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Several derivatives of a-tocapherol substitinted av the 3-methyl gronp were <ynthesized from the comman

intermediate, d-chloromethyl-7,8-dimethyltacol acetate.

These derivatives were evaluated far their activitiex

in protecting rabbits against vitamin E deficiency induced muscular dystrophy and rats against dietary necratic

liver degeneration.

It was found that the phytyl side chain of dl-a-tocaplierol contributes to its biological activ-

ity in these animal systems, and that the presence of an intact 3-methyl group, although nat essential for activity,

greatly enhances it,

Several of these derivatives were active in bath test systems, while others were inactive.

Rome crassover of activities was seen in mnsenlar dvstraphy in the rahbit and dietary liver ynecrosiz in the rat.

In a previous publication,! we veported the synthesis
of 5-methyl-substituted derivatives of 6-hydroxy-
2.2 .5,7,8-pentamethylchroman.  The biological ac-
tivity of these compounds was studied in vitamin E
deficiency induced liver necrosis in rats, muscular dys-
trophy in rabbits, chick encephalomalacia, and resorp-
tion of embryo in rats as well as mn vitro respiratory de-
cline of liver slices from vitamin E deficient animals.
These vitamin E model eompounds were of interest be-
cause of their decreased lipid solubility as compared to
vitamin E.  None of these derivatives showed activity
i vitamin E deficiency induced muscular dystrophy in
rabbits, chick encephalomalacia, or resorption of em-
bryo in rats. However, siguificant activity was found
to be present i several of these model derivatives with
regard to preventing the in vitro respiratory decline and
liver necrosis associated with a vitamin E deficient diet
in rats. Compounds 1-4 had some activity in pro-
tecting rats against liver necrosis, while 1 and 5 were
quite active In vitro In preventing respiratory deeline.
The latter experiments indieated that the phytyl side
chain of a-tocopherol was not essential for activity
vitro.  However, in vitro none of the model compounds
was as active us was a-tocopherol.  These results stim-
ulated us to synthesize the analogous 5S-methyl-sub-
stituted a-tocopherol derivatives for biologieal eval-
uation n wvivo. This paper veports these synthetic
studies and the results of biological evaluation of the
derivatives.
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All of the derivatives of a-tocopherol substituted nt
the 5-methyl group were prepared from the common
mtermediate  3-chloromethyl-7,S-dimethyltocol  nee-
tate (8) which wus prepared by a modification of the
method previously reported* (Table I).

Biological Activities. Vitamin E Deficiency Induced
Muscular Dystrophy in Rabbits.-—Nutritional muscu-
lar dystrophy was produced in New Zealand white
rabbits as previously deseribed.®® The compounds
were administered to the animals vig the intravenous
route after they were suspended in water with Tween
S0 (2 drops; 10 ml) zia =onification. The biological re-
sults were evaluated as previously reported.!  Table 11
summarizes these results,

Protection of Rats against Dietary Necrotic Liver
Degeneration.-These studies were conducted ax de-
seribed in the preceding paper.! The tacopherol
derivatives were fed in the diet.  Male Sprague--
Dawley rats were used which had been nmuintained on o
liver neerosis inducing diet for a predepletion period of
14 days after weaning. Table ITI summarizes these
results,

Discussion

In the case of biological activity of di-a-tocopherol
derivatives in protecting rabbits against vitamin B
deficiency muscular dystrophy, we previously had
found that model compounds having a methyl group in
place of the phytyl side chain were not active,!  How-
ever, significant activities were found with some of
these model compounds in protecting rats against

(1) A, F. Wagner, A. Lasi, C. H. 8bhunk, B. O. Linn, D. E. Welf, ., 11.
Hoffman, R. E. Erickson, B. Orison, and K. Folkers, J. Am. Chem. Soc., 88,
1534 (1963).

(5) J. L. Smith,. 11. W. Moore, and K. Folkers, Proe. Sor. Frptl. Biol. Med,,
118, 782 (1965).

