pertinent
reactive functions.

The 3,4-unsaturated analogs of derivatives V and
VII (Table I1I, footnotes ¢ and e, compounds XX VIII
and XXX) were less effective than the corresponding
saturated compounds, confirming our earlier findings?
concerning the introduction of 3,4-unsaturation into
the piperidine moiety.

An important objective of this study was to sub-
stantiate further the data obtained in our preceding
experiments.? We consider it an hnmportant observa-
tion that, in each instance, (1) among the decanes
the monosubstituted one is the more powerful inhibitor,
and (2) among the ethanes the bis-substituted deriva-
tive has the more potent inhibitory action.

A more comprehensive interpretation of this work
and that currently in progress will be reported at a
later date,

Acknowledgment.—We wish to acknowledge vatuable
discussions with Dr. Andrew Lasslo which contributed
to the successful completion of this phase of our study.

(21) I, B. Wilson and C . Quan, Avch. Biochem. Biophys., T3, 131 (1958)

Thyroxine Analogs. XI.!

Structural Isomers of 3,5,3’-Triiodo-pL-thyronine
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The synthesis of two structural isomers of 3,5,3'-trilodo-pL-thyronine is described, namely, 3-[2-(3-iodo-4-
hydroxyphenoxy)-3,5-diiodophenyl]-pL-alanine (VIIa) and 3-[5-(3-iodo-4-hydroxyphenoxy)-2,4-diiodophenyl]-

pr-alanine (VIIb).

Both isomers were found to be inactive in an antigoiter assay in the rat which would have

determined activity greater than 1.59 that of L-thyroxine.

The r-alanine side chains of the thyroid hormones,
thyroxine (Ia) and triiodothyronine (Ib), have been
replaced by a variety of ionizable groups with reten-
tion of thyroxine-like activity.? However, no such
side-chain-substituted analog has proven more potent
than the naturally occurring hormones with respect
to the major physiological effects in the intact animal.
Unusually high activity found for the aliphatic carbox-
vlic acid side-chain congeners in inducing metamor-
phosis in tadpoles appears to be related to the absorp-
tion of the analogs from test solutions in which the

(1) (a) Paper X: E. C. Jorgensen and R. A. Wiley, J. Med, Chem., 6,
459 (1963). (b) This investigation was supported by Research Grant AM-
04223 from the National Institute of Arthritis and Metabolic Diseases, U. S.
Public Health Service, (c) Presented before the Division of Medicinal
Chemistry. 148th National Meeting of the American Chemical Society,
Chicago, Ill., Sept., 1964,

(2) (a) H. A, Selenkow and S. P. Asper, Jr., Physiol. Rev., 85, 426 (1955);
(b) T. C, Bruice. N, Kharasch, and R. J, Winzler, Arch. Biochem, Biophys.,
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