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MDA-MB-435_H R . Cells T ] L Nud
Mean tumor Weights (mg) Following Treatments
Treatments 1 4 7 10 14 17 21

L
C
L
L
{
L

[ Vehicle 70.1 98.2 119.5 153.2 172.8 203.7 226.1
E#l (20 mg) 70.1 85.8 123.9 127.9 147.2 143.8 179.4
[#1 (30 mg) 68.1 85.7 87.3 98.4 126.6 118.7 1252
“Taxol 707 71.5 382 11.7 5.7 36 638
DU-145. B P - Cells T | L Nude Mi

E Mean tumor Weights (mg) Following Treatments
[(Treatments 1 5 8 12 15 19 22
EVehicle 66.5 111.4 167.1 258.5 351.1 458.3 540.9
(#1 (20 mg) 66.5 103.5 137.9 208 254.8 362.2 370.5
E#l (30 mg)y 67.8 102.5 131.3 241.2 256.8 3799 407
[Mitoxantrone 66.8 107.2 141.1 185.4 205.2 325.3 389.4
HT-29 Human Colon Cancer Cells Transplanted into Nude Mice

[ .Mean tumor Weights (mg) Following Treatments
EI‘Leatments 1 5 8 12 _15 19 22
(Vehicle - 80.3 91.7 133.2 185.6 204.8 260.1 372.2
E#l (20 mg) 59.5 84.0 97.0 124.6 147.3 198.0 248.2
(#1 (30 mg) 40.0 83.0 96.7 129.3 144.1 176.1 243.8
ES—FU 59.3 87.5 105.8 145.8 141.6 2123 255.5
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[ Percent mean tumor weight gain (mg) following treatments

' MDA-MB-435 Human Breast Cancer Cells

[ .

[ Percent Mean- tumor Weight Gain (mg) Following Treatments!

[ Treatments 1 4 7 10 14 17 21

EVehicle 100 140.1 170.5 218.5 246_.5 290.6 322.5
[ #1 (20 mg) 100 122.4 176.7 1825 210.0 205.1 255.9
E#l (30 mg) 100 125.8 142.9 144.5 1859 174.3 178.6
r Taxol 106 101.1 -46.0 -83.7 -91.8 -99.5 -90.3
[ DU-145 Human Prostate Cancer Cells

EPercent Mean tumor Weight Gain (mg) Following Treatments

[ Treatments ! 5 # 12 1.5 16 272

" Vehicle 100 167.5 251.3 388.7 528.0 458.3 689.2
E#l (20 mg) 100 155.6 207.4 312.8 383.2 362.2 544.7
(#] (30 mg) 100 151.2 193.7 355.8 378.8 379.9 560.3
EMitoxantrone 100 160.5 211.2 277.5 307.2 487.0 582.9
[ HT-29 Human Colon Cancer Cells

l Percent Mean tumor Weight Gain (mg) Following Treatments
ETreatmcnts 1 ) 8 12 15 19 22
[ Vehicle | 100 152.1 220.9 307 339.6 431.3 617.2
E#l (20 mg)y 100 141.2 163.0 209 247.6 332.8 417.1

8
4

(#1 (30 mg) 100 139.5 162.5 217.3 242.2  296.0 409.7
9

[5-FU 100 147.6 178.4 2453 247.2 358.0 430.0

O

oooooao
oooooooooobooooooooooboobooooooobooboobooooooooao
ooooooooboooooooooobooooOooooobooooooooao
oooooao

ooooao

O0g0ggoogooooooogoogooooooooan

ooogooooooan
oooooooooobooooooooooboobooooooooboboobooooooooao
oooooooobooooogooooooboooboogooao

oooooano
ooooooooooooooooooboboooooooobobobooooooooao
ooooooooooooooooooboboooooooooboboooooooono
oogagd

oooooao

Uo0ggoooooooogogoooooooogogooooooooaon
oooooooooobooooooooooboobooooooooboboobooooooooao
ooooooooooooogooooobooobooooooao

oooooano

gdggooooooocogogogooooooocfcogogooooooofand




(56) JP 2004-504268 A 2004.2.12

O OO ooo
O Oono;ooOoao
O oo ooOoao

O O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

e ey e [ e s e s s sy |

Ooooooooooooogdg

Oo0oDooo40oUooDoDooggogogIoiooao
Ooooooooooooooogoio;oio;oao

Ooooooooooooogogig

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo
Ooooooggoao
OooOoo0ooooogogoo
Ooo0ooooogoQgoao
OoooooogoQgoo
OoooooogogQgoao
Oooooggoao
Oo0oooogoQgogao
OoooooogoQgoao
Ooo0oooogooQgoo
Oo0oooogogQgoao
OooooogQgoao
Oo0ooogogogao
OooooooQgoao
Ooo0oooogoogoo
Ooo0oooogogQgoo
Oo0oooogQgoao
Oooooggogao
Oooo0oooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoo
OooooogQgoao

Ooo0ooooooo0o oo oooo0 oo oooDooooCODooiogogoQg
Oooooggogao

Oo0ooooooooooooo0ooDoooDooogooDooiogogg

O OO
O 0Oooo
O oOooo
O OO

oad

goog ooaog

O 0Ooooo|i;o
O Ooogoo|io
O Oogoo|io
O 0Ooo0ooo|i;o
O 0Ooo0ooo|i;o
O 0Ooogooo|i;o
O Ooogoo|io
O Ooogogo|io
O 0Ooo0ooo|i.;o
O 0Ooo0ooo|i;o
O 0Ooogooo|i;o
O Ooogooo|io
O Ooogoo|io
O 0Ooo0ooo|i.;o
O Oooo|;
O Oooo|i;o
O Oooo|io
O Oooo|o
O O o oo
O 0o oo|i.;
O Oooo|i.o
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo

oo
g o

g gooooaod
g

ogoao
g

O Oooo

g oboboooboob b0 ooboo ooboobooado
oo ocooooooobooboobo obooo bOooOao
gooooooo ooobo Oob boooob OO oboo

ubodg obobooboooobdobobooboobooboooboobaa
ooooooobooboobooooooooooooooooooooboao

oooooao
ooog O0OaoO

ug b bobooooboob 0oob bbooobob OO obhoobob boboobado
g booo boo ooao
gooooboobo obog ooob boob bobooboboo obooobooob o
oo ooooobob 00 ooo obooo booooo oo

g
u
0
g
U

OooDooooooooogdg

Oo0Doooogogdg

O 0Oooo

Ooooooodgdg

oob0 0obobo0 oDobob boooboooboo ooobao

oo ooo ooobooobodob b0 ooob oooba
oooooooooob0 ODoboocoooooooooao
o oooobooboooboo oo ocooboooboogb 0O
ub oo oobdg oboob oob booo boohob
obooobooboboobooobooobooboooogdnnb
oooooooobooooooooooobooooooooao
ooooboobobooboboooboobobooghb
goooooaao

oooooooobooooooooooobooooooooao
obooobooboboobobobooboobobooghnb
ubooboobobooboooobooboooogdhb
oooooooobooooooooooobooooooooao

u
O
g
u

O
O

O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

O
g
O
O
g
4

O

00 0000
oooooo
ooo 00
OO0y O
oooooo
00 000

O Ooo0ooOoo

[ o R |
[ o R |
[ B R |
[ B R |
[ B R |
[ o R |
[ o R |

10

20

30

40

50



OoOoooooo0o0ooDoooo0oooDoDoooo oo oDoooooooDoDoDooooooooogdg
[ e e e e |
Oo0oooooo0oU0oooooo0UooDoDoDoooo Do oDoDoDoDUo LoD oDoDoDoogogooooodg

e s e e s e e e s s e A
Ooooooooo0oooooo o0 oo ooooooDoDooooDooDoDooooooooofdg

Ooooooooooooooogdg
OooDoooooooooogodg

Oo0ooooooo0 oo oooooooDoooQgogoo-g

OO0 ooooooogoooooog

OoooooogogoaoQg
OooooogogoQg

O

e e B I e S A O N R

O Ooogoo 0O

O Ooooo

O

(57)

JP 2004-504268 A 2004.

gboobobooboobooboobooboobooooobaoado
gooooooao

g o

ooooooooooooooooooboooooooao ood
gbooobooboobooboogoboobooboooboonb oono
ugbobooobooboobooboooboooboadao
oooooooooooooooooboooboooooooao ood
gbooboobooboooobooboboooboonb
ugboobobouoboobouobooboooooboodb uoano
gboooboobooboooobooboooboooboonnb ooano
ooooooooooooooooobooboooooooao ood
ugboobooboobooooboobooooobaoodnb aoano
gboobooboobooobouobooboboooboonb ooano
goooooooooooooooboboooooooao ood
ooooooooooooooooobooboooooooao ood
ugboobooboobooooboobooooobaoodnb aoano
gboobooboobooobouobooboboooboonb ooano
" 0000000000000 0D0O0D0O0O0O00000O0 oogd
"pDoo”" 000000000000 D0O00O000000 ogoao
oo

"pDoo”" 000000000000 D0O00000000 goad
oo

" DO0DO000O00O0D0O00O000O0D0O00O000000 ooano
goooobobbbOeoO0OO0OO0oOooooboOOOOOOOOooOooOonO oogdd
gbooboobooboooobogan
ooooboobobbb0OeOO0oO0oOoOoooOOOOOOOoOooOooOoaon ood
gboobooobooboooobognnb
gboobooboobooooboobooooobaoodb ooano

goboooboooboboobooobooboobooobooboobodnb

.12

gboobobouoboobobouobooboobooboooboouoboooboaa

10

20

30

40



JP 2004-504268 A 2004.2.12

(58)

good

gooad

o

Yo

HD

et

HD

,
EN

v A
™

5
&

podcip it

m
S _\_/\c:
O\_/ Y
el
:

AL T

D B ﬁ

/ ATH

i3

0

oooao

CHA? Lo am b
WA LS (ilj %
2 FL)
Xy s-on e
Bigg- ey
/ PRI D e
2 PR B \uma Lo L
xJz BE A uhwbE Pt ﬁxu_s:\_h \_”.1..«‘:%
_ b WZLACL Al el
Sy PAaTGR
»H i

TN AOUAL AT Hofa ] LR LA LD L QTAN [ L= s £ TS Al LA e = Y

(2~ B IS

sH

L3

5 Al T AL L
D\fﬁ /:AE T4 Y L2 B

)

ol

It

i3]

R G e
AL B L

HEV L WA L
AT A L A e L

- I

WG THOEN

Otz G/M\IE PP IY P RN

¥

METTANH A T LA RHAE A L0 LV L AT R L AT AT LA A Lo 2]

WA

2 [ R e T T R g I
FEAG L v gAar L
y Xy WmhvL carkard -
9 g — gH
E
By . INWd "HOEN THo
»d

B AT e R A A1 o LB (LA e Al L A= LU UKL 2

A ke asariani

HEV AL b g #
= £ N -~
o /_I A AL A A kA L . H
tH 40 HOEN 5
»

VELOANDH NG L UL RAL AL f e = 1

D= [ = UqLF ks sH At
ME N O=X27T2 H




JP 2004-504268 A 2004.2.12

(59)

ugooad

good

Wila kars (L

2
y xfI .y §
AT L s
gt ‘ z nho H ALY *H
B L=
A M ke r i " ~4 N VT LA L A L
WMo Y OERCAGAEES TL g e % Mo fO PN
<) ¥ TP L1005 )
N TEWAEU AL LWL L AT RV L AT L AR L = ]
WAl v o s
[4
st ™
& d
LT AL BN
¥ AL A s
PEAN L AT ear L (]
NQAYOPA R " imnarg cckacs fH
BRI LA 10 (] =
O
AT ALV LO SRV L AT EAUL AT LA LAV L (]
z
24 A F L
e A T L
Y & W T
JIMCT
Ty Y ¥ SO A
Y AT AL G
R o
AW z 2
T L
AT L a gy oM X/\/OI AN T 1 " “H
Ay e ipg——————— WA THoen
A b EE A o " IO THORN 4]
H H
2 ¥
AV LHA AL RN LA bG8 4 f= Y
Bl o o
TIR M s M
z - ¢ ‘. AL A 2
A BRAN L AL O
u Y - kpeaRmi(z obi M e, AL “H ST IRT (2
.,L. y VREERE Ty o dNQ HOEN nh Y = NFA L
i , O Wi e i 01
¥ r

LY T HLA L0 L AFA LA R AL A L LA L= 0O

At AL —

AT A LA L8 L Z!
4 B AL LA e L %o
—y WL LA R L H
H
) 5
w0 'HosN H
rd

A YA L A EACLA (i L0 L XA LA T A LT A LA A Lm0 Y

O 'HO®N (2
AV EERAFCANLLE AT LNENULLE (T
OH 'HowN (e

SO AERALS
FELURVLL(T
N
AL oL TR L
Cs CACT el L
A= L Af LA Al L

4

WU 'HO®N(]

BEERA (A 1 L O L1 A7 oA LA = et L R A |

r

!

oM tz
B fi

4
S
$ B A LA G LT
tH gy o £ AT L
» rarm el AN REANL

WA YA LD LI L AT L ST L

~4
H

1
H

BIER Ay AL

OM "HowK (§
irros iz

z
H
[
EH
’

Cat e L=

WGP EN(T

Al LT R A O = §

A A

LA L= L

R R O A &
P v i

H 0 HOTH

AT LA R LA AL e L=l



JP 2004-504268 A 2004.2.12

(60)

i BIHD £H
sdl H
. o A8 AL A pseLE
-————————— g - L
nh B u Nou {1 T Y Gk H (1 £y W
.- r v
An L=
T
u o ff
Z - .
(IR BT TR A il
sal A Al L aht?
I y HV1 0
O H?O
aL
] & psel (2
e
-t ) e tan
B
| w4
O Abatiafe gy
B A E
T VA T
HZo3 £y
I.
d 1988l (2
sl A N ¢ g et .
£ H H H
3 4 vt
WLLTEE A T L4 RHAUEH LT =2
Ho 16H
4val (e csdl H
- H HOBN (2 osEL iy
sb - O e R 1
m u NOw [ o " AT 6yY "
O r r '

O BB A L TR ER R AN A A2

4 2
%mk - csaL
s | ———T oH
4o /_m\ 1 WO gy
W

u Py g 1

AT LR
z
(1]
N gy
r
w.ﬂ F4
BaL 1831231
" \/ﬁ HOEN
5 —r
o o S NOX L gy H
4
S VLA gl
F4
aL T (o
H -
o Wy Rl s £
yH
7y z
5Bl f
1:
sH l!ﬁw sH
54 N2X L &
r r
R LI AR o S B APl S T P [ R |
z z
o dvad e csaL
sH HOEN 2 sBNIZ
a5 N3 F oy 12581 {1
¥
B T E BRG]

H




w0
jagg
- oy
2
i
4
2 S
. 2 =
- iy N
é 2 i
= i
= 2 N s i
2 iR A Ay =
= SH2 N Nk
h - £ 18
Y L o = [ 2N
1l E) )-:'; :§ S PR
A EFos ER - JEOSS
N T easa N Tlisx
s iRk N o lRis
2 @ml=g#%ct 2 Brn
i =&l asan » QIFI
° 2B % O w7
N Ml ) N =l
Y Y
; 1l
3 &
i <
Y ~ 5
% o i Pd
; [ ]
N
v
=4
- n - o
st lang -
% { )
= =
! PR ;
1, NQHCME Pr‘\""‘\/c\i/\/\ . ”VW\ s
7oL R
o \,‘/ o * /\,//\:/
.
19 133%) 4 g0
i
Moo, iy e,
SMSO /KO T Gy
MG RO £ e /J\f\w/‘/ '
T b
41 {66%]
i
HOZC\/C\/V\
20 NaOH  EICH AT 20 iy
[ /\‘//\,/
S g
42 (90%)
e
W ) {NCrjpC bRy GENMN:NWY\
/\\/\'\ . Y
[N e AR

37 (8a%)

4 3 (95%)

ROy AT A — kAR
i T pr—
ey BRI — 7L L kR
B WH h
30
i
LRk A T
_— T
19h g
i L
' 0Ac
3 2w
A |
W
: MO0
IR
Cas fH WH 45min
COC, g
33688%

ek

AFlE —F 1 T
kil Ak
) 1T H,, —
# 1h N e
o ToH RN
CHE
3 5 a6}

|
Age{id Qs MAh W\“
_—— e T
/\\Y/\\N/!\-‘uf";e
i !

3 7w

day 23

= \\ : gy

T 2

T #H g
L g

j:\\ < \ g ozsan g

=l = uan

NSNS NN

A NNSNSANUNRANANY

R AR S LR RS

(B6) wbiep Apog

JP 2004-504268 A 2004.2.12

C\l/'v\
| i "
/‘\I/*I P

Guaay
' oK

31 [47%)

1 GRS

33,

2 MO0

2. NS0,

GOC,Y;

34 {82%)

bk 3.0 HG,
P b LKB R \I/&I/\

|
B ES—mME el
a7
H L

e

38 teo%l

YE#1H20mg

e W% 1T 20,10 B2F Smy & i

=

T

z ™
oo

s
HiNg
=48
&= =

=8 -
e
<L rn
Fom

I~
2 Eh
g L
B H o
5 3 o
PRI
o3 R
5 5 &



(62) JP 2004-504268 A 2004.2.12

goodgano
(A)

MDA MB-435 & | 7Ll

¥ o0
855 : [ 1
B 5% 3 | —— vah H
Z z5¢ 4 | H
i e o i i 2 we |
i ?\.CE “ i —— € ;
IE:E‘_,‘ ; | ke szimg |
% A0 ! I —o— tami !
e IR S
50 %
ey ; |
4 7 id 14 172
(B)
DU-145 & i o7 B4
F 5o
bl ;
% gggg | ‘l e |
BC0 3 i P
% EE f | o ;
i3 : ! '
ﬁ;ESj i | —A— #1-30mg i
Kzl | !
% 133 g i | —— Mitoartrane
) =2 ‘ — d
[T T TR E I

(o]
HT-29 b | #5EAnE

* T ? r - ]
Esac-a i I —|— Vebicle |
gscc-ﬂ; : o !
iiﬂ:’u‘j ‘l ‘i —— #1Z0mg
B s 2 | o 50m
fizc:-ﬁ ' { o s
%a:né | a5 |
L e o g

Vs s a2 a3z



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

{1%) World Incelleccual Proper

(63)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

rganization
Intemational Brrean

(43] Inlernatipnal Publication Dale
18 August 2000 (16.08.2001)

PCT

(IWARE

(I Incemational Poblication Number

WO 01/58889 Al

=1

©2n
12)
[
26y

30

et

72)

Tngeenatinnal Paten | Classiligation CATD 31120,
COTUH 1706

Internatunsl Applicatiun Nwinber:  PCT/ATSON 168
Ingernatinnasl Filing Date: 9 Fobriay 2000 406 02 2003
Filing Language: Tnglish
Puhlication Language: Fnglish
Priority Dhta;

9(502,597 1L Tebruary 2000 (11.02.300Qy  US
Applicant: RESEARCH DEYELOPMENT FOUNDA-

TION [USAIS): 402 Nowth Division Sweet, Carson Clwy,
NV ROTO3 (U8

Tmvators: SANDERS, Rohert, 2005 Burten Hills
Thive, Austin, TX 78720 (US). KLINE, Rimberdy: 2505
MeCallom. Avstin. TX 73703 (05). IIURLEY, Laurence:
SAL1 Mesa Drive, Koo 1316, Avsiin, TX 78750 (US).
GARDNER. Rohb, 11900 Stonchollow Drive, No. 1031,
Austin. TX TSR 1178). MENCHACS, Marla: 1130
Tanya Trail, Avstin, TX 13726 (1781, ¥U, Weiping; 13413
Lquestrian Cove, Austin, TX TE727 (US), RAMANAN,

301 Sewlh Lakeshare Bovlevard, Avstin,

o

1)

i)

120 FRTAT TUR: LIL, Shengnan;, 3002 Wt 581b Slee,
Nu. 212, Austn, TX 78705 (U8 ISRAEL, Karpn; 3800
Nonh L3S, Ap. 21418, Anstin, TX 78733 (US).

Agenls WEILER, James, E; | Rivorway, Suils 1500,
Houstan, TX T7056 (US).

Disignaiel Stales trafonalt: AE. AG. AL AN AT, AL
AZ. BA B BO.DR.BY, BZ. CA, CIL CNLCR, CULCZ,
DE, DK, DM, D7, BE. FS, FL GB.GD. GE GH, G\, HR,
HU I, 1L, TN 15, TP, K E, KO, KPORR,KZ, 1 LR
LS, LT L LV, Ma, MD, M, MK MN MW, MY, MZ,
N0 NZLPL PT.RO.RUT 5In SE. 5G. SL 8K, SL.TL. TM
TRLTLTE LA, UG 7 VN YL AL AW

Designatel States rregionalis ARTFD patent (11 GM,
KL, L3, MW, MZ. 8D, SL. 52, L4, U4, 2%W), Evrasian
patent {AM, AZ.BY, K&, K7, MDD, R10 T2, TM), Burapean
palent {AT. BE. CH.CY, DE. DK, ES. F1. FR, GB. GR. TE
IT, LU, M, NI, PT, 5E, TR), OAPL powent (BT, BT, CF,
CG. CT, O™, GAL GN, OW, bIL. ME., NT, 8¥, TD, TG

Published:

with interaathoned seareh repove

For nwo-fetter codies cnd other abbreviaoipns, vorer eo the "Gukd-
ance Nates on Codes and Abbieviations ™ appearing af the begin-
ity of goch regaeay e of the PO Crazerte

WO 01/58889 Al

(57) Alvract: The peesnt invention prvides an
Tuving the struciurs formula (T3 whersin X 3 osvpe
selected fram the gronp consisting of exvgen, nitrogen and sulfur wherein when
¥ s pRygen or nifrogen, n s 1 and whan ¥ is sulfur, 0 is . AlSo provided is a
b for juchincings apoplosis in u c2] comprishig sdiinstecns @ compusitio
comprising a componnd.

TCACOPHEROLS, TOCOTRIENOLS, OTHER CHROMAN AND SIDT CHAIN DGRIVATIVES AND USES

prlifacative. com ponnc
. vitrogan or sulfum ¥ is

JP 2004-504268 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

135

20

(64)

W) (0158889 PCTAISN /04168

TOCOPHEROLS, TOCOTRIENOLS, OTHER CHROMAN AND SIDE
CHAIN DERIVATIVES AND USES THEREOF

BACKGROUND OF THE INVENTION

Ficld of the I :

The present invention relates generally to the fields of
organic  ¢hemistry  and  antiproliferative  and  pro-apoptotic
compounds. More specifically, the present invenlion relaies to
chroman-based compounds and derivatives and analogs therecf,
and  their uses as cell  anti-proliferative, proapoptotic,

immunomodulating, and anti-viral agents.

Description_of_the Related Art

The biology of cell proliferation and cell death
{apoptosis) is oxtremely complex, involving multiple intraccllular
signaling pathways and muliiple interacting gene products. Cancer
cells may exhibit multiple defects in normal regulatory conirols of
cell proliferation  which allow them to increase in number.
Furthermare, cancer cells exhibit defects in mechanisms that are
iuvolved in eliminaling abnormal cells by rmulii-step processes
referred  to as programmed cell death or apoptosis. Thus,
combinations of unregulated cell proliferation and suppression of
death inducing signaling pathways give cancer cells both growth and

sarvival advantages.

JP 2004-504268 A 2004.2.12
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‘Whether a cell increases in numbers or not depends on a
balance of expression of negatively-acting and positively-acting
growth regulaiory gene products, and the presemec or absence of
functional cell death signaling pathways. Negative-acting growth
regulatory genes coniribuie to blockage of cells in the cell cycle.
Positive-acting growth regulatory genes stimulate cells to progress
throngh the cell cycle. Genes involved in apoptosis can be either
proapoptetic  or aatiapoptotic, and the dynamic balance between
them determines whether a cell lives or dies,

Cancer cells, in order to survive and increase their
numbers, undergo  a series of mutational events over time that
remove regulatory conirols that give them the ability to grow
unchecked and survive ever in the presence of proapoptatic signals,
and develop attributes that permit them to escape detection and
removal by the immune response defense system. Cancers may
cause death of individuals unless removed by surgery or effectively
treated with drugs.