(6) 1. L. Smith. J. Scholler, H. W. doove, T. M. Farley, and K. Folkers,
Arch. Biochem. Biophys.. 116, 129 (19661,
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TaBLE I
DERIVATIVES OF a-TOCOPHEROL SUBSTITUTED AT THE 5-METHYL GROUP
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R CH;CO. CH.CI
9 CH;CQ» CH,SCNHNH, HCI, 130-133
10 OH CHN )
11 OH CH.,OCH;
12 CH;CO, CH,.SC,H;
13 OH CH,OC.H;
14 OH CH,OCH.CsH;
15 OH CH_-NDO
16 OH CH.N(CH,), 45-46

CHCls.

“ Rt valnes on silica gel GF-

TanLe 11

Vitamiy E DerrcieNcy Inpucep MuscrLar DysTROPHY
IN THE RABBIT

Dose, No. of Av day

Compd mg/kg iv rabbits of death®

Negative cantrol 6 7 (4-10)
dl-a-Tocopheral acetate 25 6 26 (20-33)
11 50 4 24: (19-28)
8 50 4 8 (13-21)
16 50 4 6 (12-19)
14 50 2 5(13,17)

12 50 4 4 (8-20)

13 50 2 2(9,14)
6 50 2 12 (11,13)
15 50 2 10 (10, 11)

10 350 2 9 (8, 12)

@ Measured from day of initiation of treatment, when all
animals were rated 14 (controls received saline).

dietary liver necrosis. None of the model compounds
approached dl-a-tocopherol in potency. In witro
respiratory decline of liver slices from vitamin E de-
ficient animals was also prevented with some of these
derivatives.

In this study we have found that various structural
changes introduced at the 5-methyl group of di-a-
tocopherol all decrease its biological activity against
both of these disorders. Contrary to the results ob-
tained with the model compounds, several of the 5-
methyl-substituted derivatives of dl-a-tocopherol do
exhibit some n vivo biological activity in the rabbit.
The most active of the series tested (Table II) was the
5-methoxymethyl derivative, followed by the 5-
chloromethyl, the dimethylaminomethyl, the ben-
zyloxymethyl, and the ethylthiomethyl derivatives.
The latter compound doubled the life expectancy of
dystrophic rabbits over the control group when it was
given to them intravenously at 50 mg/kg. It is diffi-
cult to explain the variation in activity with structure
except to point out that even the most active derivative,
11, has to be given at twice the dose of dl-a-tocopherol
acetate in order to attain comparable activity. This
would seem to point out the importance of having an
intact 5-methyl group. The difference between activ-
ity of the methoxy and ethoxy derivatives is surprising.

CH,
(0]
CreHy
R Yield, %’7 Formula Analyses
0.90 40 CaHi: ClO; C,H, Cl
1‘.) Cn]‘l,,C]NzOqS C, I{, C], N, S

0.15 2 CoHyNO, C, H,N
0.65 37 CaoH;:0; CH

0.75 37 CisH6058 C,H

0.70 CarHi404 C,H

0.80 Ci6HiOs C,H

0.30 CyHiNOs C, H

0.10 32 CyHyNO, C,H

b Yields are for analytical samples isolated from thick silica gel plates.
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PREVENTIVE EFFECTS OF TOCOPHEROL ANALOGS ON DIETARY
NEecroTIc LIVER DEGENERATION

Dose, EDs,.”
mg/100 g  No. of No. of A mg/100 g
Compd of diet animals survivors protection?  of diet
dl-a-Tocopheral
acetate® 0.375 45 8 36 0.534
0.75 20 19 94
11 5 20 3 35 7.0
10 15 9 72
12 10 10 3 52 9.6
8 10 14 8 69 12.3
15 10 9 93
13 10 20 1 15 12.8
15 10 7 83
15 10 10 2 21 24.0
9 10 5 0 0
10 10 10 0 0
Tocopheryl-
quinone 10 10 0 0
14 10 10 0 0
16 10 10 0 0
7 10 10 0 0