A wide variety of pathelogical cell proliferative
conditions exist for which novel therapentic strategies and agents
are needod fo provids therapeutic  benefits.  These pathological
conditions may occur in almost all cell types capable of abnermal
cell proliferation or abnormal responsiveness io cell death signals.
Among the cell types that exhibit pathological or abmormal growth
and death  characteristivcs are (1) fibroblasts, (2) vascular
endothelial c¢ells, and (3) epithelisl cells. Thus, sovel methods are
needed to treat local or disseminated pathological conditiens in all
or alimost all organ and tissue systems of individuals.

Most cancers, whether they be male specific such as

prostate or testicular, or female specific such as breast, ovarian or

JP 2004-504268 A 2004.2.12
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cervical or whether they affect males and females equally such as
liver, skin or lung, with time undergo increased genetic lesiops and
epigenetic events, and eventually become highly metastatic and
difticult to weat. Surgical removal of localized cancers hag proven
effective only when the cancer has not spread beyend the primary
lesion. Once the cancer has spread to other (issves and organs, the
surgical procedures must be supplemented with other more specific
procedures to eradicate the diseased or malignant celis. Most of the
commonly utilized asupplemcntary procedurcs for treating diseased
or malignant cells such as chemotherapy or bioradiation are not
localized 0 the tumor cells and, although they have a
proportipnally greater destructive effect on malignant cells, often
affect normal cells to seme extent.

Some derivatives of tocopherols, tocotrienals anci
vitamin E have been wused as proapoptotic and DNA synthesis
inhibiting agents. Structurally, vitamin E is composed of a
chromanol head and an alkyl side chain. There are ecight major
naterally occurring forms of vitamin E: alpha {a), beta (8), gamma
(y), angd delta (&) tocopherols and o, B. y, and & tecotrienols.
Tocopherols differ from tocotriencls in that they bave a saturated
phytyl side chain rather than an unsaturated isopremyl side chain.
The four forms of tocophorols and tocotrienols differ im the mumber
of methyl groups on the chromanol head (o« has three, P and yhbave
two and 5 has ane).

RRR-a-tocopheryl specinate s a derivative of RRR-o-
tocopherol that has been structurally modified via an ester linkage
to contain 4 succinyl moiety instead of a hydroxyl moiety at the 6-
position of the chroman head, This ester linked succinate moijety of

RRR-o-tocopherol has been the most potent form of vitamin B

JP 2004-504268 A 2004.2.12
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affecting the biological actions of triggering apoptosis and inhibiting
DNA synthesis. This form of vitamin E induces tumor cells Lo
underge apoptosis, while havisg no apoptotic inducing effects on
normal cells. The major advantage of this form of vitamin Eas an
anticamcer agent is that many cancer cells cither express low levels
of osterases or do not express esterases that can cleave the
succinate moiety, therehy converting the succimate form of BRR-u-
tocopherol to the free RRR-c-tocopherol. RRR-e-tocopherol exhibits
ncither potent antiproliferative nor apoptotic triggering biological
activity. However, the ester-linked vitamin Esuccinate is ineffective
in vivo since natural esterases in the host cleave off the succinate
moiety, rendering an ineffective  anticamcer  agent, RRR-o
tocopherol.

The prior art s deficient in the lack of effective means
of inhibiting undesirable or uncontrolluble eell proliferation in a
wide variety of pathophysiological conditions while having no to
litle effect on normal cells. The preseat invention fulfills this long-

standing need and desire in the ari

SUMMARY OF THE INVENTION

In one embodiment of the present invention, there is

provided a compound having a stroctural formula

H4

JP 2004-504268 A 2004.2.12
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wherein X is oxygen, nitrogen or sulfur; Y is selected from the group
consisting of oxygen, nitrogen and sulfur wherein when Yis exygen
or mitrogen, n is 1 apd when Yis sulfur, o is 0; R’ is selected from
the group consisting of alkyl, alkenyl, alkynyl, aryl, heteroaryi,
carboxylic acid. carhoxylate, carboxamide, ester, lhicamide,
thiolester, thinlacid, saccharide, alkoxy-linked saccharide, amine,
sulfenate, sulfate, phosphate, alcohol, ether and nitrile; R? is
selected frem the group consisting of hydrogen, methyl. benzyl
carboxylic acid, benzyl carboxylate, benzyl carboxamide, benzyl
estor.  saccharide and amine; R® is selected from the group
consisting of hydrogen, methyl, benzyl carboxylic acid, benzyl
carboxylate, benzyl carboxamide, benzylester, saccharide and
amine; R is selected from the group consisting of methyl, henzyl
carboxylic  acid,  benzyl carboxylate, benzyl  carboxamide,
benzylester, saccharide and amine; and RF is selected  from the
group consisting  of  alkyl, alkenyl, alkynyl, aryl, heteroaryl,
carboxyl, amide and ester; wherein when Y is nitrogen, said nitrogen
is substituted with R% whorein R® s selected from the group
copsisting of hydrogen and methyl; wherein when Xis oxygen, R? is
methyl, RFis methyl, R* is_methy] and R%is phytyl. R'is not butyric
acid.

in another embodiment of the present invention, there is
provided a method for the treatmenl of a cell proliferative disease
comprising administering to an animal a pharmacologically effective

dose of a compound baving a structural formula

Hd
v._{CHsbn
s
Al )n
R? "

JP 2004-504268 A 2004.2.12
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wherein X is oxygen, nitrogen or sulfur; Y is selected from the group
consisting of oxygen, nitrogen and sulfur wherein when Yis oxygen
or nitrogen, =0 is 1 and when Yis sulfur, n is 0; R'is selected from
the group consisting of alkyl, alkenyl, alkynyl, aryl, heteroaryl,
carboxylic  acid, carboxylate, carboxamide, ester, thicamide,
thiolester, thiolagid, saccharide, alkoxy-linked saccharide, amine,
sulfonate, sulfate, phosphate, alcohol, ecther and nitrile; R? is
selected from the group consisting of hydrogen, methyl, benzyl
carboxylic acid, bensyl carboxylate, benzyl carboxamide. benzyl
ester, saccharide and amine; R? is selected from the group
consisting of hydrogen, methyl, bepzyl carboxylic acid, benzyl
carboxylate, benzyl carboxamide, benzylester, saccharide and
aming; R* is selected from the pgronp consisting of methyl, bkenzyl
carboxylic acid,  benzyl carbaxylate, benzyl  carboxamide,
benzylester, saccharide and amine; and RS is selected from the
group consisting  of alkyl, alkenyl, alkynyl, =aryl, heteroaryl,
carboxyl, amide and ester; wherein when Y is nitrogen, said nitrogen
is substituted with R% wherein RS is selected from the group
consisting of hydrogen and methyl.

In yet apother embodiment of the present ipvention,
there is provided a pharmaceutical compesition comprising a
compound disclosed herein and a pharmaceuntically acceptable
carrier,

[n yet znother embodiment of the present invention,
thete is provided a metbod of inducing apoptesis of a cell,
comprising the step of contacting said cell with a pharmacologically
effective dose of a compeund of the presenl jnvention.

Other and further aspects, features, benefits, and

advaniages of the present invention will be apparent from the

JP 2004-504268 A 2004.2.12
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following description of the presently preferred embodiments of the

invention given for the purpose of disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the matter in which the above-recited features,
advantages and objects of the invention, as well as others which will
become clear, are attained and can bec understood in detail, more
particular descriptions of the invention ate briefly summarized.
above may be had by reference to certain embodiments thereof
which are illustrated in the appended drawings. These drawings
form a part of the specification. It is to be noied;, however, ihat the
appended  drawings illostratc  preferred  embodiments of the
invention. and therefore are not to be considered limiting in their
SCDPE.

Figure L shows general structure  of tecopherel,
tocotrienol and other chroman-based compounds.

Figure 2 shows general {focopherol-based compounds
1-29 presently synthesized and tested.

Figures 3A, 3B and 3C shows general synthetic organic
upproaches for the chemical variation of chromanol compounds at
position RT.

Figure 4 shows pgeneral synthetic organic approaches
for the chemical variation of chromanel compounds at pesiticn R

Figure 5 shows general synthetic organic approaches
for the chemical vanation of chromanol compounds at position R?

and R

JP 2004-504268 A 2004.2.12
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Figure 6 shows gencral synthetic orgsnic approaches
for the chemical variation of chromanol compounds at position R?,

Figure 7 shows gemeral syothetic organic approachcs
for the all-racemic 1-aza-c-tocopberol analogs. Figure 7A shows
the synthetic scheme for compounds 31-38 and Figure 7B shows
the synihetic schome for compounds 39-43.

Figure 8 shows the mean body weights of non-tumor
Balb/c female mice at day 11 and day 23 of a maximum tolerated
dose  study.

Figore 9 shows the comparison of percent mean tumor
weight following treatments in MDA MB-435 Human Breast Cancer
Cells (Fignre 9A), DU-145 Human Frostrate Cancer Cells (Figure
9Bj and HT-29 Human Colon Cancor Cells (Figure 9C).

PETAILED DESCRIFTION OF THE INVENTION

The following definitions are given for the purpose of
facilitating undersianding of the inventions disclosed herein. Any
terms not specifically defined should be interpreted according to
the common meaning of the term in the act,

As used herein, the term “individwal® shall refer Lo
animals and humans.

As vsed herein, the term  “biologically inhibiting” or
"inhibition" of the growth of proliferating cells shall include partial
or total growth inhibition and also is meant to juclude decreases in
the rate of proliferation or growth of the cells. The bislagically
inhibitory dose of the composition of the present imrvention may be

determined by assessing the effects of the test element on target

JP 2004-504268 A 2004.2.12
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malignant or abpormally proliferating cell growth in tissue culture,
tumor growth in animals and cell cullure or any other melhod
known to those of ordinary skill in the art.

As used herein, the term “induction of programmed cell
death or apoptosis” shall include partial or total cell death with cells
exhibiting  established morphological and biochemical apoptotic
characteristics. The dose of the composition of the present
invention that induces apoptosis may be determined by assessing
the affects of the test element oo largei malignant or aboormally
proliferating cell growth in tissne culture, tumer growth in animals
and ceil culture or any other methed known te those of ordinary
skill in the art.

As used hercin, the terrm “induetion of celf cyele arcest™
shall include growth arrest dae to treated cells being blocked in
GO/Gl or G2/M cell cycle phase, The dose of the composition of
the prescnt invention that induces cell cyele arrest may bhe
determined by assessing the effects of the test element on target
malignant or abnormally proliferating cell growth in tssue culture,
tumor growth in animals and cell culture or any other method
known to those of ordinary skill in the art.

As used herein, the term “induction of cellular
differentiation” shall include growth amrest due to treaied cells
being induced to undergo cellular differentiation, a stage in which
coellular proliferation does oot cceur. The dose of the composition
of the present invention (hat iaduces cellular differentiation may be
determined Dby assessing the effects of the test element on target
malignant or abnormally proliferating cell growth in tissve culfure,
tumor growth in animals and cell culture or any other method

koown to those of ordipary skill in the ari.

JP 2004-504268 A 2004.2.12
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The present invention provides tocopherols,
tocotrienols, and other chroman desivatives with or without
derivatives of saturated phytyl or nnsaturated isopremyl side chains
and apalogs;, e.g., azo- and thiol- analogs, thereof. Wtilizing ethers
and several other chemical linkages to attach different moisties to
tocopheral, tosotrienol and other chreman derivatives, novel anti-
cagcer compounds, far in vive use, are produced. The general
structures  of the novel compounds of the presemt invention are
shown ic Figure 1. the preferred compounds are lisied in Figure 2
and possible routes for their syntheses are provided in Figares 3-7.
The novel featurcs of these molecules include  chemical
funtionalization of positions R'- R® of the chroman structure, and
chemical functionalization of the phytyl and isoprenyl side chaias,
particularly  compounds based on  tocopherols  and  tocotrisnols
(Figure 1). Additionally. compounds with hetercatom substilutions
(M or &) for the chroman ring oxygen are presented (Figure 7).
Particularly preferred compouands include 2,5.7.8-tetramethyl-(2ZR-
(4R, 8R, 1 2-trimethyltridecylichroman-6-yloxyyacetic acid (1),
2.5.7,8-tetramethyl-(2R-(4R,8R,12-trimethyltridecyl)chreman-6-
yloxy)propionic acid {2), 2.5, 8-trimethyl-(2R-{4R,8R,12-
trimethyltridec yDehromaa-6-yloxy)acetic  acid (7}, 2,7,8-trimethyl-
{ZR-(4R,8R,12-trimethyltridecyl)chroman-6-ylaxyyacetic  acid (8),
2,8-dimethyl-(ZR-(4R,8R,12-trimethyliridecyl) chraman-6-yloxy)
aceiic acid (%), 2-(N,N-(carboxymethy1)-2(2,5,7,8-tetramethyl-(2R-
(4R,8R,12-rimethyltridecyl) chroman-6-yloxy) acetic acid (12).
2.5,7.8-tetramathyl-(ZRS-(4R5,8RS,12- trimethyliridecyl)chroman-6-
yloxylacetic acid (15}, 2,57 8-tetramethyl-2R-(2RS,6R5,10-
trimethylundecyl)chroman-6-yloxy)acetic acid (17), 3-(2,5,7.8-
tetramethyl-{2R-(4R,8,12-irimethyltridecyl)chroman-6-

JP 2004-504268 A 2004.2.12
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vioxyjpropyl-1-ammonjum chloride (1%), 2,5,7.8-tetramethyl-{2R-
(4r,8R,12-trimethyltridecyDchroman-3-ene-9-¥loxy) acetic acid
{20}, 2-(2,5,7,8-tetramethy]-(2R- (4R, 8,1 2-trimethyliridecyl)
chroman-6- yloxy)iriethylammonium sulfate (21), ©6-(2,5,7,8-
terramethyl-(2R-(4R,8,12-trimethyltridecylichroman)acetic acid
(22), 2,5,7.8,-tetramethyl-(2R-(heptadecyl)chroman-6-yloxy)
acetic acid (28), 2,5,7,8.-tetramethyl-2R-(4,8,-dimethyl-1,3,7 EZ
nonotrien)chreman-6-yloxy) acelic acid (26), EZRS,RS-
(phytyltrimethylbenzenethiol-6-yloxy)acetic  acid (27}, l-aza-o-
tocopherol-6-yloxyl-acetic  acid {39), l-aza-o-tocopherol-5-yloxyl-
methyl acciate (40), i-aza-N-methyl-g-tocopherol-6-yloxyl-methyl
acetate (41), 1-aza-N-methyl-o-tocopherol-§-ylexyl- acetic acid
{42}, 6-(2,4-Dinitrophenylazo(2.5,7,8-tetramethyl-2-(4,8,12-
trimethyltridecyl)-1,2,3,4-tetrahydroquinocline  (43),

The pharmacodynamically designed compounds of the
prosent invention have an improved therapeutic index and are
potent inhibitors of cancer celi growth: ie., they demonstrate high
antitumor  activity with minimal side effects.  These compounds,
which can not be readily degraded since there are ne known
etherases in mammals, may be vsed in the treacment of cancers and
disorders involving excess cell preliferation, as well as for cells that
accumulate in numbers dee to soppressed cell killing mechanisms,
with minimal side effects. The compounds of the present imvention
inhibit ecancer ecell growth by jnduction of apopiesis and DNA
synthesis arrest.  Induction of apopiosis by these compounds is
mediated by activation of the TGF-B. stress kinase, and Fas/Fasg
ligand sipraling pathways, Induction  of apoptosis by other
pathways, for example, ceramide production, are not excluded.

These growth inhibitory properties allow these compounds to be
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used in the treatment of proliferative discases, including cancers of
different cell types and lineages, non-neoplastic hyperproliferative
digseases, and disorders with defects in apoptotic signaling pathways.
Soveral of the compounds of the present invention are both strong
inducers of apopiosis and strong inhibitors of DNA synthesis arrest
ol tumor cells representing different cellular lineages.

The therapevtic use of the compounds of the present
jnvention in treatment of cancers and other diseases and disorders
involving excess cell proliferation or failure of cells to die is
illustrated.  The novel derivatives (Tables 1 and 2} were shown at
ECsy concentrations fo jnduce apoptosis of human breast cancer
cells (MDA MB 435, MDA MB 231, and MCF-7 breast cancer cells),
human prestate cancer cells (PC-3, DU-145 and LanCaP), human
ovarian tumor cells (C-17Q), human cervical tumor cells (ME-180),
human  endometrial cells {RL-95-2), bhonman Iymphoid cells
{myeloma, Raji, Ramos, Jurkat, and HL-60), colon cancer cells (HT-
29 and DLD-1) and lung cancer cells (A-549). The novel derivaiives
were shown to not induce apoptasis of normal human mammary
cpithelial cells (HMECs) and immortalized but non-temerigenic
MCF-104 mammary cells.

These novel compounds and methods of the present
invention may be used to treat necoplastic  diseases and powm-
neoplastic diseases. Representative examples of neoplastic diseases
are ovarian cancer, cervical cancer, endometrial cancer, bladder
cancer, lung cancer, cervical cancer, breasi cancer, prostate cancer,
testicular cancer, gliomas,  fibrosarcomas, retinoblastomas,
melanomas, soft tissue sarcomas, osteosarcomas, c¢olon cancer,
carcinoma of the kidney, pancreatic cancer, basal ¢ell carcinonia,

and squamous cell carcinoma. Representative examples of non-
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neoplastic  diseascs  arc selected from the group consisting of
psoriasis, benign proliferative skin diseuses, ichthyosis, papilloma,
restinosis, scleroderma and hemangicma.

The compoupds and methods of the present invention
may he used to weat non-necplastic diseases that develop due to
failure of selected ceils to underge normal programmed cell dc‘ath
or apoptasis.  Representative examples of diseases apd disorders
that occur due to the failure of cells to die arc autoimmune
diseages.  Autojmmung discases are characterized by immone cell
destruction of self cells, tissues and organs. A representative group
of autoimmune diseases imcludes autoimmune thyroiditis, multiple
sclerosis, myasthenia  gravis, systemic lopns  erythematosus,
dermatitis herpetiformis, celiac discase, and rheumatoid arthritis.
This invention is nof lanited te autolmmuonity, but inclodss  all
disorders having an immune compenest, such as the inflammatory
process involved in cardiovascular plaque formation, or ultra violei
radiation induced skin damage.

The compounds and metheds of the present invention
may be used to treat diserders and diseases that develop due to
virus infections. Representative examples of diseascs and disorders
that occur due o virus infections arc huoman immunodeficiency
viruses (HIV), Since these compounds are working on intracellular
signaling networks, they have the capacity to impact on any type of
exlernal cellular signal such as cyiokines, viruses, bacteria, toxins,
heavy metals, etc.

The methods of the present inventicn may be used to
treat any animal. Most preferably, the methods of the present

invention arc useful in humans.

JP 2004-504268 A 2004.2.12
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Generally, to achieve pharmacologically efficacions cell
killing and anti-proliferative effects, these compounds and analegs
thereof may be administered in any therapeutically effective dose.
Preferably, the structurally madified tocopherols and tocatrienols
and analogs are administered in a dose of from about 0.1 mg/kg to
ahont 100 mg/kg. More preferably, the structurully modified
tecopherols and tocotrienols and amalogs are administered in a dose
of from about 1 mgfkg to about 10 mg/kg.

Administration of the compositiens of the present
invention may be by topical. intraocular, parenteral, eoral,
intranasal, intravenoas, intramuscolar, subcutaneous, or any other
suitable means.  The dosage administered is dependent upon the
age, clinical stage and extent of the disease or genetic predisposition
of the individual, location, weight, kind of concurrent treatment, if
any, and nature of the pathological or malignant condition. The
effective delivery system usetul in the method of the present
invention may be employed in such forms as capsules, tablets, liguid
solutions, suspensions, or elixirs, for oral administration, ot sterile
liquid forms such as solutions, suspensions or emwulsions.  For
topical use it may be employed in such forms as ointments, creams
of sprays. Any inert carrier is preferably used in combination with
suitable solubilizing agents, such as saline, or phosphate-buffered
saline, or any such carrier in which the compounds used In the
method, sach as ethanol, acetons, or DMSO, of the present
invention have suitable solubility properties.

There are a wide wvariety of pathological cancercus and
noncancerous cell proliferative conditions and cell accumulations
doe to absence of normal cellufar death for which the compositiens

and methods of the present ievention will previde therapoutic

14

JP 2004-504268 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

(78)

WO O1538R9 PCTAISDIO4168

benefits. These pathological conditions may occur i aimost all cell
types capable of abnormal cell proliferation or defective in
programmed ccll death mechanisms.  Among the cell types which
exhibit pathological or abnormal growth or abnormal death arc (1)
tibroblasts, (2) wvascular endothelial cells and {3) epithelial celis. It
can be seen from the above that the methods of the present
invenlion is wseful in treating local or disseminated patkological
conditions in all or almosi 21l organ and tissue systems of
individuals.

It is specifically contemplated that pharmaceutical
compositions may be prepated using the novel chroman-based
compounds and derivatives and analogs thercof of the present
invention. In such a case, the pharmaceutical cemposition
comprizes the novel compound:s of the present inventon and a
pharmacentically acceptable carrier. A person having ordinary skill
in this art would readily be able to determine, without undue
experimentation, the appropriate dosapes and  routes  of
administration  of the compounds and analogs of the present
invention.

Thus the present invention is directed toward the design
and effective use of novel agents that can specifically target cancer
cells and either down-regulate growth stimulatory sigoals, wp-
regulate  growth inhibitory signals, down-regulate swrvival signals
and/or up-regnlate death signals, More specifically, this invention
creates  and  characterizes  movel agemts  that  activate growth
inhibitory factors, trigger death signaling palthways, and inhibit DINA

synthesis.
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The following examples are given for the purposez of
ilhrgtrating various embodiments of the invention and are not meant

to limit the present invention in any fashion.
EXAMPLE 1

Synthetic O ic Methodal

The synthesis of a variety of tocopberol, tocatrienol, and
other chroman derivatives with or without derivatives of saturated
pbytyl or unsaturated isoprenyl side chains or analogs thereol iy
possible via structural modification of the chroman ring system
{Figures 3-6) and beterostom substitutions (N or 3) for the chreman
ring oxygen (Figure 7A and 7B). The structural variables R!, R2 R3,
R4 RY and X illustrate the groups on the chroman group that are
modified and Y represents  cither oxygem, or heteroatom
substitutions (N eor §) for the chroman ring oxygen. Using
alkylation chemistry, a farge number of compounds containing
different R gronps can be synthesized, particolarly when X is
oxygen. After alkylaiion, further chemical modification of the R'
groups permits the synthesis of a wide range of novel compounds,
Bromination of the benzylic methyl groups of the chroman group
pravide intermediates that permil variation of the R? R® and R*
groups. Variation of group R?® is also possible, particularly when
staring from ihe commercially available 6-hydrexy-2.5.7,8-
tetramethylchroman-2-carboxylic acid. When a heteroatom
substitution of mitrogen for the chroman ring oxygsn oceurs, than
nitrogen may be substituted with R® which is hydrogen or methyl.
Variation of Xto groups other than oxygen, which is the identity of

X in tocopherols and tocouiencls, c¢an be accomplished using

la
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palladbium  chemistry (for X = CH;) and nucleophilic aromatic
substitution {for X = N or 8). Other possible modifications to the
chroman structure include unsafuration at the 3-4 positions and
ring contraction to produce a five-membered furanyl ring.

Reagents employed were either commercially available
or prepared according to a known procedure.  Anhydrous CH,Cl,
and THF were obtained by distillation. All other solvents used were
yeagent. Anhydrous reaction conditions were maintained under a
ylightly positive argon atmosphere in oven-dried glassware. Silica
gel chromatography was performed using 230-400 mesh silica
purchased from EM Science. Routine 'H- and BC-NMR specira were
obtained on a Varian Unily spectrometer at 300.132 MHz and
75033 MHz frequencies, respectively. NMR spectra were
referenced to TMS (0 ppm) or to the isctopic impurity peak of
CDCly (7.26 and 77.0 ppm for 'H and 2C, respectively).  High
resolufion  eleciron  impact ionization mass speciroscopy  was
performed by the Mass Spectrometry Center at The University of

Texas at Austin.

EXAMPLE 2

17
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A solution of R,R.R-¢-tocopherol (0.5 g, 1.16 mmol) in
N.N-dimgthylformamide (20 mL) was treated with methyl
bromoacetate (3.4 g, 5.3 mmol) and an excess of powdered NaOH
(1.2 g, 30 mmol). The resulting yellow slury was stitred vigorously
for 24 b at room temperature. The reaction was acidified with 3 N
HCI aud extracted with dicthyl ether (3 x 30 ml). The combined
ether lavers were washed with H,O (3 x 30 ml) and brice (1 x 30
ml), and then dried with Na,50,. The ether solution was
concentrated  to a yellow oil that was purified by silica get
chromatography eluting with 19% (v/v) EtQAc and 2% acetic acid in
hexanes. The resulting vellaw liquid was dissolved in diethyl ether
{30 ml), washed with H;O (3 x 20 mL) and brine {I x 20 mL), and
then dried with Ma,SO.. The rosulting solution was concentrated to
a light yellew oi]l and dried in vacuo for 48 h. This yielded 1 as a
waxy, off-white solid (0.50 g, 83%) H-NMR (CDCI/TMS. ppm):
0.87 (m, 12H, 4a’-, 8a’-, 12a°-, 13°-CHy), 1.0 -~ 1.6 (m, 24H, 4’-, 8-
A2-CH, 1P 20405767 717- 0 10°- 11°-CH;, 2a-CHj), .81 (m, 2H,
3-CH,), 2.07, 2.14, 2.16 (3 x s, 9H, 5a-, 7a, Ba-CHy), 2.59 (t, ] = 6.6
He, 2H, 4-CH;), 434 (s, 2H, OCHy); "C-NMR (CDCL;, ppm): 11.7,
11.8, 12.7 {5a-, 7a~, Ra-CHj), 19.6, 19.7 (CH,), 20.6, 21.0 (CH,),
22.5, 22.7 (CH,) 23.8 (2a-CH;), 24.4, 24.8 (CH,), 28.0 (CH), 31.2
13-CH;), 327, 328 (CH), 373, 37.4, 37.5, 394, 400 (CHp), 6%.2
(OCH,), 75.0 (2-C), 117.8, 123.2, 1254, 1273 (aryl C) 147.0,
148.5 (aryl C-0), 1737 {COOH); HRMS (Cl, mfz); 489.304374 (M +
H* Calc. for C3 Hs0y 489.394386).  All assignments were conflirmed
using HMQC, DEPT-135, and 'H-NOSEY.

18
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The compouvds 2-6 are synthesized in a manper
identical to the synthesis of 1 using the appropriate bromoalkanoic

acids.

D\?/
HO\H/HZ\O 2 a/s
o

{89% vield), 'H-NMR (CDCL/TMS, ppm): 0.87 (m, 12H,
4a’~, Ba’-, 12a°-, 13°-CH,), 1.0 - 1.6 (m, 24H, &-, 8-, 12’-CH, 17-,2*-
,37-,57-,67,77-,97-,10°-,117-CH,, 2a-CHy), 1.81 (m, 2H, 3-CH,), 2.09,
2.14, 2,19 (3 x5, 9H, 5a-, Ta-, 8a-CH;), 2.59 (t, J = 6.6 Hz, 2H, 4-
CH,), 2.85 {t, 1 = 6.4 Hz 2H, CH,COOH), 3.96 (t, ] = 6.4 Hz, 2H,
OCH,); “C-NMR (CDCI;, ppm): 11.7, 11.8, 12.7 (Sa-, 7a-, 8a-CH,),
19.6, 197 (CH), 206, 21.0 (CHj), 22,6, 22.7 (CH4j, 23.8 (2a-CH;),
24,4, 248 (CH;), 28.0 (CH), 31.2 (3-CH;), 32,7, 32,8 (CH), 33.1.
37.3, 37.4, 31.5, 394, 4.0 (CH.), 67.5 (OCH.,), 74.8 (2-C), 117.5,
122.9. 1258, 1278 (uryl ©), 1476, 1480 ({aryl C-0), 177.1
(COOH); HEMS (CI, m/z): 503.408610 (M + Ht, Cale. for C5Hy0,
503.410036).

JP
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(85% yicld}. 'H-NMR (CDCL/TMS, ppm): 0.87 (m, 12H,
da’-, 8a’-, 128°-, 1¥’-CHj), 1.0 -~ 1.6 (m, 208, 4'-, &-, 12°-CH, 1"-,2"-
305760797 10°-,11°-CH;, 2a-CHy), 1.81 (m, 2H, 3-CH,}) 2.14,
2.17, 2.21 (3 x s, 9H, Sa-, Tu-, 82-CH,), 2.62 (t, J = 6.6 Hz, 2H, 4-
CHy), 2.72 (t. T = 7.2 Hez, 2H. CH,COOH}, 3.74 (t, T = 6.1 Hz, 2H,
OCH,); BC-NMR (CDClL, ppm): 117, 11.8, 127 (Sa-, 7a-, 8a-CH,),
19.6, 19.7 (CHa), 20.6, 21,0 {CH,), 22.6, 22.7 (CH;), 23.9 (2a-CH,),
244, 248, 253 (CHy. 280 (CH), 309, 312 (3-CH,), 327, 32.8
(CH), 37.3, 37.4, 37.5, 39.4, 40.0 (CHy, 71.3 (OCHy), 74.8 (2-C),
117.5, 122.9. 1257, 127.7 (ary)l C), 1478, 147.% (aryl C-0), 178.9
(COOH); HRMS (CI, mfz): 516.424374 (M + H*, Calc. for CyH 504
516.424386).

(90% yield), ‘H-NMR {CDCL/TMS, ppmn): 0.87 (m, 12H,
4a-, 8a-, 12a-, 13'-CH), 1.0 - 1.6 (m, 28H, 4~ 8-12-CH, 1'-,2'-
305,676, 10 [ 1'-CH,, 2a-CIH.). 1.81 (m, 2H, 3-CH,), 2.09,
214, 218 (3 x 5, 9H, 5, T, 8a-CH,). 249 (t J = 6.8 He 20,
CH,COOH), 259 (t, I = 6.6 Hz, 2H, 4-CE,), 3.68 (t, J = 5.5 Hz, 2H,
QOCH); PC-NMR (CDCL, ppmY:. 117, 118, 127 (Sa-, 7a-, 8a-CHy),

‘19.6, 9.7 (CH,), 20.6, 21.0, 21.4 (CH,), 22.6, 22.7 (CHy), 23.8 (2a-

20
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CH,), 24.4, 24.8 (CH,), 28.0 (CH), 30.0 (CH,), 31.2 (3-CH,), 32.7,
32.8 (CH), 35.8, 37.3, 37.4, 37.5, 304, 40.0 (CHy, 722 (OCH.),
749 (2-C), 117.8, 123.2, 1254, 127.3 (aryl C), 147.6, 1482 (aryl
C-0), 178.7 (COOH); HEMS (Cl, mfs): 530.433514 (M + H*, Calc.
for CsHyO, 530.433516).

HO.
e
o}

(77% yield). 'H-NMRE (CDCl/TMS, ppm): 087 (m, 12H,
4a-, 8o, 12a-, 13-CH.), L0 - 1.6 (m, 30H, 4, 8-12-CH, 1'-,2'-
35 6 T 90 10, 11-CH,, 2a-CH.), 1.81 ¢m, 2H, 3-CH.), 2.08,
222, 216 (3 x 5, 9H, 5a-, 7a-, 8a-CHg), 2.32 (1, | = 65 Hz, 2H,
CH,COOM). 2.57 (t, T = 6.6 Hz, 2H, 4-CH;), 3.64 (1, T = 5.5 Hz, 2H,
OCH,% “C-NMR (CDCly, ppm): 11.8, 119, 12.7 (5a-, 7a-, 8a-CH.),
19.6, 197 (CH;), 20.6, 21.0 (CHy), 22.6, 22.7 {CH,), 23.8 (2a-CH,),
244, 246, 248, 257 (CH,), 280 (CH), 30.0 {CHy), 313 (3-CH,),
327, 328 (CH), 34.0, 37.3, 373, 374, 393, 400 (CH.), 72.6
(OCH,), 747 (2-C), 1174, 1227, 1254, 127.8 (aryl ©), 147.6,
1482 (aryl C-0), 179.6 (CODH); HEMS (CI, m/z): 545.457026 (M +
H*, Cale. for CysHg 0. 545.456086).

21
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2.5 - -2R- -

HO. a
N N Y
8]

(91% yield). 'H-NMR (CDCL/TMS, ppm): 0.87 {m, 12H,
4a'-, Ba-, 12a'-, 13'-CH,), 1.0 - 1.6 (m, 34H, 4'-, 8'-12-CH, 1'-,2'-
,3'-,5-,0"-,7"-,9-,10"-,11"-CH,, 2a-CH,), 1.8} (m, 2H, 3-CH,), 2.08,
2.11, 2.8 (3 x s, 9H, 3a-, 7a-, 3a-CH,), 2.36 (m, 2H, CH,COOH),
2.58 {t, J = 6.6 Hz, 2H, 4-CHy), 3.62 (t, ] = 5.5 Hz, 2H, OCHy); "C-
NMR (CDClL, ppm): 11.7, f[.8, 127 (58, 7a-, Ba-CH,) 1%.6, 19.7
(CHa), 206, 21.0 (CHy), 22.6, 22.7 (CHy), 238 (2a-CH,), 244, 24.6,
24,8, 25.1, 25.7, 26.6 (CH,), 280 {CH), 30.0 (CH,, 31.3 (3-CHy),
327, 32.8 (CHD), 340, 37.3, 37.3, 374, 393, 400 (CH,), 72.7
{OCH;), 746 (2-C), 117.6, [22.8. 1255, 127.6 (aryl C), 147.5,
1483 (aryl C-0%, 1794 (COOH); ORMS (CL, m/fz): 573.4584396 (M +
H*, Calc. for CyHesQy 573.488286).

A solution of R.R.R-o-tocopherol (75 mg, 0.18 mmol) in
W N-dimethylformamide (2 mb) was treated  with methyl

22
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bromoacetate (0.4 g, 2.8 mumol) and an excess of powdered NaOH
(0.5 g 125 mmol). The resulting yellow slurry  was  stirred
vigorously for 24 bW at reom temperature, The reaction was
acidified with 5 N HCI and extracted with diethy! ether (3 x 10 ml).
The combined ether layers were washed with H,O (3 x 10 ml) and
hitpe (1 x 10 ml), and then dried with Nay50,. The ether solution
was concentrated to a yellow oil that was purified by silica gel
chromatograpby eluting with 19% (v/v) EtOAc and 2% acclic acid in
hexanes. The resuliing yellow liguid was dissolved in diethyl ether
{30 ml), washed with Hy;O (3 x 10 mL) and brine (1 x 10 mL), and
then dried with Na,80,. The resulling solution was concentrated to
a light yellow oil and dricd in vacuo for 48 h. This yielded 7 as a
waxy, off-white solid (B0 mg, 97%). 'H-NMR {CDCL/TMS, ppm):
0.87 (m, 12H, 4a-, 8a'-, 12a'-, 1¥-CHz, 1.0 - 1.6 (m, 24H, 4-, §'-
JA2-CH, 1'-,2'-.'-,5'-,6'-,7"-,9'-,10'-,11"-CH,, 22-CH,), 1.81 {m. 2ZH,
3-CHy), 2.12, 214 (2 x5, 6H, 3a-, 8a-CH;), 2.61 (t, I = 446 Hz, 2H,
4-CHa), 4.539 (s, 2H, OCH;), 6.53 (s, 1H, aryl CH); YC-NMR (CDCI,,
ppm): 11.2, 16.1 (5a-, 8a-CH;), 19.5, 19.7 (CH,), 20.7, 210 (CHy),
22.6, 227 (CH,), 23.8 (2a-CIHy), 244, 248 {CHy), 27.9 (CH), 31.2
(3-CH,), 32.7. 32.8 {CH), 37.2, 37.4, 37.5, 39.4, 40.0 {CH,), 66.8
(OCHy), 74.8 (2-C), 113.8, 120.7, 1231, 1273 (aryl ©), 147.1,
148.2 {aryl C-00, 175.3 (COOH); HRMS (CI, m/z): 475377340 (M 4+
H*, Calc. for CoH5 0, 475378736}

23
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A solution of R,RR-o-tocopherol (100 mg, 0.24 mmaol) in
N,N-dimethylformamide {3 mL} was treated with  methyl
bromoacetate (1.1 g, 7.4 mmol) and an excess of powdered NaOH
{1.0 g, 25 mmol). The resulting yellow slurry waos stirred vigorously
for 24 h at room temperature. The reaction was acidified with 5 N
HCI and exiracted with diethyl ether (3 x 10 ml). The combined
ether layers were wushed with H;O (3 x 10 ml} and brine (1 x 10
ml), and ther dried with NaySO,, The other solution  was
concentrated  to a yellow oil that was purified by silica gel
chromatography sluting with 19% (v/v) EtQAc and 2% acetic acid in
hexanes. The resulting yellow liquid was dissolved in diethyl ether
(30 ml), washed with HyO (3 x 10 mL}) and brine {1 x 10 mL), and
then dried with Na,80,. The resuliing solution was corcentrated (o
a light vellow oil and dried in vacuo for 48 k. This yielded 8 as a
waxy, off-white sofid (110 mg, 97%). 'H-NMR (CDCL/TMS, ppm):
0.87 (m, 12H, 4a'-, Ba'-, 122, 13-CH,), 1.0 - 1.6 (m, 24H, 4-, 8'-,
12'-CH, 1'-,2'-,3'-,5-,6'-,7-,9-,10°-,11'-CH;, 2a-CHj), 1.81 (m, 2H,
3.CHy), 2.12, 2,19 (2 x s, 6H, 7a-, Ba-CHg), 2.61 (t, T = 6.0 Hz, 2H,
4-CH,), 439 (s, 2H, OCH,), 6.39 {s. 1H, aryl CH); “C-NMR {CDCl,,
ppm): 11.9, 12.0 (72, 8a-CHy), 19.6, 19.7 (CH,), 20.7, 21.0 (CH.},
226, 227 (CH,), 23.8 (2a-CH;), 24.4, 248 (CH;), 27.9 (CH), 31.2
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(3-CH,), 327, 32.8 (CH), 37.2, 37.4, 37.5, 39.4, 40.0 {(CH,), 66.6
(OCH,), 75.7 (2-C), 1106, 1177, 125.0, 1263 (aryl C) 146.9,
148.7 (aryl C-0), 175.0 (COOH); HRMS (CI, m/z): 475.377962 (M +
H*, Cale. for CyH, 0, 475.378736).

A sclation of R,R.R-a-tocopherol (100 mg, 0.25 mmol) in
NN-dimethylformamide (5 mL) was treated  with methyl
bromoacvetate (1.1 g, 7.4 mmol) and an excess of powdered NaOH
(1.0 g, 25 mmol). The resulting vellow slurry was stirced vigorously
for 24 h at room temperature. The reaction was acidified with 3 N
HCI and extracled with diethyl ether {3 x 10 ml). The combined
ether layers were washed with H.O {3 x 10 ml) and brine (1 x 10
ml),and then dried with Na,5Q,. The eiher solution was
copcenirated w0 a yellow ol that was purified by silica gel
chromatography eluting with 19% {v/v) EiQAc and 2% aceiic acid in
hexanes. The resulting yellow liguid was dissolved in diethyl ether
{30 ml), washed with H,0 (3 x 10 mL) and brine (1 x 10 mL), and
then dried with Na,8¢,. The resulting solution was concenfrated to
a light vellow oif and dried in vacue for 43 h. This yielded 9 as a
waxy, off-white solid (111 mg, 98%) 'H-NMR (CDCL/TMS, ppm):
0.87 (m, 12H, 4a’-, 8a'-, 1la-, 13'-CHy), 1.0 - [.6 (m. 24H, 4-, &'-,
12'-CH, 1'-, 2'-,3'-,5'- 6", 7"-,%"-,10'-,11'-CH,, 2a-CH,), 1.B1 (m, 2H,
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3.CHy), 215 (s, 3H. 82-CIL), 2.71 (t, J = 6.6 Hz, 28, 4-CH,), 4.59 (s,
2H, OCH,), 648 {d, J = 3.0 Hz, 1H, aryl CH), 6.61 (d, T = 3.0 Hz, 1H,
aryl CHY BC-NMR (CDCl;, ppm): 16.2 (8a-CH,), 18.6, 19.7 (CH,),
21.0 (CH,), 22.6, 227 {CHi}) 24.0 {2a-CH,), 24,4, 248 (CH,), 27.9
(CH), 31.2 (3-CHjy), 32.7, 328 (CH), 37.2, 374, 375, 394, 40.0
(CH,), 65.7 (OCHz), 75.8 {2-C), 112.3, 1156, 121.1, 127.5 (aryl C),
147.2, 1499 (aryl C-0), 1748 (COOH) HRMS (CL, m/z):
460,3552022 (M + H*, Cale. for CyB5, 0, 460.355262).

A solution of 1 (0.1 g, 0.2 mmol) in CH,Cl (5 mL) was

tceated with N-hydroxysuccinimide (26 mg, 023 mmol) and
dicyclohexylearbodiimide (46 mg, 0.23 mmol). After 2 min, a white
precipitate formed. The resulting suspension was stirred for 2 h.
The reaction siirred for an additional 6 h. The reaction mixture was
cooled to — 30 °C and filtered. The filtrate was concentrated and
the resulting colorless oil was purified by silica gel chromatography
eluting with EtOAc (35%, vw/v) in hexanes. This yielded a white solid
{75 mg, 76%). 'H-NMR (CDC1/TMS, ppm) .87 (m, 12H, 4a'-, 8a'-,
124, 13-CHy), 1.0 - L6 (m, 241, 4 8-, 12-CH, 1'-2'-,3'-5'- 6'-
V197,10, 11'-CH,, 2a-CH,), 1.80 (m, 2H, 3-CHy), 2.10, 2.12, 2.16
(3 x s, 9H, 5a-, Ta-, Ba-CH)), 2.30 (t, J = 6.6 Hz, 2H, 4-CH,), 4.19 {s,
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2H, OCH,), 6.36, 6.92 (2 x broad, 2ZH, NH); "*C-NMR {CDCl, ppm):
117, 11.8, 127 (52~ 7a,, 8a-CHy), 19.6, 19.7 (CH,), 20.6, 21.0
(CH,), 22.6, 22.7 (CHy), 23.8 (2a-CH.), 24.4, 24.8 (CH.), 28.0 (CH),
31.2 (3-CH,), 327, 32.8 (CH), 37.3, 37.4, 37.5, 394, 400 (CH.),
70.9 (OCH,}, 74.9 (2-C), 117.8, 123.3. 1254, 127.3 (aryl C), 146,35,
1484 (aryl C-0), 172.1 (COOH) HRMS (CI, m/z): 488409341 (M +
H+, Cale. for C;Hy,NO, 483.410370).

A solution of 1 (0.1 g, 0.2 mmal) in CH,Cl; (5 mL) was
treated with N,N-dimethylaminopyridine (26 mg, 0.23 mmel),
methanol (1 miy and dicyelohexylcarbodiimide (46 mg, 0.23 mmol)
After 2 min, a white precipitate formed. The resulting suspension
was stirred for 6 h. The reaction mixiure was cooled to — 30 °C and
filiered. The filtrate was concentrated and the resulting colorless
oil was purified by silica gel chromatography eluting with EtOAc
{40%, v/v) in hexanes. This yjelded a white solid (82 mg, 80%). 'H-
NMR (CDCI/TMS, ppm): 0.87 (m, 12H, 4a'-, 8a-, 12a'-, 13'-CHj),
1.0 - 1.6 {m, 24H, 4'-, §-12'-CH, 1'-,2"-,3'-.5"-,6"-,7-.9"-,10"-,11"-
CH,, 2a-CHy), 1.81 (m, 2H, 3-CH,), 2.10, 2.18, 2.2¢ (3 x §, 9H, Sa-,
7a-, Ba-CH3). 2.59 (4, J = 6.6 Hu, 2H, 4-CH;} 385 (s, 3H, OCHj),
4.32 (s, 2H, OCH.} "“C-NMR. {CDCl,, ppm) 11.7, 11.5, 12.7 (5a-, Ta-
. 8a-CHy), 19.6, 19.7 {CH,), 20.6, 21.0 {CH,), 22.6, 22.7 (CH,), 23.8
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(2a-CHy), 244, 248 (CHp, 28.0 (€H), 312 (3-CH,), 327, 32.8
(CH), 37.3, 374, 37.5, 39.4, 40.0 {CH}), 502 (DCH,), 65.8 (OCH,),
748 (2-C), 117.6, 123.0, 125.6, 127.5 (aryl ©), 147.6, 1482 (aryl
C-0), 169.8 (COOM); HRMS (CL m/z): 503.408411 (M + H*, Calc.
for Ty HsQ, 503.410036),

HOOC

HOOC. N, 3
~ \r(\c, 4/
°

A solntion of 1 (0.2 g, 0.4 mmol) in CH,Cl, (5 mL) was
treated with diethyl iminodiacetate (77 mg,0.4mmol) and O-7-
azabenzotriazol-1-yI-N,N,N* N'-tetramethyuronium
hexaflvoraphesphate (HATU) (46 mg, 0.23 mmol). After 12 b, the
reaction mixture was concentrated tc a paste and then purified by
silica gel chrematography eluting with EiQAc (30%, v/v) in hexanes.
This yielded the desired diester intermediate as colorless oil (130
mg, 55%). 'H-NMR (CDCL/TMS. ppm): 0.87 (m, 12H, 4a'-, 8a'-,
12¢'-, 13’-CH,), 1.0 - i.6 (m, 30H, 4'-, §-,12-CH, 1'-,2'-,3"-,5'-.6'-
L9010, 11 -CH,, 2a-CHy), 178 (m, 2H, 3-CH,), 2.08, 2,13, 2.7
{3 x5, 9H, 5a-, 7a-, 8a-CH,), 2.58 (1, ¥ = 6.8 Hz, 2H, 4-CH,), 4.19,
4.22 (g. J = 7.4 Hz, 4H, OCH,), 4.30, 4.33, 4.42 (3 x s, 6H, 2 x NCH,,
OCH,), BC-NMR (CDCL, ppra): 117, 11.8, 127 (5a-, Ta-, 8a-CHy),
14.0 (CH,), 19.6, 19.7 (CH,), 20.6, 21.0 (CH,), 22.6, 22.7 (CH,),
23.8 (24-CH.), 244, 24.8 (CHy), 25.0 (CH), 31.2 (3-CH,), 32.7, 32.8
{CH), 37.3, 37.4, 37.5, 394, 40.0 (CHy), 48.1, 484 (NCH.), 61.2,
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61.5 OCH., 71.8 (OCH;), 748 (2-C), 1175, 1225, 1256, 127.4
(aryl €), 148.0, 148.1 {aryl C-Q), 168.8, 169.0 (CO); MS (CL m/z):
660 (M + Hr, Calc. for C,H NG, 659.47610).