¢ Per cent protection = 100 — 100V (expt)/Vsi(control),
where V,; is the reciprocal of the survival time. ® Dose in mg of
compound/100 g of diet to give a 309 protective effect, caleu-
lated as previously described: K. Schvxarz and C. M. Foltz,
J. Biol. Chem., 233, 245 (1958). ° Control tests with di-y-to-
copherol acetate, carried out concurrently with assays of the other
compounds. ¢ This figure is slightly less than previously reported
(0.7) because of higher sensitivity of the animals used in the
above assays.
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A comparison of the activity of these derivatives in
the dystrophic rabbit with their activities in dietary
liver necrosis in the rat is interesting. There is some
correlation of activities in the two disorders. Com-
pound 11, for example, is the most active of the de-
rivatives in both test systems, and 8 is also quite active
in both tests. Compound 12 is more active in the rat
than in the rabbit, whereas 16 is active in the rabbit and
not in the rat. A possible explanation for the lack of
activity of 16 in the rat is its reduced absorption when
given orally. Itisa quite polar compound as evidenced
by its R; of 0.10 on silica gel tle. As in the rabbit test,
the 5-methyl group of di-a-tocopherol is quite important
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for activity in preventing dietary necrotic liver degen-
ceration in the rat. In dietary liver necrosis even the
most active of the 3-methyl-substituted derivatives is
far less potent than dl-a-tocopherol itself; it has only
approximately /15 of the activity of the latter.

It is noteworthy that in prevention of liver neerosis in
the rat the activity of all 3-methyl-substituted deriva-
tives of dl-a-tocopherol investigated here is less than
that of vy-tocopherol which lacks the methyl group in
the 5 position.  y-Tocopherol shows approximately
one-fifth of the potency of a-tocopherol in u variety of
biologieal test systems, such as resorption sterility? and
respiratory deeline of liver homogenates of vitumin
deficient animals.®  In museular dystrophy in rabbits,
natural y-tocopherol has been reported to be 309 as
active as natural a-tocopherol while synthetie y-to-
copherol was much less effeetive.”

[t iv interesting to compare the activity of the model
series with the tocopherol series in dietary liver neerosis
i the rat.  Compounds 1-4 were the most aetive of the
model series.  These correspond to dl-a-tocopherol, 8,
13, und 14 of the tocopherol serics.  The methoxy de-
rivative of the model series, corresponding to 11, was
not very active, giving only 139 protection at 10 mg
97 concentration. The model of 12, the thioethyl
derivative, was not evalunted in previous tests so no
comparison can be made. In the model series, again
the importance of the J-methyl group becomes ap-
parent.

Experimental Section®

5-Chloromethyl-7,8-dimethyltocol Acetate (8).—a-Tocopherol
(7.8 g) in 100 ml of 93¢, EtOH and 10 g of AgNO; in 100 ml of
9507 EtOH were mixed and allowed to stand for 0.5 hr at 30°.
During this time the mixture turned yellow and metallic Ag was
precipitated. The solution was decanted and the Ag was
washed with a small amount of E{OH. I1,0 was added to the
combined solntions which were then extracted with petrolenm
ether (bp 30-60°). The solvent was remeved i vecuo and H,0O
and EtOH were removed by azeotropic distillation with PhH.
The intermediate a-tacopherylquinane was purified by colummn
chromatography on silica gel and Florisil using Et.O and pe-
troleum ether mixtures as solvents. The center-cut material
was about 757, of the theoretical and constituted pure a-to-
copherylquinone. The solvent was evaporated, the material was
redissolved in PhH (100 ml), and excess AcCl was added. After
standing overnight at room temperature, the mixture was evap-
orated again ¢n vacuo and the erude ehloromethyl derivative was
purified by silica gel eolumn chromatography. While the crude
yields were essentially quantitative and silica gel tic showed these
products to be reasonably pure, rather higl losses were tolerated
during chromatographic purification in order to abtain ana-
Iytically pure materials in later steps. The over-all yield for the
above procedure was about 409¢.

5-Isothiocarbamidomethyl-6-acetoxy-7,8-dimethyltocol Hydro-
chloride (9).—The 5-chloromethyl compound 8 (2.27 g) and 330
nig of thiourea were added to 25 ml of EtOH and the mixture
refluxed under N: for several hours. The solvent was removed
in vacuo and the product was chromatographed on a silica gel
column using a series of solvents starting with petroleum ether
and finally removing the product with EtOH. Rechromatog-

(7) L. L. Hove and Z. Hove, J. Biol. Chem., 186, 623 (1044).

(8) K. Schwarz, Vitamins Hormones, 20, 463 (1962).

(9) E. L. Hove and P. L. Harris, J. Nuir., 338, 95 (1947).