A solution of the diester intermediate (0.I5 g, 0.23
mmol) in ethanol (4 ml) was treated with 1 N NaOH (1 ml). The
resulting clovdy mixture was stivted at 70 "C for 15 h. The reaction
mixture was acidified with 1 N HCl and the ethanol was removed in
vacuo. The reselting aqueous solution was extracted with CHCL, (5 x
20 ml) and the combined organic layers dried with Ma,5Q4. This
vielded 12 (0.13 g, 32%) as a white solid. 'H-NMR (CDCL/TMS,
ppm): 0.87 (m, 12H, 4n'-, Ba-, 12a-, 13-CHj), 1.0 - 1.6 (m, 24H,
£, 8., 12-CH, 1, 2'-3-5-.0'-7-,9-,10- 11'-CH;, 2a-CH,}, 1.70
(m, 2H, 3-CH,), 2.01, 2.05, 2.08 (3 x 5, 9H, 5a-, 7a-, Ba-CH,), 2.47
(m, 28, 4-CH,), 4.18 (m, 4H, 2 x NCH,), 431 (m, 2H, OCH,;); **C-
NMR (CDCl;, ppm): 11.5, 11.6, 12.4 (5a-, 7a-, 8a-CH,), 194, 19.5
(CHy, 20.6, 21.0 {(CH,}, 22.6, 22.7 (CH,), 23.8 (2a-CH,), 24.4, 24.8
(CH), 28.0 (CH), 31.2 (3-CH,), 324, 32.3 (CH), 37.0, 37.2, 37.5,
39.1, 40.0 (CHy), 48.1, 494 (NCH;), 71.1 (OCHy), 74.8 (2-C), 117.5,
122.9. 125.4, 127.2 (aryl C), 147.8, 148.1 (aryl C-0), 168.8, 169.0
(CC);, HRMS (CI, m/z): 604.420882 (M + H*, Cale. for CyHuNO,
G04,421329). -
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A solution of R,R,R-p-tocopherol (3.5 g, 1.16 mmel} in
N.N-dimethylformamide (20 mL) was treated with iodoethanol (1.7
g. 10 mmol) and an excess of powdered NaOH (2.5 g 63 mmol).
The tesulting yellow sluzry was stirred vigorously for 24 h at room
temperature.  The reaction was acidified with 5 N HCI and extiracted
with diethvl ether (3 x 30 ml). The combined ether laysrs were
washed with H,O (3 x 30 ml) and brine (1 x 30 ml), and then dried
with Na,80,; The ether solution was concentrated to a yellow oil
that was purified by silica gel chromatography eluting with 30%
(v/v) EtOA¢ and 2% acetic acid in hexanes. The resulting vellow
Tiquid was dissolved in diethyl ether (30 ml), washed with H,O (3 x
20 mL) and brine (1 x 20 mLl), and then dried with Na,8Q, 'The
resulting solution was concentrated o a light yellow oil and dried in
vacuo for 48 h. This yielded 13 as yellow oil (0.40 g, 73%). 'H-
NMR (CDCL/TMS, ppm): 0.87 (m, 12H, 4a'-, 8a'-, 1%~ 13-CH.).
1.0 - 1.6 (m, 24H, 4%, 8-, 12-.CH, 1'-,2'-3-,5%,6%,7-,9,10,11'-
CH,, 2a-CH.), 1.81 (m, 2H, 3-CHy), 2.07. 2.14, 2.16 {3 x 3, 9H, 5a-,
Ta-, Ba-CHy), 2,59 {t, I = 6.6 He, IH, 4-CHy), 3.79 (m, 2H, OCH:),
3.94 (m, 2H, OCH,); CGC-NMR (CDClL, ppm): 11.7, 11.8, 12.7 (Sa-,
Ta-, 8a-CHy), 19.6, 19.7 (CH,), 20.6, 21.0 {CH,), 22.6, 22.7 (CH,),
23.8 (Za-CH.), 244, 24.8 (CH,), 28.0 (CH), 31.2 (3-CH,), 32.7, 32.8
(CH), 37.53, 37.4, 37.5, 394, 40.0 (CH), 63.1, 69.2 (OCHy, 75.0 (2-
), 1178, 123.4, 1264, 128.3 (aryl C), 148.2, 149.5 (aryl C-O); MS
(CI, m/z): 475 (M + H*, Cale. for G, HyuD, 474.40729).

30

JP 2004-504268 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(94)

WO 01/58889 PUTIUSOTMN416R

HOY\O 4/3

[}

A solution of 2,2,5,7,8-pentamethyl-G-chremanel (0.3 g,
1.36 mmol) in N,N-dimethylformamide (20 ml) was treated with
methyl bromoacetate {08 g, 5.3 mmol) and an excess of powdcrcd
NaOH (0.7 g, 18 mmof). The resulting yellow slurry was stirred
vigoronsly for 24 h at room temperature. The reaction wasg
acidified with 3 N HCI and extracted with diethyl ether (3 ® 3G mli).
The combined ether layers were washed with H,0 (3 x 30 ml) and
brine {! x 30 ml), and then dried with Nua,50,. The ether solution
was concentrated to a yellow oil that was pwrified by silica gel
chromatography eluting with 30% (v/v) EtOAc and 2% acelic acid in
hezanes. The resulting yellow liquid was dissolved in diethyl other
{30 ml), washed with H,O (3 x 20 mE) and brine (1 x 20 mbL), and
then dried with Na,§0, The resulting solution was concentrated to
a light yellow oil and dried in vacug for 48 h. This yielded 14 as a
white solid (0.31 g, 82%). H-NMR (CDCL/TMS, ppm}: 1.31 (s, 6H,
CH;), 1.81 (t, T = 7.8 Hz, 3-CH;), 2.19, 2.16, 2,19 (3 x s, 9H, 5a-, Ta-
., Ba-CH,), 2.61 {t, J = 7.8 Hz, 2H, 4-CH;), 4.39 (s, ZH, OCH.) *C-
NMR (CDCL,, ppm): 117, 11.8, 127 (5a-, 7a-, Ba-CH,), 20.9, 26.8,
327 (alkyl), 69.1, (OCH.), 729 ¢2-C), 117.5, 123.2, 1255, 127.3
(aryl), 147.0, 1486 (Q-aryly, (738 (COOH); HRMS (CL, m/z):
279.159238 (M + B, Cale. for C,H;0, 279.159634).

3t
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) i i - idecyt)

0\r</\)\/\/L\/\/l\
7 Py
HO\H/\O 5 4'/3

o]

A solutien of all racemic -o-tocopherol (0.5 g 1.16

mmol) in N, N-dimethylformamide ({20 ml) was treated with methyl
bromoacetate {3.4 g, 8.3 mmol} and an excess of powdered NaOH
(1.2 g, 30 mmel). The resuiting yellow slurry was stirred vigorously
for 24 h ai room tewperature. The reaction was acidified with 5 N
HC1 and extracted with diethyl ether (3 x 30 ml). The combined
ether layers were washed with HyG (3 x 30 ml) and brine (1 x 30
ml),and then dried with Na;S30.. The ether, solution was
concentrated  to a vyellow oil that was purified by silica pgel
chromatography clufing with 19% (vfv) EtOAc and 2% acetic acid in
hexanes. The resulting vyellow liquid was dissolved in diethyl ether
(3¢ ml), washed with H,0 (3 x 20 mL) aod bgne (1 x 20 ml), and
then dricd with MNa;5CGy. The resulting selutlon was concentrated to
a light yellow oil and dried in vacuo for 48 h, This yielded 15 as a
waxy, off-white solid (80%). 'H-NMR (CDCl/TMS, ppm): 0.88 (m,
12H, 4a-, 8a-, 12a-. 13-CHy), 1.2 - 1.6 {m, 240, 4, §-,12-CH. 1'-
,2'-,3'-,5,6'-,7"-,9"-,10"-,11'-CH,, 2a-CH,), 1.84 (m. 2H, 3-CHj,
207, 214, 2.16 (3 x s, 94, 5a-, 7a-, 8a-CH;), 2.81 {t, ] = 6.5 He, 2H,
4-CHS), 4.34 {s, 2H, OCHy); “C-NMR (CDCl, ppm): 11.5, 11.7, 12.6
{5a-, 7&-, %8a-CH,). 19.6, 19.7 (CH.), 206, 213 (CH;), 224, 22.8
(CH,. 23.8 (2a-CH,), 24.5, 249 (CH,), 29.0 (CH), 31.6 (3-CH,),
32.6, 328 (CH), 375, 1.8 379, 395 410 (CHp), 493 {OCH,),
751 2-C), 117.9, 1233, 1255, 127.3 (aryl C), 147.0, 148.0 {aryl

32
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C-), 1739 (COOH), FRMS (CF m/z): 489.3%4375 (M + H*, Calc.
for C; H:0, 489.394383).

0\‘ ,,.-"‘ "
™coon
HO 3
\ﬂ/\o 5 %
]

A solution of (-)-(R)-6-hydroxy-2,57,8-
tetramethylchroman-2-carhoxylic  acid (0.34g, 1.36 mmol) in N,N-

et id (16

dimethylformamide (20 mL) was treated with methyl bromoacetate
(0.8 g 53 mmol) and an excess of powdered NaOH (07 g 18
mmol). The resulting yellow slury was stirred vigorously for 24 h
at room temperature. The reaction was acigdified with 5 N HCl and
extracted with dicthyl cther {3 x 30 ml). The combined ether layers
were washed with H,O (3 x 30 ml} and brine (1 x 30 mi), and then
dried with Na;5C,. The ether solution was concenlrated (o a yellow
oil that was purified by silica gel chromatography eliting with 30%
(v/v) EiQAc and 2% acctic acid in hexanes. The resulting vellow
liguid was dissolved in diethyl ether (30 mi), washed with ¥H,0 {3 x
20 mLl) and brine (1 x 20 mL}, and then dried with Na,S<,. The
resulting solution was concenirated to light yellow <il and dried in
vaguo for 48h. This yielded 16 as a white solid (0.33g, 80%). 'H-
NMR (CDCL/TMS, ppm): 1.52 (s, 3H, 2a-CH,), 2,10 {m, ZH, 3-CH,),
2,12, 2,16, 2.19 (3 x s, 9H, 5a., Ta-, 8a-CH,), 2.56 (. T = 6.5 Hs, 2H,
4-CH,), 4.36 {s, 2H, OCH,).

33
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0\4:J\«/\V/L»/“w/L\
fro? g
Ha\n/\o z 4/3

a

A solation of 10g (40mmol) of (-)-(§)-6-hydroxy-

2,5,7,8-tetramethylehroman-2-carboxylic acid and (.5g of p-
toluenesulfonic acid monohydrate in 200 ml of methanol was
stirred and refluxed for 4hr.  After cooling, the seolution was diluted
with water and extracted with diethyl cther. The combined ether
layers were washed with saturaced aqueous sodiom bicarbonate
golution |, HoO |, and brine {1 x 30 ml), and then dried with Na,50,.
The resulling solutien was concentrated and dried in vacuo for 48 h.
This yielded 10 g (95%) of methyl (-)-(3)- 6-hydroxy-2,5.,7.8-
tetramethylchroman-2-cacrhoxylate as a coleriess soilid which was
used without further purification. "H-NMR (CDCL/TMS, ppm): 1.52
(s, 3H, 2a-CH,), 2.10 (m, 2H, 3-CHy), 2.12, 2.16, 2,19 (3 x s, 9H, 3a-
, Ta-, 8a-CHs), 2.36 {t, J = 6.5 Hz, 2H, 4-CH)), 3.55 (s, 3H, OCH,);
MS (Cl, m/z): 264.422 M + H*, Cale. for C;;H,Q, 265.3224.

To a sclution of 2g (7.58mmol) of this ester in 7.5mi of
N, N-dimuethylformamide {DMF) was added 2.6 g (18.8mmeol) of
anhydrous granular potassium carbanate followed by 2.3 ml ( 20
minol) of benzylchloride. The resulting siurry was stirred at RT for
41 h then poured into 50 ml of water and worked up with ether in
the usual way. The product was freed of excess beazyl chloride at
50° undexr high vacuum. There was obtained 2.6%9g (100%) of pure
(TLC) (-)-(S)-6-benzyloxy-2,5,7,8-teiramethyl-chreman-2carboxylic

34
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acid methyl cster as a yellow solid, mp. 102-106° The analytical
specimen of this compound was prepated as a colorless solid m.p.
108-109° (from ether/methanol). 'H-NMR (CDCL/TMS, ppm): 1.54
{¢, 3H, 2a-CH.), 2.01 (m, 2H, 3-CH,}, 2.14, 2.17, 2.19 (3 x 3, 9H, 3a-
, 7a-, Ba~-CH3), 2.51 {t, J = 6.7 Hz, 2H, 4-CH.), 3.64 {s, 3H, OCH,),
5.12(s, 2H, 6-OCH,), 7.15 (m,SH, ArH); MS (CI, m/z): 355.232 M +
H*, Cale. for CpHys0, 354.448.

A solution of 3.54g (10mmol) of the above ether ester,
in 20 ml of tcluene and 10ml of CH,Cl, was stirred with cooling
from dry icefacetone bath while 12 mi (18 mmol} of 25%
disobutylalominum  hydeide in toluene (Texas Alkyls) was added
dropwise, over 10 min. After stirring at ca. -70° for 30 min, the
reaction mixture was cautiously decomposed (-70°) with 30 ml of
MeOH. Foilowing the addition of 50 ml of water and 30 ml of 1IN
aqueous H,50, solution, the mixture was warmed to RT, and worked
up with ether in the usunal way giving 3.2 g (100%) of crude
aldehyde {(+) §-6-Benzyloxy-2,5,7,8-tetramethylchroman-2-
carbaldhyde) as a wviscous oil which was purified by silica gel
ciitomatography eluting with 19% {v/v) EtOAc in hexane. 'H-NMR
{CDCITMS, ppm) - 1.53 (s, 3H, 2a-CHy), 2.11 (m, 2H, 3-CH,), 2.24,
227, 2,29 (3 % s, 9H, 5a-, 7a-, 8a-CH,), 2481 (1, J = 6.7 Hz, 2H, 4-
CHo), 3.19%(s, 2H, 6-OCH,} 7.20 (m,5H, ArH), 9.6(s,1H, CHO); MS
(CI, mfz): 325332 M + H*, Calc. for CpH,, 0, 324 422,

A solution of 9.6g of psendoionone was dissolved in 100
ml of 95% ethanol; after 0.68 g of sodivm borohydride in ethanol
had been added at room temperature, the mixture was stirred for 2
hr and then left standing overnight  The mixture was added to a
solution of 2 g of sedium hydrexide in 500 ml of water, The

mixture was exfracted with ether, and the cther extract was washed
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with water, dried, and concentrated. The distillation of the residual
oil in vacuo gave a colorless oil (pscudoienol); bp 112-
120°C/5mmHG. 7.7z (80%).

To a solution of 2.97g af psendoionel in 10 ml of
acetoniirile, there were added, uwnder stirring and while the
temperature  was kept below 30°C, 4.53g of triphenylphospine
hydrochloride which had been obtained by passing dry hydrogen
chloride into a solution of triphenylphosphine in dry ether. After
the mixture had been left standing owvernight at room temperature,
the acetonitrile was removed under reduced pressure below 50°C.
To the residuc therc werc added 447 gm of (+) S-6-Benzyloxy-
2.5,7.8-tetramethylchroman-2-carbaldhyde in 15 ml af
dimethylformamide, and the mixture was stired.  When a clear
solution was obtained, sodium methoxide prepared from 0.352 g of
sodivm and 7 ml of aanhydrous methanel was stirred in, drop by
drop below 15°C. The reaction mixtore was turned red by the ylid
formed. After the addition was complete, stirring was continued for
30 min at 10°C; then the mixture was gradually heated to 80°C,
when the recd color disappeared. The product was poured into 200
ml of 30% aqueous methanol. dried. and concentrated in vacuo.
The residual oil was dissolved in 20 m} of ether, and an etheral
solution of mercuric chloride was added until no more precipitate
formed. When the precipitate was filtered and the filtrate was
washed with water, dried and concentrated, to give 4.7 g of yellow
oil were obtained. The crude mixture of cis and trzns alkene (MS
(CL, m/z): 48522 , M + H* Cale. for C3Hu0, 484.7255) was
dissolved in 30 ml of ethyl aceiste and 0.80 g of 5% palladium on
carhon was added, and the mixtwre was shaken under 40 psi of H,
for 30 hrs and then filtered through Celilte and rinsed well with
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ethyl acetate. The filtrate was concenirated and purified by silica
gel chromatography eluting with EtDAc in fhexane (1:9) to give
2,5,7.8-tetramethyl -(2R-(2RS,6RS,10-trimethylundecyl))-6-
chromano!l (60% yield) 'H-NMR (CDCI/TMS, ppm): 0.97 (m, 12H,
2a%-, 6a'-, 10a'-, 11'-CHy, L1 - 1.7 (m, 20H, 2'-, &-,10-CH, 1'-,3'-
4'-,5-,7'-,8'-,8'-CH,, 22-CH;), 1.88 (m, 2H, 3-CH3, 2,17, 2.1%, 2.20
{3 x 8 9H, 5a, 7a-, Ba-CHy), 2.53 (t, J = 6.7 Hz, 21, 4-CH,); (MS (CL
niz) 4G3.27 . M + B, Cale. for CiH,Q, 402.0632,

A solution of 2,5,7.8-tetramethyl  -(2R-(2RS,6RS5,10-
trimethylundecyl))-6-chromanol {0466 g 1.16 mmel) in NN-
dimethylformamide (20 mL) was (reated with methyl bromoacetate
{34 g B3 mmol) and an cxcess of powdered NaOH (1.2 g 30
mmol). The resulting yellow slurry was stirred vigorously for 24 h
at roora temperature. The reaction was acidificd with 5 N HCI and
extracted with diethyl ether (3 x 30 ml). The combined ether layers
were washed with H,O (3 x 30 ml) and brine (I % 30 ml}and then
dried with Na,80,. The ether solution was concentrated to a yellow
oil that was purified by silica gel chromatography eluting with 19%
{vfv) EtOAc and 2% acetic acid in hexanes. This yielded compound
17 in 76% yicld. "H-NMR (CDCL/TMS, ppm): 0.57 (m, 12H, 2a'-, 6a’'-
, 10a-, 11-CHy), 1.2 - 1.7 (m, 20K, 2'-, §-,10.CH, 13- ¢'-,5.7-
8- 9-CH,, 2a-CHy), 1.92 (m, 2H, 3-CH» 2,18, 220, 223 (3 x s,
9H, 5a-, 7a-, Ba-CHy), 2.68 (t, } = 6.8 Hz, 2H, 4-CH,), 448 (s, 2H,
OCH,); M5 (CI, mfz): 461.44, M + B>, Cale, folr Cyfl,e0, 460.700.
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- P 2R ~frimethyl-1,3.59 EZ

/
\r-,,/l\/\//’l\/\)\
L2 5 L
H 3
NN
<]

To a solwiion of methyl (-)-(8)- 6-bhydroxy-2,5.7,8-
tetramethylchroman-2-carboxylate (20 gms 0.075mole} in 530ml of
dry DMF, imidazele (13 gm, (.1911mole), and tert-butyldimethyl-
silylchloride {14 zm, 0.0933 mole) were added. The mixture was
stirred at 23°C for 24 he and then tweated with ether and pouged
jnto 1IN HCL The organic extracts were dried {brine, Na,SO,) angd
concenirated in vacue, The crude product was purified by flash
chromatography (9:1 hexane :ethyl acctate) to yield 6-(dimethyl
{1,1-dimethylethyl)} silyl) - 2,5,7.8-tetramethyl-chroman-2-
carbosylate (TBS protected methyl ester). . '"H-NMR (CDCL/TMS,
ppm) : 0.12(s, 6H). 1.102(s, 9H), 1.18 (s, 3H), 1.48 (s, 3H), 1.645
(s, 3H), 2.07(s, 3H), 2.2 (t, T = 6.5he 2H), 2.48-2.7 (m. 2H) aad
3.72(s,3H, OCH;y) (MS (Cl, m/z): 379.32, M + H*, Cale. tor CgHyOy
378.580.

A solution of 3.78 g(1ldmmol) of the above ether ester,
in 20 ml of tolueme amd 10ml of CH.Cl, was stirred with coaling
from dry icefacetone bath while 12 mi (1§ mmol) of 25%
discbutylalominum  hydride in toluene (Texas Alkyls) was added
dropwise, over 10 min. After stirring at ca. -70° for 30 min, the
seaction mixture was cautiously decomposed {.70°) with 10 ml of
MeOH., Following the addition of 30 ml of water and 50 ml of 1N

aqueons H,80, solution, the mixture was warmed to RT, and woarked

38

JP 2004-504268 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

23

(102)

WO 01/58889 PUTIUSOTMN416R

up with ether in the usual way giving 3.2g (90%) of crude aldehyde
{{+)8-6-(dimcthyl(1l,[-dimethylethyl)silyl)-2,5,7,8-tetramethyl-
chroman-2-carbaldhyde} as a viscons oil which was purified by
silica gel chromatography eluting with 19% {v/v) EitDAc in hexane.
Concentration of the solution foilowed by drying upder vacuo for 48
fi yielded TBDS aldehyde (78%) as a solid of mp 66-68°C, 'H-NMR
(CDCL/TMS, ppm) : 0.12(5, 6H). 1.1(s, 9H), 1.38 (s, 3H), 1.64 (s,
3H), 2,12 (3, 3H), 2.16(s, 3H), 2.3-2.2 (m, 2H), 2.53 (m, 2H) and
$.82(d, J=14Hz, 1HY MS (CI, m/z): 34340 M + H+, Cale. for
CaH 5105 348.560.

To a solution of 297 g of psedoionol in 10 ml of
acetonttrile, there were added, under stwmng and while the
temmperature was kept below 30°C, 4.33 g of triphenylphospine
hydrochloride which had been obfained by passing dry hydrogen
chloride into a solution of triphenylphosphine in dry ether. After
the mixture had thea been left standing overnight at room
temperature, the acelcoilrile was removed under reduced pressure
below 30°C. To the residue there were added 480 gm of ((+)8-6-
(dimechyl(i,1-dimethylethyl)silyl)-2.5,7,8-tetramethylchroman-2-
carbaldhyde) in 15 ml of dimethylformamide, and the mixture was
stirred.  When a clear solution was obtalned, sodium methoxide
prepared from 0,352 g of sodium and 7 ml of anhydrous methanol
was stirred in, drop by drop below 15°C. The reaction mixture was
turned red by the yld formed. After the addition was complete,
stining  was continued for 30 min at 10°C; then the mixture was
gradually hoated to 80°C, when the red color disappeared. The
product wus poured into 200 ml of 50% aqueous mwethanol, dried,
and concentrated in vacuo, The residual oil was dissolved i 20 ml

of ether, and an etheral solution of mercuric chioride was added
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until no mere precipitate formed. When the precipitate was filtered
and the filtrate was washed with water, dried and concentrated, to
give 4.7 g of yellow oil were obfained. The crude silyl ether mixture
of cis and trans alkene was dissolved in THF and tetra-n-
butylammonivmflueride  (0.031mele)  wus  added. After  being
stirred at 23°C for 40 minutes, the mixture was poured into water
and extracted into ether. The cther extract was dried concentrated
and purified by silica gel chrematography eioting with EtOAc in
hexane (1:9) to give 2,5,7,.B-tetramethyl-2R-  (2,6,19-trimethyl-
1.3.5,% EZ decatetraen)-  G-chromanol  (68%  yield). 'H-NMRE
(CDCIYTMS, ppmy : 1.28 (s, 3H, 2aCH,), 1.65(s, 3H), 1.70(s,6H)
1.72 (s.,3H), 1.%(m, 6H), 2.18 (s.3H), 2.35 (5, 6M), 253 (1, T =
6.0Hz, 2H, 4CH3), 513 - 5.27 (m, 3H) and §.44(m, 2H) ; MS (CI,
miz): 395.17 M + H*, Cale. for CpH 0, 324.60.

A solution of 2,5,7.8-tetramethyl-2R- (2,6.10-trimethyl-
1,3,5,9 E:Z decateiraen)- G-chromanol (0.457 g, 1.16 mmol) in N,N-
diipethyIformamide (20 wl) was treated with methyl bromoacaetate
(3.4 g 83 mmol) and an cxcess of powdered NaOH (1.2 g 30
mmel).  The resulting yellow slurry was stirred vigorously for 24 I
at room temperature, The reaction was acidified with 3 N HC] and
extractad with diethyl ether (3 x 30 ml). The combined eother Iayers
were washed with H;O (3 x 30 ml} and brine {1 x 30 ml), and then
dried with Na,50Q,. The ether solution was concentraied 10 a yellow
oil that was purified by silica gel chromatography eluting with 19%
(vfv) EtQAc and 2% acetic acid in hexanes. The resulting lignid was
dissolved in diethyl sther (30 ml), washed with H,O (3 x 20 mL) and
brine (1 x 20 mL}, and then dried with Wa,S0,. The resulting
solution was concenirated and dried in vacuo for 4§ h. This yielded
compound I8 in 67% yield, 'H-NMR (CDCL/TMS, ppm) : 1.24 (s,
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TH, 2aCH.), 1.63(s, 3H), 1.72(s,6H) [.74 (s3H), (.92(m, 6H), 2.18
(a,3H), 226 (S, 6HD, 243 (t J = 6.6Hz, 2H, 4CH,), 4.68 (s,2H,
OCH,), 5.10 - 5.27 (m, 3H) and 6.34(m, 2H) ; MS (Cl, m/z): 452.24
M - H*, Cale. for CH3y0,452.63.

CHNT"0 4

A solution. of 3-bromopropylamine hydrobromide (1.0 g,
4.6 mmol) in a 2:1 dioxane/H;0 (45 ml} was cooled to 0 °C and
treated with E.CO, (6.22 g, 45 mmol} and di-tert-butyl dicarbenate
(1.5 g 6.9 mmol). The reaction was stirred for 15 h while warming
ta room temperature. The dioxane was removed in vacue and the
remaining aqueous mixtore was acidified with 5 N HCl and oxtracted
with ethyl acetate (5 x 25 mL). The combined organic layers were
dried with MgS0, apd yielded 3-bromo-N-(tert-
butoxyecarhonyl)propylamine as a colorless oif (0.93 g, 93 %) 'H-
NMR (CDCL/TMS, ppimd: 1.4% (5 O, CH), 2.02 {quintet, J = 6.4 Hz,
AL, CHy), 323 {m, 2H, NCH), 341 (1, J = 6.6 Hz, CH;Br), 4.8
{broad, 1H, NH); U“C-NMR {CDCI, ppm): 283 (CH,), 30.7, 32.6,
38.9 (CHy), 79.3 {quaternary C}, 1559 (CO): MS [CI, mfz): 239, 241
(M + H*Cale. for CH zBrNO; 237.03544).

A solution of R,RR-a-tocopherol (0.5 g 1.16 mmol} in
N,N-dimethylformamide {15 mL) was teeated with 3-kromo-N-{tert-

butoxycarbonyl}propylamine {0.9 g 3.8 mmol) and an excess of
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powdered NaOH (032 g, & mumol). Tﬁe resulting yellow slurry was
stirred vigorously for 24 h at room temperature, The rcaction was
acidified with 5 N HCI and extracted with diethyl ether (3 x 30 mi).
The combined ether layers were washed with H,O {3 x 30 ml) and
brine (1 x 30 ml), and thea dried with Na,30,. The ether solution
was concentrated to a yellow oil that was purified by silica gel
chromatography eluting with EtOAe (10% v/v) in hexanes. This
yielded desired ether as a colorless ofl (0.45 g, 66%). 'H-NMR
{CDCL/TMS, ppm): .87 (m, 12H, 4a’-, Ba’-, 12a°-, 13’-CHjy), 1.0 -
1.6 (m, 33H, 4'-, §-, 12°-CH, 1I’-, 2°-,3"-.5"-,0"-,7"-,97-,10°-,11"-CH,,
2a-CHj), 1.81 (m, 2H, 3-CH,), 1.99 (quintet, T = 6.2 Hz, ?H, CH,),
2.07, 2.14, 2.1G (3 % s, 9H, 5a-, Ta-, 8a-CH,), 2.59 (t, ] = 6.6 Hz, 2H,
4-CH.), 3.43 {m, 2ZH. NCH,), 3.73 (t, J = 5.7 He, 2H, OCH,), 4.35 (s,
2H, OCH.Y PC-NMR (CDCL, ppm): 117, 120, 129 (5a-, Ta-, Ba-
CHJ), 19.6, 19.7 (CHy), 20.6, 21.0 (CHy), 22.6, 22.7 (CH.), 23.7 (2a-
CH,), 244, 24.8 (CH,), 27.9 (CH), 31.2 (3-CHy), 32.7, 32.8 (CH),
37.2, 37.4, 37.5, 39.3, 40.1 (CHp, 70.2 (OCH,), 748 (2-C), 117.5,
122.9, 1255, 127.5 faryl C), 147.5, 148.0 (aryl C-0), 156.0 (CO);
MS (CI, m/z): 589 M + K¢, Calc. for CayHgNO, 587.49136.

The above N-protected ether (0,1 g, 0.7 mmol) was
dissolved 4 N HCI in dioxane (1 mL, 4 mmol) and stirred for 4 h.
The dioxane was removed by blowing s stream of argon over the
reaction mixture. The resulting material was dried in vacuo for § h
yielding 1% as o white selid (82 mg, ¥9%). 'H-NMR {(CDCi/TMS5,
ppm): 0.87 (m, 12H, 4a'-, 8a'-, 12a-, 13'-CH,), 1.0 - 1.6 (m. 33H,
4-, 8-, 12'CH, 1-, 2-, 3'-,5'-,6"-,7-,9-,10'-,11'-CH,, 2a-CH;), 1.81
{m, 2H, 3-CH;}, 1.99 (quintet, J = 6.2 Hz, 2H, CHy), 2.07, 2.11, 2.15
(3 x 5, 9H, 5a-, 7a-, 8a-CH,), 2.29 (m, 2H, CHy), 2.59 (t, T = 6.6 Hz,
2H, 34-CH,), 3.43 (m, ZH. NCHy), 379 (m, 2H, OCH;) PC-NMR
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(CDCL,, ppm): 11,8, 119, 12.7 (5a-, 7a-, 82-CHi), 19.6, 19.7 (CH,),
2006, 21.0 (CH,), 22.6, 22.7 (CH,), 23.9 (2a-CHy), 24.4, 24.8 (CH;),
28,0 (CH), 284 (CH,), 31.2 (3-CHy), 32,7, 32.8 (CH), 373, 37.4,
37.5, 394, 40.0 (CH,), 74.8 (OCH,), 75.0 (2-C), 117.5, 122.9,
126.0, 127.3 (aryl C), 147.8, 148.0 (aryl C-0); HRMS (CI, m/z):
487.438887 (M + H*, Calc. for Cy;H5; NG, 487.438935),

2.0, 7. 8-1etramethyl-(ZR-(4R . 8R_ 12-trimethv ﬂ:I‘dﬂE;! )

;I
a

A solution of R.R,R,-u-tocopherol acetate (2 g, 4.2mmol)
in amhydrous toluens (150 ml) was heated to reflux and then
treated with  2,3-dichloro-5,6-dicyans-1,4-benzoquinone (0.96 g,
4.2 mmol) in 4 portions at 1 h ingervals. The reaction was refluxed
for 24 h. During ¢his time the reaction mixture became a dark red
coler and then it precipitated a light colored solid. The reaction
was cooled to room tomperature, filtered, and the filtrate was
concentrated. The resulting dark colored oil was purified by silica
gel chromatography eluting with ethyl acetate (10%, w/v) in
hexanes. This yielded the desired chromene acefate as a colorless
oil (1.74g, 88%). 'H-NMR (CDCLJ/TMS, ppm): 0.87 (m, 12H, 4a’-,
Ra’-, 122’-, 13’-CHy), [.0 - 1.6 (m, 24H, 4'-, 8-, 12’-CH, 1*-,2°-,3"-
30,6779 100 11 -CH,, 2a-CH,), 2.07, 2.13, 218 (3 x5, 9H, 5a-,
Ta-, ¥a-CHj), 2.35 (s, 3H, CH,CO-), 53.61, 6.52 (2 x d, ]I = 100 Hz,
2H, CH); "“*C-NMR (CDCl,, ppm): 1.5, 11.6, 13.1 (5a-, 7a-, 8a-CHy),
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14.1 (CH,). 19.6, 19.7 (CH.). 20.4, 21.4 (CHp, 22.6, 22.7 (CH,).
24.4, 248 (CHp, 25.8 (2a-CH;), 279 (CH), 303 (3-CH;), 32.7, 32.8
(CH), 37.2, 374, 394, 41.0 (CH.), 603 (2-(), 1176, 1197, 122.3,
122.6, 1289, 129.6 (aryl and vinyl ), 1412, 1484 {aryl C-0),
16%.4 (CO), HRMS (CEL mfs): 471375799 M + B*, Cale. far CyHy0,
470.3758%a.

A solution of the chromens acefate (1.0 g, 2.13 mmol)
in ethanelf (20 mlL) was treated with 2 N NaOH (20 mL) and stirred
at 60 °C for 90 min. The reaction mixtore was cooled, acldified
with 5 N HCL, and the cthanol was removed jn vacuo, The resuliing
aqueous solution was exiracted with ether and coocentrated to a
light .yellow oil that was purified by silica gel chromatography
cluting with ethyl acetate (15%, v/v) in hexanmes. This yielded the
desired chromene-6-ol intermediate as a colorless oil (0.92 g, 98%).
'H-NMR. (CDCL/TMS, ppm}: 0.87 (m, 12H, 4u-, 8a'-, 12a'-, 13'-
CH,), 1.0 - 1.6 (m, 24H, 4-, 8-, 12-CH, 1-2-3-,5-6%, 7'-,9'-,10'-
LA1-CH,, 2a-CHG), 2,14, 218, 219 (3 % s, 9H, 5a-, Ta-, Ba-CHy),
5.83, 6.55 (2 5 d, T = 10.0 He, 2H, CH); PC-NMR (CDCL, ppm): 10.8,
11.6, 124 (5a-, Ta-, 8a-CHj), 19.6, 197 (CH,) 21.3 (CH.), 22.¢,
32.7 (CH,), 24.4, 248 (CH,), 25.2 (2a-CH.), 27.9 (CH), 303 (3-
CHz), 327, 32.8 (CH), 37.2, 374, 37.5, 39.3, 40.5 (CHp), 50.8 (2-0),
116.2, 1178, 1201, 122.3, 123.0, 130.0 (aryl and vinyl C), 144.4,
1453 (aryl C-C), 1694 (CO); HRMS (CI, m/2): 428.365275 M + H+,
Cale. for CyHlieQy 428.365431,

A solution of the chromene-G-al intermediate (0.9 g, 2.1
mmel) in NN-dimethylformamide {20 rol) was treated with methyl
bromoacetate (3.4 g, §.3 mmol) and an excess of powdered MNaOH
(1.2 g, 30 mmol). The resulting yellow sfurry was stirred vigorously

for 24 % at room temperature. The reaction was acidified with 5 N
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HCL and extracted with diethyl ether (3 x 30 ml). The combined
ether layers were washed with H,0 (3 x 30 ml) and brine (1 x 30
ml}, and then dried with Na50,. The ether solution was
concentrated  to a yellow oil that was purified by silica gel
chromatography eluting with 9% (v/v) EtQAc and 2% acetic acid ip
hexanes. The resulting yellow liquid wus dissolved ip diethyl ether
{30 ml}), washed with H,O (3 x 20 wl) and brine (1 % 20 mL), and
then dried with Na,80, The resulting sclution was concentrated to
a light vellow oif and dried in vacuo for 48 h. This yielded 15 as a
colorless (0,90 g, 88%). 'H-NMR {CPRCL/TMS, ppm): 0.87 (m, 12H,
4a-, Ba'-, 12a'-, 13-CH;), 1.0 - 1.6 {m, 24K, 4-, §-, 12*-CH, I'-, 2’-
3,56, 7,910, 11-CH,, 2a-CH,), 2.07, 2.10, 2.19 (3 x5, 9H,
Sa-, Ta-, 8a-CH.), 4.37 (5, 2H, OCH:), 3.62, 6.50 (2 x d, ] = 10.0 Hg,
ZH, CHy; BC-NMR (CDCl,, ppm): 11.3, 11.5, 12.9 (5a-, Ja-, 8a-CH,),
19.6, 19.7 (CHJ), 21.3 (CHal), 22.6, 22,7 (CH.), 24,4, 248 (CH,),
23.6 (2a-CH,), 27.9 (CH), 309 (3-CHy), 32.7, 32.8 (CH), 37.2, 37.4,
37.5, 39.3, 40.% (CH,), 60.5 (OCH)), 69.1 (2-C), 1180, 119.8,
1228, 122.9, 129.6, 19.8 (aryl and vinyl C), 147.5, 147.8 (aryl C-
), 1734 (CO), HRMS {CI, m/z): 487378731 M + H* Calc. for
CyH 0, 487.378736.

EtsNH(JaSO\\/\O P

45

JP 2004-504268 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(109)

WO 01/58889 PUTIUSOTMN416R

A solation  of 2-(2.5,7,R-tetramethyl-(2R-(4R,8R,12-
trimethyliridecyl)chroman-6-yloxy})sthan-1-0l  (13) (0.1 g, 0.21
mmol) in anbydrous DPME (2 ml) and pyridine (0.6 ml) was treated
sulfur Uioxide-N,N-dimethylformamide complex (0.16 g, 1.0 mmol),
and the resuliing solution was stirred for 24 h. The reaction
mixture was quenched with 1 N HCI and then exiracied with CHCL,
(5 x 5 ml) (Gaseous ammonia was bubbled through the CH,CI,
solution for 10 min. The fesulting solution was concentrated to a
yellow paste anpd porified by silica gel chromatography eluting with
MeOH (10%, v/v) and triethyl amine (2%) in CHCl;, This yielded 21
a5 a yellow semi-sofid {92 mg, 77%) ‘H-NMR (CDCI/TMS, ppm):
0.87 (m, 12H, 4a’-, 8a-, [2a-, 13'-CH,), 1.0 - 1.6 (m, 33H. 4- 3'-
J2-CH, 1'-,2'-,3',5",6',7,8"-, 10, 11"-CH;, 2a-CHy), L.8) (m, ZH,
3-CH,), 1.95 2.01, 2.05 (3 x s, 9H, 5a-, Ta-, 8a-CH;), 2453 (t, J = 6.6
Hz, 2H, 4-CHj), 3.05 (m, 6, NCI;), 3.79 (m, 2H, OCH,), 421 (m,
2H, OCH,); "#C-NMRE (CDCL, ppm}: 9.46 (CHy), 124, 12.6, 13.5 (5a-
, Ta-, 8a-CH,), 20.3, 20.4 (CH,), 21.3, 21.7 (CH,), 23.3, 23.4 (CH,),
24.5 (Ea—C}'I;), 25.1, 25.5 (CHy), 28.6 (CH), 31.9 (3-CHj;), 33.3, 33.4
(CH), 37.9, 3%.1, 40.0, 40.8 (CHy}, 46,9 (NCH,), 67.4, 71.¢ (OCH,),
755 (2-Cy, 1183, 1235, 1265, 1283 (aryl C), 1485 (aryl C-O)
HRMS (CI, mz): 534.364102 M - NH; , Calc. for C5HsQeS
554.364119.
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A solutien of R.R,R-c-tocopherol (1.0 g, 2.3 mmol) in
anhydrous CH,Cl, (25 mLl) was cooled to O °C. Diisopropylethyl
aming (2 mL, 11.6 mmeol) was added feollowed by the dropwise
addition of trifluoromethylsulfonic anhydride (3.0 g 17.7 mmeol).
The solution twrned to a dark immediately and was allowed to warm
to room temperatere  while stircing for 24 h,  The reaction was
quenched with H,O and then was extracted with diethyl ether (2 x
1¢0 mL). The combined ether layers were washed with 1 N HCI (50
ml), H,O (50 mL), brine (50 wl), and then dried with MgSQ,, The
cther solution was concentrated to a yellow oil and purified by silica
gel chromatography eluting with ethyl acetate (3%, w/v) in hegane.
This yielded the desired triflate intermediate as a yellow oil (1.3 g,
quantitative). H-NMR (CDCL/TMS, ppm): 0.87 (m, 12H, 4a'-, 8a'-,
12a'-, 13-CH;), 1.0 - L6 (m, 24H, 4-, &-, 12'CH, i, 2'-,3'-,5'"-,6"-
\7-,97-,10'-,11'-CH,, 2a-CH,), 1.81 {m, 2H, 3-CH,), 2.07, 2.13, 2.21
(3 x 8, 98, 5a-, 7a-, 8a-CH,), 2.62 (¢, ] = 6.6 Hz, 2H, 4-CH;); 13C-
NMR (CDCl;, ppm): 11.8, 13.2, 140 (Sa-, 7a- 8a-CH), 12.6, 19.7
(CH,), 26.6, 21.0 (CH,), 22.6, 22.7 (CH,), 23.8 (2a-CH;), 24.4, 24.8
(CHa), 28.0 (CH), 31.2 (3-CH,), 32.7, 328 (CID, 37.3, 374, 37.5,
394, 400 (CHy), 75.6 (2-C), 1184, [24.4, 12677, 12B1 (aryl C),
139.6, 150.9 (aryl C-0); YE-NMR (CDCl,, ppm): -73.52; HRMS (CI,
mfz)t 563337803 (M + H*, Cale, for C,,Hy,O,Fa8 563.338192),

A solutien  of the wiflake (1.3 g, 231 mmol) in
anhydrous DM (23 mL} was treated with LiCl1{0.98 g, 4.62 mmol),
tripbenylphospbine (037 g 1.4 mmel), 2,6-di-tert-butyl-4-
methylphenol {2-3 crystals), tribotyl(vioyDtin ¢0.73 g, 2.31 mmol),
and dichlorobis(triphsaylphosphine)-palladium(1I)  (0.24 g, 0.35
mmel). This mixture was heated to 120 °C and stirred. After 2h,
additional tributyl(vinyDtin (0.73 g, 2,31 mmol}). After 8 h, the
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reaction was cooled to room temperature and added Lo a mixture of
H,0 (50 mL) and dietbyl ether (50 mL). The ether layer was washed
with 1 N HCI (6 x 30 mL) and a saiurated solution of EF{6 x 30 ml.}.
The ether solution was dried with Na;80,4 and then coocentrated to a
dark oil. This material was purified by silica gel chromatography
eluting with othyl acetate (3%, v/v) in hexane yielding the 6-
vinylchroman intermediate as a clear oil (038 g 38%). 'H-NMR
(CDCl/TMS, ppm): 0.87 (m, 12H, 4a'-, 82-, 12a'-, 13'-CH,), 1.0 -
1.6 (m, 249, 4'-, 8- 12-CH, 1'-,2'-,3'-.5'-,6-,7-,9-,10"-,11"-CH,,
2a-CH3), 1.86 (m, 2H, 3-CH,), 2.20, 2.24, 228 (3 x5, 90, 5a-, 7a-,
8a-CHa), 2.62 (t, J =68 Hz, 2H, 4-CHy), 5.18, 556 @ x dd, Jpn =
1.3 Hz, J4 = 11.2 Hz, 1, = 18.7 Hz, 2H, =CH,), 6.77 (dd, J = 18.7,
11.2 Hz, 1H, CH); "C-NMR. (CDCl,, ppm): 11.5, 16.3, 17.2 {ja-, Ta-,
8a-CHa), 19.7, 19.8 (CH,), 20.8, 21.1 (CH,), 22.6, 22.7 (CH,), 23.9
2a-CH), 24.5, 248 (CHp), 28.0 (CH), 31.2 (3-CH,), 327, 32.8
(CH), 37.3, 375, 375, 394, 40.1 (CH.), 74.9 (2-C), 116.7, 119.0,
122.0, 129.8, 131.2, 132.8, 136.8 (arylivinyl C), 130.9 ({aryl C-0O);
HRMS (CI, mfe}: 440401602 (M + H* Cale. for CyHaO
440,401812),

A solution of the 6-vinylechroman intermediate {0.12 g,
0.27 mmol) in aohydrous THF (1 mL) was cocled to 0 °C aand
treated with 9-BBN (0.60 mL, 0.5 M in THF, 0.3 mmol). The reaction
mixture was heated to reflux for 8 h. The reaction wes quenched
with water (L.5 mL) and treated with NaBO,*4H,C and the resolting
slurry was stirred overnight. Diethyl ether (4 mL) and the reaction
mixture were exiracted with CH,Cl; (2 x 20 mL). The organic layers
were concentrated to s clear oil that was purified by silica gel
chromatography elnting with ethyl acetate (50%, v/v) 1n hexane.
This yielded the desired 6-(2-hydroxyethyl)chroman intermediate as
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a colorless oil (30 mg, 24 %). 'H-NMR (CDCL/TMS, ppm): 0.87 {m,
12H, 4a'-, Ba'-, 12a'-, 13-CH), 1.0 - 1.6 (m, 24H, 4'-. 8-, 12'-CH,
1'-,2'-,3'-,5'-,6'-,7-,9'-,10°-, 11'-CH,, 2a-CH,), 1.81 (m, 2H, 3-CH,),
2.17, 2.24, 2.28 (3 x s, 9H, 5a-, 7a-, 8a-CH,), 2.68 (t, J = 6.8 Hz, 2H,
4-CH,), 3.01 (1, T =75 Hz, 2H, Ar-CHy), 3.74 (¢, T =735 Hs 2H,
GCH,); PC-NMR (CDCL, ppm): 12,0, 151, 16.0 (3a-, 7a-, 8a-CH,),
19.6, 19.7 (CHy), 20.6, 21.0 (CH,), 22.6, 22.7 (CH,), 23.8 (2a-CH,),
244, 248 (CHg), 28.0 (CH), 31.2 (3-CHy), 327, 323 (CH), 37.3,
37.4, 37.5, 39.4, 40.0 (CHy, 62.2 (OCH,), 72.6 (2-C), 1163, 122.3,
124.%, 1324, 1339 d{aryt C), 1501 (aryl C-0); HRMS (CL m/z):
458.412154 (M + H*, Calc. for CyH0, 458.412384).

A solution of pyridinium chlarechromate (32 mg, 0.1
mmol) in anhydrous CH,CL, (0.5 mL) was treated with a solution of
the 6-(2-hydroxyethyl)chroman intermediate (32 mg, 0.07 mmol) in
CH,Cl, {0.5 mL). The reaction was stirred for 2 h at which time no

starting materizal was visibie by thin layer chromatography. Diethyl

~ether (2 mL) was added and the resulting solution was filtered

through a thin pad of celite. The filtrate as concentrated and
vielded a yellow oil (20 mg). This ail was dissolved in t-BuGH (0.3
ml) and freated witk phosphate buffer (0.5 mi, 1 N, pH = 4.0), 2-
methyl-2-buiene (0.1 mL) and NaClQy (5.4 mg, 0.05 mmol). After
stirring for 40 min, the reaction mixture was exiracted withCHCl; (6
s 10 mL) and the combined arganic layers were dricd with Na,SO..
The CHCl; solution was concentrated to a yellow il that was
purified by preparative thin layer chromatography eluling with ethyl
acetate (30%, wv) and acetic acid (1%) in hexanes. This yielded 22
as colorless oil (20 mg, 63%). H-NMR (CDC1/TMS, ppm): 0.87 (im,
12H, 4a'-, 8a-, 12a-, 13-CHy), 1.0 - 1.6 (m, 24H, 4-, &, 12-CH, 1'-
,2'-,3'-,5-,6'-,7'-,9'-,10-,11'-CH,, 2a-CH,), 1.81 (m, 2H, 3-CH,),
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2,17, 2.24, .28 (3 & 5, OH, 5a-, 7a-, Ba-CHy), 2.66 (t, J = 6.8 Hg, 2H,
4-CHa), .71 (s, 2H, CH;COOH), “C-NMR (CDCly, ppm): 12.0, 15.3,
16.2 {3a-, 7a-, 8a-CHy), 19.6, 19.7 (CH,), 20.6, 21.0 (CH,), 22.6,
227 (CHj), 238 (2a-CHj), 24.4, 24.8 (CH,), 28.0 (CH), 28.9, 31.2
(3-CH,), 327, 32.8 (CH), 37.3, 37.4, 37.5, 39.4, 40.0 (CH,), 72.6
(2-C), 117.1, 122.2, 124.8, [32.4, 132.7 (aryl ©), 150.2 (aryl C-O),
1792 (COOH); HRMS (CI, m/z): 472391563 (M + H-, Cale, for
CyHu0, 472.391644).

a

A solution of hexyltriphenyphosphonium bromide
(0.880g, 2.05mmol) in 11.2 ml of anhydrous DME was stirred at
room temperature  while 0.8¢ ml (2.06mmol} of 24 M n-
butyllithinm in bexane was added. The resulting ted solution was
stirred for 2Zh at toom temperatuce, then a solution of ((+}5-6-
Benzyloxy-2.5,7 8-tetramethylchroman-2-carbaldhyde (306  myg,
0.944 mmol) in 3 ml of anhydrous DME was added and stitting was
continned for 3 h at 63-75°C. Afier cooling, the reaction mixture
was poured into cold dilute H,S0O, and work up ether was carried
out jn the uswal mapper. The ether was concentrated in vacuo to
afford the eily material. Product was isolated using column
chromatography and eluted with chloroform to yield 46% of the
product. The mixture of cis and trans alkene was dissalved in 30 ml

of ethyl acetate and 50 mg of 3% palladium on carben was added,
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and the mixture was shaken under 40 psi of H, for 10 hrs and thea
filtered through Celilte aod rinsed well with ethyl acetate. The
filtrate was concentrated and purified by silica gel chromatography
eluting with EtQAc in hexanz (1:_9) to give (2R} 2,5,7.8-tetramethyl-
Z-{hepiyl)-6-chromanol (60% vield) 'H-NMR (CDCI/TMS,
epm):0.89 {5, 3H), 1.3-1.5 (m, 1SH), 1.89 (m, ZH), 2.2 (s, 3H),
2.08(x, 3H), 223 (3, 3H) , and 248 (t, T =05 Hz, 2H) MS (CI,
m/e1303.35 M + HY, Cale. for CpH50,304.4746).