(10) Where analyses are indicated only by symbols of the elements or
fanctions, analytical results obtained for those elements or fdnetions were
within £0.49, of the theoretical values.
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raphy af vhis center ent of 1O eluent on ihick-layer silica gel
GF plates with EtOH gave a pure prodnet showing only one spot
i tle (stlica gel GF, FtOH; 0 Be 0.60-L675. The EtOH eluent
from the thick layer was evaporated and Et,0 was added ta the
oily product which precipitated on standing. The yield was 500
mg of white amorphous powdey (197731 mp [50-133° (poorly
definedy; A 19) 8,04, 3.14, 3.27 (N11), 3.69 (CO, ncetate),
6.0, 6.21 (arvl), 9.28 (COC, chiroman),

5-Piperidinomethyl-7,8-dimethyltocol  (10).—The 3-chloro-
methyl compoind (4 g) was warmed (70°) witl excess piperidine
in diaxane overnight under N.. A strang KOIT solntian was
added and stirring was continned for several niore honrs.  The
nmisture was porred into eold HoO and extracted (15t.0), and
the Et.0) was washed, dried (Na.30)), and evaporated a vacno
The hrown oil residue was chiromatographed on s silien gel cohnnn
and the center env was again cliromatographed twice an silica gel
thick-layer plnes.  Ahont 1 g (25570 of an analytical sample was
recavered from the plates, which showed one spot on tle.

5-Methoxymethyl-7,8-dimethyltocol (11).--Nu (0.5 g) wis
dissolved in 25 ml af MeOH and 3 g of 8 was added.  The mixture
was refluxed for several homs under N and then poured into 100
ml of cold TLO. Tt was then exirncted (1£6,0), washed, dried,
and evaporated i raviw. The brown oily product was chranna-
tagraphed on a stlien gel colnmn with ether-petrolemn ether
mixtures.  The center ent was rechromatographed on Florisil.
The center cut from the Florisil column was then chromato-
graphed on thick-laver =ilica gel GF plates with CHClL, The
analytical sample, 1.5 g {377%), was ohtained as a straw-colored
viscous oil, which gave only one spot on tle.

5-Ethylthiomethyl-7,8-dimethyltocol Acetate (12).-—Na (1.5 g}
was placed i 100 ml of dry PhIT containing excess EtSH.
After the Na dixsalved and only a clondy precipitate remained, 3 g
of 8 was added and the mixiure reflixed for 7 hr under N.. 1t
wis then poured into tee-water, the praduct was extracted (PhIl),
washed, and dried, and the solvent was removed 7n vacuo. The
crude praditet was cehromavographed on silica gel GF unibars
using CHCl: as o solvent. 'The product was cluted from the
silicn gel and chromatographed again on silica gel GE thick-layer
plaies using petroleum cther-CIICl mixtures.  The analytical
simple obtained was a pale vellaw, almost colorless viseous oil,
which showed only one spot on tle siliea gel GF-CHCl,; vield 2
FEB YR ON

5-Ethoxymethyl-7,8-dimethyltocol (13) was prepared by the
same procedure ax that nsed for 11, The product showed one
spot an silica gel GF-CHCl,.

5-Benzyloxymethyl-7,8-dimethyltocol (14) was prepared hy
the same procedure as that used for 11 except that some residnal
benzyl alcohol renained in the erude product. This was easily
rentoved during the chramatograplhic procedure, however, since
it 1s much more strongly adsorbed. The final produet showed
only one spot on thin-laver silica gel GF--CHCl,.

5-Morpholinomethyl-7,8-dimethyltocol (15) wus prepared as
was the S-piperidinamethyl compomnd (10). The product, a
straw- colored viseons oil, gave only one spot on thin-layer silien
gel GI--CHCl,.

5-Dimethylaminomethyl-7,8-dimethyltocol (16).-—The H-chlo-
rontethyl compound (5 g) was dissolved in 100 ml of PhH and
stirred while Me.NH wax bubibled throngh the cold solution over-
night.  The temperature was then slowly yaised to reflux withont
interrnpting the flow of amine.  After a few hours at reflux, the
solvent was removed in recuo and the sticky-brown, oily product
was chromawographed on u silicn GE nnibar using CHCl; as a
solvent. Rechromatography on siliea gel GF thick-layer plates
sing petroleam ether-CHCI, mixtures gave o thick oil which
erystallized on standing to 1 waxy solid, mp 43-46°, vield 1.5 g
(329%).
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