A solution of 2,5,7,8-tetramethyl-2-(heptyl) chromancl
(0.353 g, 1.16 mmeol} in N,N-dimethylformamide {20 ml) was
treated with methyl bromoacetate (3.4 g, 8.3 mmol) and an excess
of powdered NaOH (1.2 g, 30 mmol). The resulting yeilow slurry
was stirred vigoronsly for 24 h at room temperature. The reaction
was acidified with 5 N HCI and extracted with diethyl ether (3 x 30
ml). The combined ether layers were washed with HxO (3 x 30 ml)
and brine (1 x 30 mi), and then dried wiih Na,50,. The eother
solution was concentrated to a yellow oil that was purified by silica
gel chromatography eluting with 19% (v/v) BtOAc and 2% acetic
acid in hexanes, The resulting liquid wag dissolved in dicthyl ether
(30 ml), washed with H;O (3 x 20 mL) and brine (1 x 20 ml), and
then dried with MNa50,; The resulting solution was concentrated
and dried in vacuo for 48 h.  This yielded composnd 23 in
36%yield, 'H-NMR (CDCL/TMS, ppm}: H-NMR (CDCL/TMS, ppm):
0.88 (s, 3H), 1.2-135 (m, I15H), 1.88 (m, 2H), 2.1 {5, 3H), 2.18{s,
3H), 2.2 (5, 3H) , 2.55 (v J =6.5 Hz, 2H} and 4.78 (s, 2H); HRMS
{CI, m/g):363.2535 (M + H*, Cale, for CpH,.0.,363.2541).
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ﬂ‘EI‘lL‘ a.ld (!g]
The compounds 24 and 23 were synthesized in manner
identical to the synthesis of 23 using appropriate phosphonium

5 bromide.

O, _~

Hom/\ A
0

'H-NMR (CDC1/TMS, ppm): 0.83 (s, 3H), 1.25-1.57 (m,
10 27H), 1.88 (m, 2H), 2.1 (s, 3H), 2.18 (s, 3H), 2.20(s, 3H), 2.55 (1, J
=6.0 Hz, 2H) and 448 {s, 2H) ; MS {CI, m/z): 447.14 M + H*, Calc.

For Oy .04 446,6732,

25,7 S-tetromethyle(2R (heptadecyl)  chroman-G-yloxylacetic  acid
15 (25}

EL-NMR (CDCL/TMS, ppm): 0.86 (s, 3H), 1.15-1.67 (m,

20 35H), 1.88 (m, 2H), 2.16 (s, 3H), 220 (s, 3H), 2.23(s, 3H), 2.55 (t,

I =64 Hz, 2H) and 4.78 (s, 2H) : MS (CI, m/z): 503.45 M + H?,
Cale. For Caplle04 502.781.
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2.5.7 8-tetramathyl-2R-(4,R -dimathyl-1,3,7 EZ

Compouna 26 was synthesized in a manner identical to
the synthesis of compound 18 wusing nerol imstead of pseudoionol.
\H-NMR (CDCIL/TMS, ppm) : 1.24 (s, 3H, 2aCH,), 1.63(m, 1H} 1.68
(s,3H), 1.74(s,6H), 1.92(m, 6H), 2.18 (s,3H), 2.29 (5, 6H), 2.43 (t,
J = 6.6Hz, 2H, 4CH,), 4.68 (s, 2H, OCH,), 5.64(m, 2H) and 5.27 (m,
1H) ; MS (CI, w/z): 413.24 M +H*, Cale. for CygH,,0,412.0115.

ol

2,3,6-trimethylphenol (1.6 g, 11.8 mmol) was dissolved

in 50 mL of anhydrous methanol which had been deoxygenatéd by
bubbling with nitrogen. Ammonium thiocyanate (2.2 g, 28,9 mmol)
was added to this solution which was then cooled o 0 °C and
bubbled with chlorine gas. The initially colosiess homogeneous
sojution becomes pink and then grecn with the formation of a white
precipitate.  The solution was stired for 1 h at 0 °Cand then for a

further hour at 20 ° . The dissolved chlorine was removed by
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bubbling svith nitrogen and the precipitate removed by filtration.
Evaporation of the filtrate under veduced pressure  followed by
drying under high vacoum (0.1 torr) yielded 2.20 g (37%) of 2,3,5-
Trimethyl-4-hydroxyphenylihiocyanate in a form pure enonph for
the npext step in the synthesis, An analytical sample was
recrystallized from hexanes : white crystals, mp 100.3 * C. *H NMR
(CDCL) 8 7.2 (3, 1 HY, 3.0 (5, 1 B 24 {5, 3 H), 2.2 (5, 6 H).

2,3,5-Trimethyl-4-hydroxyphenylithiocyanate (2 g, 10.35
mmol) was dissolved in 100 mL of anhydrous efher containing 235
mL of anhydrous tetrahydrofuran. This solution was added
dropwise over 1 h to 100 mL of anhydrous ether containing LiAl,
(0.9 g 24 mmoi} at room temperature. After a further hour at 20 ©
C, the unrezcted LIAIH, was destroyed by cooling the helerogeneous
mixtire to 0 *C and adding moist ether (30 mL), H,O (50 mL), and 1
N HCL (50 mL). A further 50 mL of water was added znd the organic
phase was separvated and washed with water (2 x 50 mL), NaHCO,
solution (2 x 50 mL}), water (2 x 50 mL), and saturated NaCl (50
mL). The organic phase was dried over anhydrous MgSO4 and
filtered and the solvent remaoved under reduced pressure. Silica gel
column chromatography with 5% ethyl acetate in hexane gave 1.8 g
(90%) of 2,3,5-trimethyl-4-hydroxybenzenethiol as a white powder,
mp 86 °C (Lit. ' mp 86 °C).

Solution of 2,3,5-trimethyl-4-hydroxybenzenethiol {3 g,
17.83 mmol ), isophytol (4.8 g, 16.19 mmol), anhydrons zinc
chleride (1.2 g, &8 mmel) and 0.2 mL of glacial acetic acid in 30
mL of absolute ether was refluxed tor 1 h. The solvent was then
removed in vacuc at 50° C and the red oil obtained was dissolved in
a mixture of 50 mL of pelrolevr ether and 20 mL of 70% aqueous

mwethanol.  The ether layer was dried (Na,SQ,) and evaporated in
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vacuo to give a red oil, which was purified by silica gel
chromatography eluting with hexans:ether (9:1) to pive 3g(38%) EZ,
RS, RS, RS-Phytylirimethylhydroxybenzenethiol as yellow oil. 'H
NMR (CDCL) §7.11 (s, 1 L, Ar-H), 5.23 (1, 1 H, vinylic-H), 4.62 (s, 1
H, OH). 3.34 (4, 2 H, Ar-8-CHy-}, 2.41 (5, 3 H, Ar-ClL), 2.19 (s, 3 H,
Ar-CH.), 2.18 (5, 3 H, ArCH,), 0.83-1.92 (m, 39 H, Phytol chain}.

A solution of phytylirimethylhydroxybenzenethiol (3g.
6.7 mmol) in N, N-dimethyl-formamide {80 mL} was treated with
methyl bromoacetate (7.4 g, 483 mmol} and an excess of powdered
NaOH 7 g, 175 mmol). The resulting pink oil was stirred at RT tor
24 h. The reaction mixtore was acidified with 5 N HCl and extracted
with ether (3 % 150 mL). The combined ether layers wore washed
wilh H.0 (3 x 150 mL) and brine (1 x 150 mL), and then dried
{Na;SC.). The cther solution was concentrated to a yellow oil that
was purified by silica gel chromatography eluting with 20% EiQAc in
hexane to give 3 g (88%) of EZ RS, RS, RS-
(phytyliimethylbenzenethiol-6-yloxylacetic acid as a yellow oil. ‘H
NMR {CDCL} S 1090 s, 1 H, COOM), 8.08 {5, | H, Ar-H), 530 (. 1
1, viaylic-H), 4.35 {s, 2 H, CH,COOH), 342 {d, 2 H, Ar-5-CH,-), 2.34
(s, 3 O, Ar-CHy), 2.25 (s, 3 B, Ar-CHy), 2.22 (s, 3 H, Ar-CHa), 0.83-
[.84 (m, 39 H, Phyiyl chain), HRMS (CL m/z); 3504.362821( M+H*,
Cate. for CyHOsS 504,363718).

(R3-2((2,5,7.8-tetramathyl-2-(3  propene methyl estey)

chraman-6-yloxyleceiic agid (28)

a. -
- ™
\l_(\ o 4./' 3 o)
&)
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To a slorry of (carbometihoxymeathyl)triphenyl
phosphonium  bromide (1.8 gm, 4.32 mmol) in 12 ml of THE at °C
was added 1.66 ml of n-Buli (2.5M in hexane} dropwise. The
resulitng  solution was removed to room  temperature  for 2h. and
then a soletton of (+)S-6-(dimethyl(1,1-dimethylethyl}silyl)-2,5,7,8-
tetramethyl chroman-2-carbaldhyde (1.31g, 3.76 mmel) in 7 ml THF
was added via cannula. The solution was stitred at room
temperatore for 4dhr and then 10 ml of IN aq. HCl was added. The
layer were separated and them ag. phase was extracted with ether (
3 X 15 ml). The combined orgamic layer were washed with brine,
dried over Na,50, and filtered, After concentration of the filtrate,
the crude alkene was puorified by flash chromatography eluting with
dichblorometbane to give mixture of the cis and trans alkene in 93%
vield. The gilyl ether mixtore of cis and trans alkene (3.76mmol)
was  dissolved in THF and ietra-n-butylammoniumflueoride
(0.041mele) was added. After being stirred at 23°C for [.5h, the
mixlure was poured into water and extracted into ether. The ether
extract was dried concentrated and purified by silica gel
clromatography eluting with EtQAc in hexane (3:7) and both the cis
and  trans  isomer of 2,5,7.8-tetramethyl-2ZR-(3 propenemethyl
ester)-G-chromanol were isolated and characterized (68% yield)
H-NMR (CDCI/TMS, ppm): [.55 (s, 3H, 2a CHj), 212 (m, 2H,
3CH,), 239 (s, 9H, CHy), 2.48 (m, 2H, 4 CHy), 378 (s, 3H, OCH;),
6.11 {d, 1H, CH=) and 7.13 {d, 13, CH=).

A solution of 2,5,7,8-tetramcthyl-2R-(3'propenc  methyl
ester}é-chromanal (0.353 g, 1.16 mmol) in N,N-dimethylformamide
(20 mL) was treated with methyl bromoacetate (3.4 g 83 mmol)
and an excess of powdered NaGH (1.2 g, 30 mmel). The resuliing

vellow slurey was sticred vigorously for 24 b at room temperature.

56
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The reaction was acidified with 5 N HC] and extracted with diethyl
ether (3 x 30 ml). The combined ether layers were washed with H,0
(3 x 30 ml) and brine (1 x 30 ml), and then dricd with Na,50, The
ether solution was concentrated to a yellow oil that was purified by
silica gel chromatography eluting with 19% {(v/v) EtOAc and 2%
acetic acid in hexapes. The resalting ligoid was dissolved in diethyl
ether (30 ml), washed witk ;0 (3 x 20 mL) and brine (1 x 20 mL),
and then dried with Na,50,. The resulting solution  was
concentraied and dried in vacue for 48 h. This yielded compound
28 in 4A0%yicld. "H-NMR (CDCL/TMS, ppm): 1.68 (5, 3H, 2a CHy),
2.11 ¢m, 2H, 3CH,}, 2.36 (s, 9H, CH,), 2.56 (m, 2H, 4 CH,). 1.70 (s.
3H, OCH;), 478 (s, 2H, OCH,), 6.03 (d.,1H, CH=} and 7.03 (d,1H,
CH=); MS (CI, m/z):337.24 M+H*, Cale, for CH.,0, 3363807 .

o

The mixture of cis and trans alkene 2,5,7,B-tetramethyl-
2R-{3 propene methylester)-n-chromancl was dissolved in 30 ml of
ethyl acetate and 50 mg of 5% palladium on carbon was added, and
the mixture was sheken under 40 psi of H, for 24 hrs and then
filtered throngh Celilte and rinsed well with ethyl acetate. The
filtrate was concentrated and purified by silica gel chromatography
cluting with BtOAc in hexane (1:9) to give compound # 29, 'H-NMR
(CDCI1,/TMS, ppm): 1.62 (s, 3H, 2a CH,), 2.0-2.3 (m, 68, CH,), 2.41
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(s, 9, CH.) 2.53 (m, 2H, 4 CH,), 3.67 (s, 313, OCH;) and 4,88 (s,
2H, OCH,); MS (CI, m/z3339.34 M+H*, Cale, for C His04;338.4025.

EXAMPLE 3
imethylhyd ‘ (a1
HO

|
- CrgHas
OH

The sgolution of srimethyibydroquinene (30, 7.5 g, 49.28
mmol}, isophytol {12 g, 4047 mmol), anhydrous zinc chloride (3 g,
22.01 mmol) and 0.4 mL of glacial acetic acid in 60 mL of absolute
ether was refluxed for | h. The solvent was ithen removed in vacuo
at 50" C and the slurry obtained was disselved mn a mixture of 50 mL
of petroleem  ether and 20 ml of 70% agucous methanal. The
emulsion formed was destroyed by the addition of 20 miL of ether.
The ether layer was dried (Na,50,) and cvaporated in vacuo ta give
a red solid paste that was tritnrated vigorously with 70 ml aof
petroleum  ether. After cooling to -78°C, the suspensioﬁ was
centrifuged and the supermatant pelroleum  ether  was decanted,
Cold petroleum  ether (10 mL) was added to the crystalline mass,
and the operation wuas twice repeated to give 10 g (47%) of sticky
white solid, which was vsed in the pext step without further

purification.
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ethylhvdroquitons.di 2

Ac

CigHaa
QAc

The crude phytyltrimethylhydrogoinone (31, 9 g, 20.1
mmol) was dissolved in dry [)}'l’l‘idi]'lﬂ {90 g) and acetic anhydride
(90 g3 Afier storage for 10 h at room temperature, the mixture
was powred onio ice (200 mLl) and extracted with ether (2 x
100mL). The ether solution was washed with 3N sulforde acid (2 x
100 mL), 10% sodiam bicarbonate solution (2 x 100mL), and again
water (2 x 100 mL), dried (Na,80,), and evaporated to yield 10.2g
(95%) of diacetate (32) as a light yellow oil. The oil was used in the

next step without further purification.

Trimethyl(3.7.11.15-tetramethyl-3-

Cra
Qac 4H
COCgH;

To a mixture of benzonitrile (10 g, %6.57 mmoi),
concentrated sultaric acid {10 g) and glacial acetic acid (40 ml} was
added, with stirring at 0° C, the diacetate (32, 10 g 19.43 mmol).
The solution was stored for 10 h at room (omperture, then poured
onto ice (150 mL) and exatracted with ether (3 x 100mL). The ether

exiracis were washed neutral with waler (3 x 100 mL), and
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saturated  sodinm  bicarbanate  solution, dried (Na;30,) and
evaporated  in  vacue. The crude product {21 g was
chromatographed on silica gel eluting with petroleum ether:ethar
(9:1). The vachanged benzonitrile was first removed. Blution with
ether then afforded 11 g {88%) of product that was crystallized
from petroleum ether to pive analyticai sample (33) m.p. 90-92°C
(lit.1 $4-95° C).

o
N7 HigHss

To a soltion of the diacetate (33, 13 g, 204 mmol) in
60 mL of methanol, solid potassinm bydroxide (11 g) was added and
the mixture was refluxed under argon for 45 min. After cooling, the
solution was diluted with ice-water (100 ml), and extracted under
carbon dioxide with ether (3 x 100 mL) yielding 10 g (88%) of crude
fiydoerquincne {34},

A solution of this product (34, 10 g 181 mmal} in
ahsolute ether (110 mL} was added dropwise with stirring during 20
min. to a suspension of lithivm aluminum hydride (20 g, 527 mmol}
in absoluic ether {110 mL) The mixtre was refluxed for 14 h and
then hydrolyzed under carbon dioxide by the dropwise addition of
methznol (10mL) followed by 3N hydrochloric acid (30 mLj. After
extraction with etber (3 x 200 mL), the crude sclid benzylamine

derivative {35, 8.4 g, 86%) was cbtained.
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This material {35, B4 g 156 nunol) was dissolved in
glacial acetc acid (120 mL) and hydrogepated at 50 © C and
atruospheric  pressure in the presence of 2 g of palladium on
charcoal (3%) at room temprature for 22 h {ar untl the hydrogen
absorption ceased).  After cooling, the catalyst was filtered off, and
the solution was diluted with water (50 mbL), extracted with ether (3
% 80 mL) and dried (Na,50,).

Ta this dry and neutral ether solution of 36 was added
fresh silver exide (2.1 g, 893 mmol), and the suspensien was
stirred lfor 14 h. After filtration under argon and evaporation, 4 g
of the crnde iminoguinone (37) was obtajned, which was
chromatographed on silica gel eluting with hexanos:ether (200:1) to
vield 2.4 g (63%) of purc yellow oil. HMRS (cl, m/z): 428.389883
(M + H*, Calc. For CpH,,NO 428.389241),

HO.
Gghyg

N
H

The imincquinone (37, 1.34 g, 3.133 mmol) in 10 mL orf
ether was bydorgenated at room temperature and atmospheric
pressure in the presence of 190 mg of Lindlar's catalyst. After 20 h,
the catalyst was filtered off under argor and the filtrate was
evaporated in vacue to give 810 mg {60%) of crude red oil, which

was used in the next step without further pruification.

61
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HOC MaQyC -
~ Crafag CigHay
&
i — A

A solution of l-Aza-a-tocopherol (38, 800 mg, 1.86

mmal) in DMF (30 ml) was treated with methyl bromoacctate (2.1
g, 134 mmel} and an cxcess of powdered NMaOH (1.9 g, 48.4 mmel).

The resulting vyeilow suspension was stizred vigorously for 24 h at
room temperature, The reaction mixture was acidified with SN HCL
to pHS, and extracted with diethyl ether {3 x 30 mL). The combined
ether layers were washed with water (3 x 40 mL), brine {1 x 40 mL),
and then dried (Na2S5C4). The ether solution was concemtrated to a
yellow oil that was purified by silica get chromatography eluting
with CH2CI2:MeOH Hae (97:2:1) to give 300 mg (33%) of sticky
yellow solid {39). 'H-NMR (CDCls, ppm) 4.30 (s, 2H, OCH;), 3.20
(s. 1H, NH), 2.59 (&, 2H, Ar-CHy), 2.18 (s, 3H, Ar-CHy), 2.12 (s, 3H,
Ar-CH,), 2.00 (s, 3H, Ar-CH,}, 1.80-0.84 {m, 38H, Ar-CH,CH,, NCCH,
and phytyl chain); BC-NMR (CDCl,, ppm): 12,01, 1277, 12.96,
19.60, 19.67, 19.72, 21.09, 22.60, 22.71, 24.42, 2479, 16.36,
27.95, 3213, 3274, 3726, 3737, 3742, 3753, 37465 3934,
41,36, 50.92, 69.50 (aliphitic <), 117.69, 118.55, 125.99, 126.39,
[38.07, 146.05 (ArC), 173.18 (COOH); (HRMS (CI.m/z):
488.411055 (M + H*, Calc for C,H;NO, 488.410370) and 150 mg
(17%)} of yellow oil {(40). 'H-NMR (CDCI/TMS, ppm} 4.31 (s, 2H,
0CH,), 3.85 (8, 3H, CO,CH,), 3.32 (S, 1H, NH), 2.61 (T. 2H, Ar-CH.},
2.23 (8, 3H, Ar-CH;), 2.17 (5, 3H, Ar-CHi), 2.00 (5, 3H, Ar-CHjy),
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1.81-0.86 (M. 28H, Ar-CH,CH,, NCCH3 and phytyl chain); “C-NMR
(CDCl;, ppm) 1196, 12,67, 12,90, 19.57, 19.63, 19.69, Z21.06,
21.95, 22.57, 22.68, 2438, 24.74, 2649, 2791, 32.25, 32.67,
32,70, 37.21, 37.33, 37.53, 39.31, 41.68, 50.43, i§1.87. 69.97,
(aliphitic C), 116.9%, 117.72, 126.01, 126.36, 138.43, 146.18 (Aryl
©), 169.83 (C=03; HRMS {(CI, m/z): 502.425330 (M + H*, Cale. for
C32H355N0O3  502.426020).

CigHas

Iy

CHy

Following the literature procedure 2, a mixture of
powdered KOH (500 mg, 7.77 mmol) in DMSO (30 mL) was stirred
at 0°C for 5 min. The methyl acetate (40, 1.3 g, 23.32 mmol) was
added, followed immediately by the addition of CH3[ (3.3 g, 23.32
mmel),  Stirring  was continved for 0.5 . h (0°C) after which the
mixture was poured into water. Extracts (CH2CI2, 3 x 40 mL) of the
final mixtare were combined, washed with water (40 mL), bring (40
mL}, dried (MgSO4} and then evaporated. The resolting yellow ail
was chromatographed owver silica gel eluting with 5% ETOAC in
hexame to give 810 mg (60%) of light yellow oil 'E-NMR
(CDCIJTMS, ppm) 4.34 (5, 2H, OCHy), 5.84 (s, 3H, COCH;), 2.55 (t,
2H, Ar-CHJ), 249 (s, 3H, NCH;), 2.24 (s, 3H, Ar-CHy), 2.20 (5, 3H,
Ar-CH.), 213 (s, 38, Ar-CHy), 1.82-0.82 (m, 38H, Ar-CH,CH,, NCCH,
and phytyl chain); "“C-NMR(CDCL, ppm) 11.72, 13,12, 14.27,19.55,
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19.68, 20.93, 22.57, 22.66, 22,88, 24,35, 2474, 2533, 2537,
27.90, 32.59, 3271, 37.23, 3733, 37.51. 37.63, 3849, 39.06,
39.29, 51.14, 69.57 (aliphiric C), 125.34, 126.36, 127.42, 130.32,
143.89, 150.33 (Ar-C), 169.73 (C=0), The compound 41 was esed

in the next step witheut further porification,

HOLC O o
16733
N

GHy

To the mixture of the ester (41, 740 mg, 14.34 mmol) in
ethancl (34 mlL) was added dropwise ZN NaOH (9 mL. 10eq. 14.34
mmol}. After surriang the light yeliow solition at room temperature
for 4b, the reaction mixture was acidified with 2N HCl w0 pHS, and
then extracted with EtOAc (3 x 100 mL) and the combined organic
layers were washed with water (2 x 100 mb), brine {1 x 100 mL),
dried (MgS804), and evaporated o give a light yellow cil, The pil
was chromatographed over silica gel eluting with 1% HQAc, 30%
EtQAc in hexans to give 650 mg {50%) of the product (42) as a
colorless oil.  T-NMR (CDCIL/TMS, ppm) 10.43 (3, 1H, CQO.H), 4.37
(s, 1H, OCif;), 2.51 (i, 2H, Ar-CH,), 2.43 (s, 3H, NCHy), 2.22 (Ar-
CH,). 2,12 (s, 3H, Ar-CH,), 1.81-0.80 (m, 38H, Ar-CH,CH, NCCH,
and phytyl chain); PC-NMR (CDCl,, ppm): 1L.77, 13.18, 14.28,
19.68, 19.73, 20.80, 2096, 22.62, 22.72, 23.00, 24.00, 24.41,
24,80, 25.37, 27.80, 32,77, 37.28, 37.30, 3774, 38.00, 39.00,
39,35, 54.69, 69.17 ({aliphitic ©), 125.11, 126.533, (27.20, 130.43,
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142.00, 14860 (Ar-C), 17362 (COOH); HRMS (CL m/z):
502.426327 (M + Hi, Calc. For CuHLNO; 502.426020).

N H
N 1eas

2,4-dinitrophenyloydrazine (195 g 9.82 mmol) was
disolved in 34 ml of hot absolute ethanol and 3.4 mL of
concentrated sulfuric acid was carefully added. The hot red
solution was couoled to room temperature and the iminoguinone
(37, 1.00 g 234 mmol) in 12 ml of absolute ethanol was added
with stirring. The mixiure was allowed to stand al room tempertare
for 70 h, then diluted with 120 mL of water and extracted with ether
(3 x 100 mL}. The combined ether exiracts were washed newtral
with water (68 x 100 mL), dried (NaS${,), and evaporaled in vacuo to
sive 2.9 g of a pactly crystalline dack violet mass. This product was
chromatographed over silica gel eluting with 5% cther in petreleum
ether to yield 1.35 g (95%) of violet crystals (43), mp. 72-73 <
(lit.! 73-75). HRMS (CF, m/zy:  608.417199 (M + H*, Cale. For
C35H53N504 608.417581),
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! = ! 0 i]][ﬂ ! I)I]dit]'m]‘

All test cell lines were cultored at 37°C in 3% COQy in
standard media supplemented  with fetal calf serum, wusing
esiablished standard conditions. Plastic adherent cefls were
disassociated with trypsin, washed, counted, and used dircetly in
cxperiments. All cells were examined  routinely  to verify no

mycoplasma contamination.

EXAMPIES

. Diludi ¢ Negel T ! 1 Tocotrienol
Compounds

All compounds were handied as if they were light
sensitive (photodegradable). All compounds were initially dissolved
in absolute  cthanol and  subsequently  diluted to a tinal

concentration of 0.3% othanoi with the appropriate media.

EXAMPLE 6

b - ¢ Effective C . (ECy Ind

Whereas the parsntal noa-structurally modified forms of
tocopherols do not exhibit effective apoptotic properties against a
battery of tumor cells, fifteen cut of twenty-ninge RRR-o-locopherol
compounds and two out of five 1-aza-o-tocopherol analogs,

structurally  modified via ether linked moicties of different
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compositioz  and size were extremely effective at inducing tumor
cells to underge apoptesis while having no apoptotic  induging
properties on normal cells. Compounds 1, 2, 3, 7. 8,9, 12, 15,
17, 1%, 20, 21, 22, 25, 26, 27, 39, and 42 exhibit effective
growih inhibitory (apoptetic  joducing) properties  specific  for
haman cancer cells from a wide variety of cell lineages, including (i)
breast {estrogen responsive Michigan Cancer Foundatiorn human
breast cancer cell line number 7, MCF-7 MeGoire; non-estrogen
responsive M.D. Anderson metastatic breast human cancer cell line,
MDA-MB-435; and, estrogen non-responsive M. - Anderson
metastatic  human breast cancer coll line, MDA-MB-231) (i)
prostate (androgen responsive human prostate cancer cell line,
LnCaF and the androgen non-responsive human prostate cancer cell
line, PC-3 and the DU-143 cell line); (iii} promyelocytic leukemia
cells (human Promyelocytic Lenkemia Cell Line, HL-603, lympheid
cell lines Turkat and HE-680; (iv) cervical (human corvical cancer ccll
line, ME-180); {v) ovarian (human ovarian cancer cell line, C-170
cellsy: (vi) endometrial (human eodometrial cancer cell line, RL-95-
2 cells); (vii) colon ccll lines DLD-1; and (viii) fung cell line A-545.
Normal primary breast celis (ncimal primary early passage human
mammary  epithelial  cells, HMEC) and immortalized, non-
tumorigenic mammary cells (Michigan Cancer Foundation
jimmortalized but nen-tumorigenic human mammary number 10A
cells, MCF-10A) do not undergo apoptosis when cultured with the
above phurmacodynamically designed forms of tocuphercl.

The effective therapeutic dose of navel reagents for
controlling cancer growth is referred to as the growth inhibitory
cencentration ([Cg) or effective concentration (ECy) tha-t biocks

50% cancer growth via DNA synthesis inhibition, ccll cycle blockage

67
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and/or cell. death. The apoptotic ECs for a battery of test cancer
cells for the twenty-minc novel RRR-o-tocopherol compounds and
two of the five l-aza-o-tocopherol analogues of this invention are

presented in Tables T and 2.
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Cells were cultured at 1.3 x 10% cells/well in 12 well
plates. Cells were allowed to adhere overnight, then incubated with
novel test compounds at 0.G1, 6.1, 1, 5, 10 & 20 pg/ml for L, 2 and
3 days. After treatmnent, cells {floating + trypsin released adherent
cells) were pelleted, washed and stained with 2 pg/ml DAPT (4°.6-
diamidine-2’-phenylindole  dihydrochloride} in 100% methapol for
15 minutes at 37°C and/or TUNEL stained, then viewed using a Zeiss
ICM 405 microscope. Cells whose nuclens contained clearly
condensed or fragmented chromatin  were scored as apoptotic.

Data are presented as percent cells undergeing apoptosis.

EXAMPLE 8

Bioassay for DNA synthesis accest

To assay DNA synthesis, all cells were used at 2.5 x
109 /ml. Cells were treated with each eof the compounds 1-29
{Tables 1 and 2) at concentrations of 001, 0.1, 1, 5, 10 and 20
pg/mL  and 200 pul of each (reatment group were plated in
quadruplicate in a 96 well cultore plate {(Corping, Corning NY).
Experiments were done in duplicate, one plate used for viabitity
testing and the other plate for examination of 3H-TdR uptake to
monitor DNA synthesis. Plates were cultured for 48 hours at 37°C,
5% CO2. Bight hours prior to the end of incubation, 39-TdR was
added to one of the duplicate plates and incubation continued for &

hkours. The cells were then harvested (trypsinization was required
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to harvest adherent cells), and isotope uplake was determined as
counts per minute (cpm). For viability studies, at the end of the
incubation, the cells were removed from the wells and viability
checked by the Trypan Blue Exclusion method, Percent viability and
percent DNA synthesis in comparison to unireated or vehicle

treated cells of cach treatmeni group wers caleulated.

EXAMFLE 9

Bioassay for Cell {Cyele Arrest

The cells were cultured with novel test agents for 2-3
days, fixed in 95% ethanol aand stalned with propidium iodide
avernight. DNA content was determined using a Coulter Epics Elite
Flow Cytometer with an argon laser setting of 488 nm. Cell size was
measured simultaneously, and data were analyzed as o percent

cells in each cell cycle phase wsing the Coulter Muiticycle Program,

EXAMPLE 10

Bi far _Cellular Diff I~

To determine if the novel compounds were indncing
cellular differentiation, the cells wers cultured on cover slips, fixed
in 95% ethanol and stained with a lipid specific stain for detection
of milk lipids. Additionally,  cells  were  examiped by
immunohistology and by Western apalyses for presence of milk

protein casein, using polyclonal antibodies produced in the lab.
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EXAMPLE 11

The cells were cultured for 48 hours, pulsed B hours
with tritiated thymidine, harvested and counted. Data are presented
as counts per munute.  Verification of DNA synthesis arrest is
determined by reduced tritiated thymidine uptake by cells treated
with test compounds. Further verification of DNA synthesis arrest is
determined by propidium iodide staining and standard cell cycle

analyses.

EXAMPLE 12

The mechanism  of induction of apoptosis by these
compounds appears to involve threc distinct apoptotic  signaling
pathways; namely, activation of latent transforming growth factor-
bete (TGE-B), activation of the Fas/Fas ligand signaling pathways,
and signaling by the stess kimase (c-Tun N-terminal  Kinase)
pathway.

TGF-Bs are potent growth inhibitory molecules that are
known to inhibit cell growth by inhibition of DNA synthesis - arrest
and by induction of apeptosis, TGF-s are involved only in
induction of the apoptotic pathway, ie, there is no evidence
curently that the TGF-Bs effect DNA synthesis arrest; however, this
possibility bas not been completely ruled out, TGE-Psare made and
secreted by cells in a latent nom-active ferm. To be effective as

tmmor pgrowth inhibitors, the lateat TGF-fs must be activated by
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induction of cell surface proteins that provide a proper structure
for processing and activating proteases that cut the latent protein
and release the active TGE-p.

The compounds of the present invention are shown to
activate protsases such as cathepsin D family proteases, and
upregulate the mannose-6-phosphate receptor which binds inactive
TGF-f and permits activation via proteases. Active TGF-B signals via
cell membrane TGOF-p receptors [ and II to activate down stream
kinases referred to as stress kinases or c-Jun N-terminal Kinases
{JNK) which phosphorylate and activate transcription factors c¢-Yun,
ATF-2 and Elk-1. Prolonged activation of transcription factor c-Jun
causes tumor cells to undergo apoptosis. These transcription
factors, acting as homodimers or heteredimers with a multitnde of
transcription factor partners activaic proapoptotic genes and/or
downregulate antiapoptotic genes leading to DMNA fragmentation.
The compounds of the present invention do not gencrate an anti-
prolifarative outcome to TGP-P signaling in normal non-tumor cells.

A second apoptofic inducing mechanism called the
Fas/Fas ligand apoptotic signaling pathway is activated by the novel
compounds of the present invention.  Activated Fas/Fas ligaad
signaling may lead to rapid cell death by apoptosis. Thus, for tumaor
cells to cscape death by Fas/Fas ligand, they must inactivate this
most important apoptotic pathway. The mechanism for inactivation
of the Fas/Fas [ligand signaling pathway by tomor cells varies:
however, many tumor cells down regulate the expression of Fas
receptor and Fas ligand on their membranes,

Most important, R,RR-2-{2,57 8-tewramethyl-2-14,8,12-
trimethyliridecyl)chroman-4-yloxylacetic acid (1) has been shown

to induce Fas/Fas ligand resigtapt tumor cells to become Fas/Fas
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ligand sensitive. Compound 1 also has the ability to enhance the
expression of Fas ligand on the membrane of LNCaP prostate cells,
Studies show fhat Fas signaling resisiant human breast cancer cells
vetain the Fas receptor in their cytoplasm, but when cultured with
compound 1, the Fas receptor is transported from the cytoplasm to
the membrane: fthereby rendering the cells Fas signaling sensitive,
Furthermore, this compound is synergistic in anti-Fas triggered
apaptosis in that greater amounts of cell killing is obtained with
both human breast and prostate cancer cells when co-treated versus
when treated separately.  The ability of compound 1 to convert Fas
stgnaling resistani tumor cells to Fas signaling sensitive tumor cells
and to exhibit synergisiic killing effects provides an extremely
important mechanism  for destruction of tumor cells both by the
host immune surveillepce sysiem as well as by pharmaceutical
intervention.  The compounds of rhe present invention do mnot
activate the Fas signaling pathway of normal non-tumer cells.

These compounds  activate the JNK kinasc signaling
pathway, perhaps by TGF-p and Fas/Fas ligand signaling. Prolonged
acirvation of JNK results in prolonged activation of ¢-Jun and ATF-2
transcription  factors, which are poswlated to play a rele in
cxprassion or repression of proapoptotic and antiapoptotic genes,

respectivaly.

EXAMPLE 13

; [ Inducti { DNA Svnthesi Cell Cyel
The mechapisms of growth inhibition by DNA synthesis

arrest, cell ¢yele arrest and by induction of cellular differentiation
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have not been characterized as fully as the mechanism of growth
inhibition by apoptosis, Siudies show that the compounds of the
present mvention have profound effects on the cell cycle, inducing
DNA synthesis arrest of approximately 95% of the tumer cells within
24 hours of ireatment, Tumor cells cuitured with the compounds
disclosed herein are growth inhibited in the G1 cell cycle phase,
undergo  morphologicul changes and  express milk  Jipids, an
indication  that the cell cycle blocked cells have vndergone
differentiation. P2[, a gene knpwn to be an inhibilor of enirance of
cells from the G1 cell cycle phase to the § phase of the cell cycle,
and the mRNA, as well as the protein of P21 gene, is up-regulatcd by
troatment  of MDA-MB-435 human breast cancer cells  with

compound 1.

EXAMPLE 14

The preseat invention has potential for use as
therapeutic agents. In vivo studies of tumor growth and metastasis
of haman tumor cells either ectopically or ortholopically
transplanted  into irupune  compromised animels, such as node
mice, or in vive studies employing well recognized animal models
are corducted. Inhibition of growth of human wmor cells
transplanted  inte immune compromised mice provides pre-clinical
data for clinical trials. In vivo studies include twe human tumor cell
models, the metastatic non-estrogen  responsive MDA-MB-433
breast cancer model, and the androgen non-responsive PC-3

prostate cancer model,
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Pathogen free MDA-MB-4335 humap breasi caocer cells
stably transfected with a marker protein (fluorescent green protein)
are grown as a solid tumor in immume compromised nude or SCID
mige. The tumors are removed, and 1 mm sections of equal size are
orthotopically transplanted ioto the mammary fat pad ot ectopically
transplanted into the hind flank of femals nnde mice. Tumor
growth, metastasis, and death of the animals are determined.
Tumor growth is measured by caliper. evalvations of tumor size. At
the fime of sacrifice, tumors are removed, measured for size, and
used for histochemical examination. OCrgans such as spleen, lymph
nodes, Tungs, and bone marrow, are oxamined for metastatic MDA-
MB-4335 cells by bhistochemical sizining of f(issue sections for

cxpression of the marker fluorescent green protein.

Pathogen free PC-3 human prostate cancer cells stably
transfected with a marker protein ({fluorcscent green protein) are
grown as a solid tumor in nude mice. The tumors are removed, and
[ mm sections of equal size are ectopically transplanted into the
hind flank of male nude mice. Tumor growth, metastasis, and death
of the animals are determined. At the time of sacrifice, wmors arc
removed, measured for size, and uwxed for histochemical
examination.  Organs such as spleen, lymph nodes, lungs, bone
marrow, are exarcined for metastatic PC-3 cells by histochemical
staining of tissues for expression of the marker floorescent green

protein.
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_Skin Cancer Animal Madel

Skin cancer is indnced in SENCAR and SKH-1 hairless
mice by ultraviolet irradiation and chemical (DMBA)} treatments. In
addition, mice specifically cxpressing the oncogene Her-2Zimen jn
gkin basal cclls that spontapeously develop skin capcer are used.
The compounds disclosed herein are topically applied to the skin
dajly, before and after skin cancer initiation, and development of
skin papilloma formation is assessed. Control mice are treated
identically except that they receive vehicle treatments tapically
applied 1o their skin. The officacy of thesc compounds in ireating
papilloma’s as well as their ability to affect malignant conversion

when supplicd prior to premalignant progression is monitored.

EXAMPLE 15

Supplementation with Novel Componnds

Prior to initiation of the in vive experiments, the
compounds of this invention that exhibit the greatest amount of
turor  cell killing are adminstered to nunde, SCID, transgene, and
other mice at varing levels to  establish  the highest level of
compound that can be administered safely without adverse effects,
The compounds are administered in a model-appropriate manner;
cg., orally, injections, including injections directly into the targec
organ, or topically. After establishing the highest Ievel of the
compounds  that can be tolerated and effective admiristration
routes, the novel compounds are administered to the mice oa a
daily basis, and tumor growth and progression is determined as

described above.
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EXAMFLE 16

Prior to conducting the preclinical chemotherapeutic
studies, compounnd 1 is assayed in nen-tumor Balb/c female mice in
an effort to establish the maximum tolerated dose. Compound 1 is
dissolved in 100% ethanal to establish a stock sofutinon (2 grams of
compound 1 in 5 mls of 100% ethanol) and diluted in peanué oil
(non vitammin E supplemented) to yeld 20, 10, and 5 mg/0.1 ml.
RRR-a-tocophero]l snceinate (VES; the suceinate moiety is attached
to RRR-c-tecopherol via an ester linkage) was solubilized and
diluted as described ahove to yield 20 mgf0.Iml/gavage, serving as
an additional control. A total of 30 Balb/c female mice were placed
mto 6 groups {5 mice/group) and supplemented by gavage with
compound 1 daily for a tofal of 23 days. Group 1 mice were non
treated and served as control; group 2 mice were the vehicle control
group and reccived 0.1ml of vehicle {ethanol + peanut oil equivalent
to treatment groups)/mouse/day for a total of 23 days, proup 3
mice received 20 mg/ml of VES daily f{or a total of 23 days.
Freatment groups 3, 4 and 5 were gavaged daily for 23 days with 5,
10, and 20 mgs of compound 1, Compopnd 1 at 5, i, and 20
wmglday, administered daily by gavage to mice tn groups 3, 4, and 5,
respectively, for 23 days is tolerated well by the mice. Weighis are
determined  weekly and there is no significant difference in the
weights of the mice receiving compound 1 at 5, 10, and 20 mg/day
when compared with the weights of the VES ireated, untreated and
vebicle treated coamtrol mice (Figure 8, data js for days 11 and 23

days treatmuent). Mice remained active and showed no signs of
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taxicity. At the completion of ithe MTD studies, mice were

sacrificed and no evidence of toxicity was observed upon autopsy.

EXAMPLE 17

The maximmm  tolerated  dose  studies  show  that
compound 1 adminisicred at the highest level {20 mg/day/23 days)
is not toXic; however, due to the non-toxic levels used, an maximum
tolerated dose was not established. For the preclinical
chemetherapeutic  studies, in the absence of an maximum tolerated
dose, the mice are supplemented with 30 and 20 mgs/0.1ml by
gavage daily for 21 days. Campound 1 iz dissolved in 100% ethanel
at 2 grams of compound 1/5mls of ethancl, and diluted in peanut
oil (nonsupplementsd vitamin E) to yield 30 and 20 mgs of
compound 1 per O.lml, Vehicle control consisted of a mixtore of
ethanol  and  pcanut oil  equivalents. The  preclinical
chemotherapeutic studies are conducted with compound 1, ntilizing
human MDA-MB-435 huwman bireast cancer cells, human DU-145
prostate camcer cells, and human HT-20 colon tumor cells
transplanted into Balb/c immune compromised nude mice.

A lotal of 40 immune compromised nude mice are
utilized for testing each test compeund (two treatment grovps at 20
and 30 mg/dayd in each tumor cell type. Four experimental
treatment groups of L0 mice each (vehicle/0.1ml/gavage daily for
21 days, compound T at 30 mgs of compound #1/0.1ml
pavage/daily for 21 days, and compound 1 at 20 mgsfof compound
1/0.1m] gavage daily for 21 days, for each tumor iype are used, An
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established dosage of effective chemotherapentic drugs are used in
the =xenograft studies. Taxol ai  20/meglkg, administered
intraperitioneally daily for 3 days, is used for a positive contral far
human MDA-MB-435 breast cancer xenografts; Mitoxantrone at 1
mg/kg, administered daily intravenously for 5 days, is used as the
positive control for human DU-145 prostate cancer cells; and 3
Floarouracil (5 FU) at 30 mpfkg, administered daily for 5 days, is
used for a positive control for human HT-29 colon cancer celis.
Tumor cells are transplanted subcutaneously inte the left flank and
permitted to grow to approximately 70 mg in size, test compound
treatments by daily gavage are initiated, and continue for a total of
21 days. Mice are monitored daily for tumor size by caliper
measurements. Mice are ireated for 21 days; however, the mice
are sacrificed when the tumors of the vehicle control reached 300
mg in weight. At the complation of the protocol. tomors are
excised and tumor sizc establishcd by weight. At the time of
sacrifice, serum, tumor, and heart muscle are iaken from animals in
the two compound 1 test proups in order to establish levels of
compound 1 via HPLC analyses (data not included). The
chemotherapentic  effectivensss of compound 1 administered daily
at 30 and 20 mgs/day is determined by comparing the tumor size of
the two treatment groups with the vehicle control group for each of
the three tamor types, and by comparing the size of the tumor in
the two treatment groups with the tumor group from the positive
contral, Treatment is for 21 days, expoeriments are continved uniil
mean weight of tumor for vehicle contrel reaches 500 mgs.

The in vive preclinical chemotherapentic data are
depicted in Tables 3 and 4 and Figure 9A-C and are presented far

21-22 days of treatmeni. Treatment of mude mice transplanted with
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human MDA-MB-435 breast cancer cells with compound 1 for 21
days at 20 and 30 mg/day by gavage reduced the mean tumor
weight {mg) of the transpianted tumor cells hy 207 and 44.6%,
respectively  when compared to the mean tumor weight of the
vehicle control group at day 21 after treatment. The positive
control, Taxol, reduces the mean tumor growth, when compared to
mean tmmor growth of vehicle control growp, by 90.3% (Table 3, 4
& Figure 9A). Data arc converted to percent mean tumor growth in
relation to weighi gain at the beginning of treatment (day 1) and are
depicted in Table 4. Treatment of nude mice transplanted with
human DU-145 prostate cancer cells with compound 1 for 21 days
at 20 and 30 mpg/day by gavage reduces the mean tumor weight
(mg) of the transplanted tumor <cells by 31.5 and 24.8%,
respectively, when compared to the mean tomor weight of the
yehicle control group at day 22 (Table 3, 4 & Figure 98). The
positive  control, mitoxantrone reduces the mean tumor growth,
when compared te mean tumor growth of vehicle control group, by
27.9%. Treatment of immupe compromised nude mice
transplanted  with huwman HT-29 human colon cancer cells with
compound 1 for 21 days at 20 and 30 mg/day by gavage reduces
the mean tumor weight (mg) of the wansplanted tumor cells by 33.3
and 345 %, respectively when compared to the mean tumor weight
of the vehicle control group at day 22 {(Table 3, 4 & Figure 9C). The
positive control, 3 Fluorouract], reduces ths mean tumor growth,
when compared to mean temor growth of vehicle contral group, by

31.4%.
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TABLE 3
- -435

Mice

Mean timor Weights (mg) Following Treatments
Treatments 1 s 14 i4 17 21
Vehicle 70.1 982 119.5 1532 172.8 2059 226.1
#1 (20 mg) 70.@ 85.8 123.9 127.9 147.2 143.8 1794
#1 (30 mg) 68.1 857 97.3 98.4 126.6 118.7 125.2
Taxol 70.7 T1.5 38.2 11.7 5.7 3.6 6.8

Mean tumor Weights (ng) Following Trcatments
Treatments 1 5 8 12 14 19 22
Vehicle 66.5 Ili.4 167.1 258.5 351.1 458.3 540.9
#1 {20 mg) 66.5 103.3 137.9 20% 254.8 362.2 3105
#1 (30 mg) 67.8 102.5 131.3 241.2 256.8 379.9 4a7
Mitoxantrone 66.8 107.2 141.1 1854 2052 325.3 389.4

Mean tumor Weights (mg) Following Treatments
Treatments 1 h & 12 3 19 ~22
Vehicle 80,3 B91.7 133.2 1¥5.6 204.8 260,1 3722
#1 {20 mg} 39.5 B4.0 97.0 124.6 147.3 198.0 248.2
#1 {30 mg) 40.0 8&3.0 96.7 128.3 144.1 176.1 243.8
5-FU 59.3 875 1058 1458 141.6 2123 2535
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Table 4;
Fercent mean tumor weight gain (mg) tollowing treatments
MDA-MB-435 Human Breast Cancer Cells
Percenl Mean tumor Weight Gain (mg) Following Treatments'
Treatments . 1 4 7 19 14 17 21

Vehicle 100 140.1 170.5 218.5 246.5 2%0.5 322.5
#1 (20 mgy 100 122.4 176.7 1825 210.6 205.1 255.9
#1 {30 mgy 100 125.8 142.9 1445 [85.9 174.3 178.6
Taxol 100 10i.1 -46.0 -337 -8L.§ -99.5 -80.3
PU-145 Human Prostate Cancer Cells

Percent Mean tumor Weight Gain (mg) Following Treatments
Treatmenis 1 3 8 12 13 19 22
Vehicle 100 167.5 251.3 35887 3528.0 458.3 689.2
#1 {20 mg) 100 13535.6 207.4 312.8 3832 362.2 544.7
#1 (30 mgy 100 151.2 193.7 3558 3788 379.9 560.3
Mitoxantrone 100 160.5 211.2 277.5 307.2 487.0 582.9
HT-29 Human Colon Cancer Cells

Percent Mean tumoer Weight Gain {mg) Following Trealments

Treatments 1 5 8 12 15 1% 22
Vehicle 100 1521 2209 307.8 339.0 431.3 617.2
#1 {20 mgy 100 141.2 163.0 209.4 247.6 3328 417.1
#1 (30 mg) 100 139.5 162.5 217.3 242.2 296.0 409.7
5-FU 100 1476 178.4 2459 2472 358.0 430.0

"Percent Mean Tumor Weight Gain (mg) following treaiment was determined

by dividing the mean tumor weight at various time perieds foilowing
weatment hy the mean tumer weight at day 1 wiihin the same treatment group
and multiplying by 100.
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EXAMPLE 18

I e * Synck Salnfi Vahicl e 1_1_Dilnti

Compound 1 was prepared weekly, and stored at 4°C.
The preparation procedures are as follows:

Stock Solition of Componnd 1:

Dissalve 2 grams of compound 1 in 5 mls of 100%
gthanol (ETOM) and vortex at 37°C. This is the maximum amount of
compound 1 that will go inte soluiion.

Far the following dilotiors, dry compound 1 is added to

yield the appropriaie levels of compound 1 while keeping the

ethanol levels equal in the two experimentzl growps and the vehicle-

control  group.
Componnd 1 at 30 mef/0.1ml gavage/mouse:
Combine 1 ml of compound ¥ stock solution, 3
mly of vitamin E depleted peanut oil and 800 mg of compound #1
{dry) and vortex at 37°C.
Compound 1 at 20 mg/01m] pavage/monse;

Combine 1 ml of compound 1 stock solution, 3 mls of
vitamin E depleted peanut oil and 400 mg of compound #1 (dry)
and vortex at 37°C approximate 2 h until in solotion.

Componnd 1 at 10 mg/0.Iml gavage/monse:

Combine 1 ml of compound 1 stock solution aund 3 mls

of vitamin E depleted peanut oil.
Yehicle:
Combine 1 ml ETOH 3 mls of vitamin E depleted peanut

oil.
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EXAMPLE 19

Cy . onart ; 11 1
madel.

Compound 1 is used in vivo to treat transplanted human
breast, prostate, and colon ftumors transplanted in immune
compromised nuode mice. The chemopreventive cffcctiveness of
compound 1 in vivo against human hreast cancer is shown in an
estrogen  cancer  initiated ACI rat  breast  cancer model.
Approximately 90% of rats implanted with estrogen pellets develop

breast cancer within 6 months after estrogen implantation.

Compound 1 is dissolved in 100% ethanol and is diluted

to the appropriate dosage using vitamin Edepleted peanut oil. The
maximum tolerated dose (MTD, maximum dose of compound that
can be administered without adverse affects) is determined as
described in Examples 14 and 15. Compound I is adminisiered at
the maximum tolerated dose and 50% of the maximum tolerated
dase. ACI rats at 4 weeks of age arc subpannicularly implanted with
estrogen pellets in the shoulder region. Compovnd 1 at maximum
tolerated  dese and 50% of the maximum tolerated dose is
administered by gavage Breast tumors are detected ih the control
group at approximately 100 days following estrogen implantation.
Ninety percent of the control rats develop breast cancer within 6
pionths after estrogen implantation. Tumor bearing animals from
control and (reatment groups are sacrificed at various time intervals
after treatment initiation, and mammary tissne is examined for

obvious tumors, and further examined by histological analyses.
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The follawing references are cited herein.

1. Colowisk, Sidnsy, P. and Kaplan, MNathan, O.
Methods in Enzymology, Vol. XVIU, Vitamins and Coenzymes, Part C.
Edited by Donald B. McCormick and Lemuel IF¥. Wright. Section XTI,
PR, 335,

2.  Dhar, A, Lin, 8., Klucik, 1., Berlin, KD., Madler,
MM., ILu, 5., Ivey, RT. Zacheis, D., Brwon, CW. Nelson, EC,
Birchbichler, FP.J.,, Benbrook, D.M. Synthesis, Structure-Activity
Relalionships, and RARy-Ligand  Iateractions of Nitrogen
Hetercarotinoids, J. Med, Chem. 42, pp. 3602-3614 (1999).

Any patents or publications meniioned in  this
specification are indicative of the levels of those skilled in the art to
which the invention pertains. Furthor, these patents and
publications are incorparated by refercnce herein to the same
extent as if each individual publication was specifically and
individually indicated to be incorporated by reference.

One skilled in the art will readily appreciate that the
present invention is well adapted to carry out the objects and obtain
the ecnds and advantages wmentioned, as well as those inherent
therein. The present examples along wilh the methods, procedures,
treatments, molecules, and specific compounds described herein
arg  presently  representative  of  preferred  embodiments,  are
exemplary, and are noi intended a$ limitations on the scope of the
invention. Changes thersin and other uses will occur to those
skilled in the art which are encompassed within the spirit of the

invention as defined by the scope of the claims.
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WHAT IS CLAIMED IS:

1. A compound having a structural formula

wherein X is selected from the group censisting of
oxygen, nitregen and sulfur;

Y is selected from the group consisting of oxyges,
nitrogen znd sulfur wherein when Y is oxygen or nitrogen, n is 1 and
when Y s sulfur, nis 0;

E' is selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, heteroaryl, carboxylic acid, earboxylate, carhoxamide,
ester, thioamide, thiolacid, thiolester, saccharide, alkoxy-linked
saccharide, amine, sulfonate, sulfate, phosphate, alcohol, ethers and
nitriles;

R? is selected from the group conmsisting of hydrogen,
meihyl, benzyl carbaxylic  acid, benzyl carboxylate, benzyl
carboxamide, benzylester, saccharide and amine;

R? is selected from the group consisting of hydrogen,
methyl, benzyl carboxylic acid, benzyl carboxylate, benzyl
carboxamide, benzylester, saccharide and amine;

R* 18 selected from the group coasisting of methyl,
benzyl carboxylic acid, benzyl carbozylate, benzyl carboxamide,
benzylester, saccharide and amine; and

R* is selected from the group consisting of alkyl, alkenyl,

alkynyl, aryl, heteroaryl, carbaxyl. amide and ester:
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wherein when Yis nitrogen, said nitrogen is substituted
with R? wherein RS is sclected from the group consisting of
bydrogen and methyl

wherein when X is oxygen and Yis oxygen, R? is methyl,

R? is methy], R* is methyl and R® is phyiyl, R' is not butyric acid,

2.  The coropound of claim 1, wherein said compound
is selected from the group conmsisting of 2,5,7,8-tetramethyi-(2R-
{4R. 3R, 12-trimethyltrideeyl)chroman-6-yloxy)acetic  acid, 2,5,7.8-
tetramethyl-(2R-(4R,8R,12-trimethyltridecyl)chroman-&-yloxy)
propionic acid, 2,5,7,8-tetramethyl-2R-(4R,8R, 12- trimethyl
tridecylychroman-6-yloxy) valeric acid, 2,5.7,8-fetramethyi-2R-
(4R, 8R.12-rimethyltridecyl)chroman-f-yloxy) hexanoic acid,
2.5,7.8-tetramethyl-2R-(4R,8R,12-trimethyl tridecyl)ehroman-6-
yloxy) actanvic acid, 2.5 B-trimethyl-(2R-(4R,RR,12-
trimethyliridecyl)chroman-6-yloxy)acetic  acid, 2,7,8-trimethyl-(2R-
{4R,8R, 12-trimethyltridecylchroman-6-yloxy) acetic  acid,  2.,8-
dimethyl-(ZR-(4R SR, 12-trimethyliridecyl) chroman-6-yloxy) acetic
acid, 2,5,7.8-tetramethyl-2R-(4R,8R,12-trimethyltridecyl}chroman-
6-yloxy)  aceiamide, methy 12,5,7,8-tetramethyl-2R-(4R,8R,12-
trimethyltridecyl) chroman-6-yloxy) acetale, 2-(N,N-
{carboxymethyl)-2(2,5,7,8-tetramethyl-(2R-(4R,8R,12-trimethyl
tridecyl) chromap-G6-yloxy) acetic acid, 2-{2,5,7,8-tetramethyl-{2R-
{4R,8R,12-trimethyltridecyl)chroman-§-yloxy)}ethan-1-ol, 2-
{2,5,7,8-peatamethylchroman-6-yloxy)acetic acid, 2,5,7,8-
tetcamethyl-(2R8-(4R§,8RS8, 1 2-trimethyltridecylichroman-6-yloxy)

acetic acid, 2,5,7,8-tetramethyl-(ZR~(carboxy)chroman-6-
yloxy))acetic acid, 2,5,7,8-tetramethyl-2R-(2R$,6RS,10-
59
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trimethylundecylichroman-6-yloxy)acetic acid, 2,5,7.8,-

tetramethyl-2R-{2,6,10-trimethyi-1,3,5,9 EZ decatetraen)chroman-
4-yloxylacetic acid, 3-{2,5,7,8-tctramethyl-(2R-(4R ,8,12-
trimethyliridecylichroman-6-ylotyipropyl-l-ammonium chloride,
2,5,7,8-tetramethyl-(2R-(41,8R, 1 2-trimethyltridecyl)chroman-3-ene
-6-yloxy) acetic acid, 6-(2,5,7,8-tetramethyl-(ZR-(4R,8,12-
trimethyltridecyl)chromanjacetic acid, 2,5,7,8,-tetramcthyl-{2R-
(heptadecyl)chroman-6-yloxy) acetic acid 2,3,7,8-tetramethyl-(2R-
(heptyl)chroman-6-yloxy)acetic acid, 2,5,7.,8,-tetramethyl-(2R-
(tridecyl)chroman-6-yloxy) acetic acid, 2.5,7,8.-tetramethyl-{2R-
(heptadecyl)chroman-6-yloxy) acetic acid, 2,5,7,8,-tetramethyl-2R-
(4,8,-dimethyl-1,3,7 FEZ nonotrien)cbroman-6-yloxy) acetic acid,
E,Z,RS,RS-(phytylirimethylbenzenethiol-6-yloxylacetic acid, (R)-
2¢(2,5,7,8-tetramethyl-2-(3 propene methyl  ester)chroman-6-
yloxydacetic acid, 2,5,7.8-tetramethyl-{2R-(propionaie}chroman-6-
vloxyacetic acid, l-aza-a-tocopherol-6-yloxyl-acetic acid, Il-aza-a-
tocopherol-G-yloxyl-methyl acetate, 1-aza-N-methyl-a-tocopherol-6-
yloxyl-methyl acetate, 1-aza-N-methyl-a-tocopherol-§-yloxyl-acetic
acid, and 6-(2,4-Dinitrophenylaze(2,5,7,8-tetramethyl-2-(4,8,12-
trimethyltrideeyl}-1,2,3,4-tetrahydroguinaline.

3. A method for the treatment of a cell proliferative
disease comprising administering to an animal a pharmacclogically
effective dose of a compound having a structural formula

H-‘&

RS Y- fCHeln
1 R:
AL n
™

HE
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wherein. X is selected from the group consisting of
oxygen, nitrogen and sulfur;

Y is selected from the group consisiing of oxygea,
pitrogen and sulfur wherein when Y is oxygen or nitrogen, n is 1 and
when Y is solfur, n is O;

R' is selected from the group consisting of alkyl, alkenyl.
alkynyl, aryl, heteroaryl, carboxylic acid, carboxylate, carboxamide,
egter, thinamnide, thiolacid, thinlester, saccharide, alkoxy-linked
sacchanide, amine, sulfonate, sulfate, phosphate, alcohol, ethers and
nifriles;

R? ig selected from the group coasisting of hydrogen,
methyl, benzyl carboxylic acid, benzyl carboxylate, benzyl
carboxamide, benzylester, saccharide and amine;

R? is selected from the group consisting of hydrogen,
methyl, hbenzyl carboxylic  acid, benzyl carboxylate, benzyl
carboxamide, benzylester, saccharide and amine;

R* is seleeted from the group consisting of methyl,
benzyl carboxylic acid, benzyl carboxylate, benzyl carboxamide,
benzylester, saccharide and amine; and

B3 is selecled from the group consisting of alkyl, alkenyl,
alkynyl, aryl, heteroaryl, carboxyl, amide and ester;

wherein when Y is niirogen, said nitrogen is substituted
with RS wherein RS is selected from the group consisting of

hydrogen and methyl.

4 The method of claim 3, wherein said compound is
selected from the group comsisting of 2,5.7,8-tetramethyl-(ZR-
(4R,BR,12-trimethyltridecyl)chroman-6-yloxy)acetic  acid, 2,5,7.8-
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tetramethyl-(2R~(4R,8R,12-trimethyltridocyl)chroman-6-yloxy)
propionic acid, 2,5,7.8-tetramethyl-(2R- (4B 8R, 12-
trimethyltridecyl)  chroman-8-yloxyibutyric  acid, 2,5.8-trimethy]-
(2R-(4R,8R,12-trimethyltridecyl)chroman-6-yloxy)acetic acid, 2,7,8-
trimethyl-(2R-{4R,8R,12-trimethyltridecyl)chroman-6-yloxy)  acetic
acid,  2,8-dimethyl-(2R-{4R,8R,12 trimethyliridecyl) chreman-6-
yloxy) acetic acid, 2-(N,N-{carboxymethyl}-2(2,3,7,8-tetramethyl-
{2R-{4R,8R,12-trimethyltridecyl)  chroman-6-yloxy)  acetic acid,
2,5,7,8-tetramethyl- (2RS-(4R $,8RS, 1 2-trimethyl tridecyl)ehroman-
G-yloxy)acetic acid, 2,5,7,8-tetramethyl-2R-(2RS,6R5,10-
trimethylundecyl)chroman-6-yloxy)acetic acid, 3-(2,5,7.8-
tetramothyl-(2R-(4R,8,12-trimethyitridecyl}chroman-6-
yloxyipropyl-1-amunoenium chloride, 2,5,7,8-tetramethyl-(2R-
{41.8R,12-trimethyltridecyl)chroman-3-ene-6-yloxy) acetic acid, 2-
(2,5,7,8-tetramethyl-(2R-(4R,8,12-trimethyltridecyl) chroman-6-
vloxy)triethylammenium sulfate, 6-(2,5,7,8-tetramethyl-(2R-
{4R.8,12-trimethyltridecyl)ehroman)acetic acid, 2,5,7.8,-
tetramethyl-{2R-~(heptadecyl)chreman-6-yloxy) acetic acid, 2,5,7,8,-
tetramethyl-2R-~(4.8,-dimethyl-1,3,7 EZ nonotrien)chroman-6-
vloxy}  acetic acid, E,Z,RS,RS-(phytyltrimethylbenzenethiol-6-
yloxy)acetic acid, 1-aza-w-tocopherol-6-yloxyl-acetic acid, and 1-

aza-N-methyl-o-tocopherol-6-yloxyl- acetic acid.

5.  The method of claim 3, wherein said compound
exhibits ap  anti-proliferative  effect comprising apoptosis, DMNA

synthesis arrest, cell cycle arrest, or cellnlar differentiation.
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6. The method of ¢laim 3, wherein said animal jis a
human.
7. The method of claim 3, wherein said composition

is administered in a dose of from about 1 mg/kg o about 60 mglkg.

8. The method of claim 3, wherein administration of
said composition is selected from the group comsisting of oral,
tapical, tntracenlar, intranasal, parenteral, intravenous,

intramuscular, or subcutzmeocus.

g. The method of claim 3, wherein said cell
proliferative disease is selecied from the group consisting of

neoplastic diseascs and non-peoplastic disorders.

19, The method of claim 9, whersin said neoplastic
discase is selected from the group consisting of ovarian cancer,
cervical cancer. endomeirial cancer, bladder camcer, lung cancer,
breast cancer, testicular cancer, prostate  cancer, gliomas,
fibrosarcomas, reiinoblastomas, melanomas, soft tissue sarcomas,
ostersarcomas, leukemias, colpn cancer, carcinoma of the kidney,
pancrealic  ¢ancer, basal cell carcinoma, and sqguamous cell

carcinoma.
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1i. The method of claim 9, wherein said non-
neoplastic disease is selected from the group consisting of psoriasis,
benign proliferative skin diseases, ichthyosis, papilloma, restinosis.,

scleroderma, hemapgicma, viral diseases, and autoimmune diseases.

12. The method of claim 11, wherein said autoimmuns
diseascs are selected from the group consisting of autoiminune
thyraiditis, multiple sclerosiy, myasthenia gravis, systemic lupus
erythematosus,  dermatitis  herpetiformis, celiac  disease, and

vheematoid arthritis,

13. The method of ¢laim 9, whercin said non-
neoplastic disorders are selected from the grovp consisting of viral

disorders and autoimmune disorders.

14, The method of clsim 13, wherein said viral

disorder is Human Immunodeficiency Virns.

13. The method of claim 13, wherein said avtoimmune
disorders  are selected from the group consisting of the
inflammatory process involved in cardiovascular plague formation,
aliraviolet radiation induced skin damage and disorders involviog

an immune component.
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L6. A phanmaceutical composition, comprsing the

compound of claim 3 and a pharmaceutically acceptable carrier.

17. The pharmaceutical composition of claim 16,
wherein said compound is selected from the group consisting of
2,5,7,8-tetramethyl-(2R-(4R,8R,12-trimethyliridecyl}chroman-6-
yloxy)acetic acid, 2,5,7,8-tetramethyl-(2R-{4R,8R,12-
trimethyltridecyl)chroman-6-yloxy)propionia acid, 2,5,7.8-
tetramethyl-(2R-(4R.8R, 1 2-trimethyltridecyl) chroman-6-yloxy)
butyric acid, 2,5,8-trimethyl-(2R-(4R.8R,12-trimethyl
tridecylichroman-6-yloxylacetic acid, 2,7,8-trimethyl-(2R-
{4R.BR,12-trimethyltridecyl)cheoman-6-yloxy)acetic acid, 2,8-
dimethyl-(ZR-(4R 3R, 1 2-trimethyltridecyl) chroman-6-vloxy) acetic
acid, 2-{N,N-(carboxymethyl}-2{2,5,7,8-tetramethyl-(2R-(4F,8R,12-
irimethyltridecyl) chroman-6-yloxy) acetic acid, 2,5,1,8-
tetramethyl-(2R8-(4R5, 8RS8, 12-irimethyltridecyl)chroman-6-yloxy)

acetic acid, 2,57, 8-tetramethyl-2R-(2RS,6R5,10-
trimethylundecyl)chroman-6-yloxy)acetic acid, 3-(2,53,7.8-
tetramethyl-(ZR-{4R, 8, 12- trimethylirideeyl) chroman-6-
ylaxy)propyl-1-ammonium chloride, 2,5,7,B-tetramethyl-(2R-
(4r,8R,12-trinnethyltridecyl)chroman-3-ene-G-yloxy) acetic acid, 2-
(2,5,7.8-tetramethyl-(2R-(4R,8,12-trimethyltridecyl) chroman-6-
vloxyitriethylammonium sulfate, 6-(2,5,7.8-tetramethyl-(2R-

(4R,8,12-trimethyltridecyl) chroman)acetic acid, 2.5,7.8,-
tetramethyl-(2R.-(heptadecyl)chroman-6-yloxy) acetic acid, 2,5,7.8,-
tetramethyl-2R-(4,8,-dimethyl-1,3,7 EZ saonetrien)chroman-6-
v1oxy) acetic acid, E.Z,R8,RS-(phytylirimethylbenzenethiol-6-
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yloxy)acetic acid, 1-arza-e-tocopherol-6-ytaxyl-acetic acid, and 1-

aza-N-melhyl-w-tocopherol-6-yloxyl- acetic acid,

18. A method of inducing apoptosis of a cell,
comprising the step of comtacting said cell with a pharmacologically

effective dose of a compound having a structural formula

whercin X is selecled from the group consisting of
oxygen, nitrogen and sulfur,

¥ is selected from the pgroup consisting of oxygen,
nitrogen and sulfur wherein when Y is oxygen or nirragen, n is 1 and
when Y is sulfir, n is O;

R' is sclected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, heteroaryl, carboxylic acid, carboxylate, carboxamide,
ester, thioamide, thiolacid, thialester, saccharide, alkoxy-linked
saccharide, amine, sulfonate, sulfate, phosphate, alcohol, ethers and
nitriles;

? is selected from the group consisting of hydrogen,
methyl, benzyl carboxylic acid, benzyl carboxylate, benzyl
carboxamide, benzylester, saccharide and amine;

RY is selected from the group consisting of hydrogen,
methyl, benzyl carboxylic acid, benzyl carboxylate, benzyl

carboxamide, benzylester, saccharide and amine;
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R* is selected from the group consisting of methyl,
benzyl carboxylic acid, bhenzyl carboxylate, benzyl carboxamide,
henzylester, saccharide and amine; and

RS is selected from the group consisting of alkyl, alkeny],
alkynyl, aryl, heteroaryl, carboxyl, amide and ester;

wherein when Yis nitrogen, said nitrogen iz substitured
with RS, wherein R® is selected from the group consisting of

hydrogen and methyl.

19, The method of claim 18, wherein said compound is
selected from the group comsisting of 2,5,7,8-tetramethyl-(2R-
(4R, 8R, 12-trimethyliridecyl)chroman-6-yloxy)acetic  acid, 2,5.7.8-
teiramethyl-(2R-(4R,8R,12-trimethyliridecyl)chroman-6-yloxy)
propionic acid, 2,3,7,8-tetramethyl-(2R-(4R,8R,12-
irimethyliridecyl) chroman-6-yloxy)butyric  acid, 2,5,8-trimethyl-
{2R~(4R,8R,12-trimethyltridecyl)chroman-6-yloxy)acetic acid, 2,7,8-
trimethyl-(2R-(4R,8R.12-trimethyltridecyl}chroman-6-yloxy)  acetic
acid,  2,B-dimethyl-(2R-(4R,8R,12-trimethyltridecyl) chroman-6-
yloxy) acetic acid, 2-(N,N-(carboxymethyl)-2(2,5,7,8-tetramethyl-
(2R-(4R,8R,12-trimethyltridecyl)  chroman-G-yloxy)  acetic acid,
2,3,7.8-teiramethyl-(2RS-(4RS,8RS.12-trimethyitridecyl)chroman- 6-
yloxy)acatic acid, 2,5,7,B-tetramethyl-2R-(2RS,6R5,10-
trimethylundecyl)chmman-ﬁ-yloxy)acetic‘ acid, 3-(2,5,7,8-
tetramethyl-(2R-{4R,8,12-trimethyltridecyl)chroman-6-
vlexy)propyl-1-ammonivm chloride, 2,5,7.8-tetramethyl- (2R-
(41,8R,12-trimethyltridecyl)chroman-3-ene-6-yloxy) acetic acid, 2-

(2.5,7.5-tetramethyl-(2R-(4R 8,1 2-trimethyltridecyl) chroman-6-
yloxyltriethylammeniom sulfate, 6-(2,5,7,8-tetramethyl-(2R-
a7
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(4R,8,12-trimethyltridecyl)chroman)acetic acid, 2,57.8,-
tetramethyl-{2R-(heptadecyl)chroman-6-yloxy) acetic acid, 2,5,7,8,-
tetramethyl-2R-(4,8,-dimethyl-1,3,7 EZ  nonotrien)chroman-6-
vloxy) acetic acid, B, Z,RS R3-(phytyltrimethylbenzenethiol-6-
yloxy)acetic acid, 1-aza-m-tocopherol-6-yloxyl-acetic aeid, and 1-

aza-N-methyl-o-tocopherol-6-yloxyl- acetic acid.

20. The method of claim 18, wherein said method is

useful in the treatment of a cell proliferative disease.
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WU 01/55849 POT/USULN4 TR
Hd
Al GHs
RL. Re
H2
Compound Rl R2 R3 P{4 R5

1 CH,COH CHy CHy CHy; phytyl
2 {CHy ) pC05H CH, CHy CH; phytyl
3 {CHgy } 3C0E CHy CH, CHy phytyl
4 {CHy ) 4000 CH; CH, CHy  phytyl
5 {CHy ) 5C0,H CHy CH; CHy  phytyl
& {(CHy)COzH CHqy CH; CHy;  phytyl
7 CH,00oH CHy CH; phytyl
3 CH,CO,H CH; CHy  phytyl
9 CH,CO,H H CHy phytyl
10 CH;CONHj CH, CH, cHy phytyl
11 O, CO4CH; CHy CHj CH; phytyl
12 CH,CON{CH,COZH},  CHy CH; CH;  phytyl
13 CH, CH,OH CHy CHy CH; phytyl
12 CH,CO.E CHjy CH, CHy Oy
15 RS CHCO,H CHy CHz CH; phytyl

FIG. 2-1
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Commound Rl B R3 R4 R5
1§ CH,CO0,H CHy CH; CH; COoH
17 R/RS CHyCO,H CH, CH, ¢H, phytyl
18 CH,C05H CHj CHy CHy isoprenyl
19 NH,Cl CHy CH; CHy phytyl
20 CH, CO,H CHy CHy CH, phytyl
21 DSO,NHEL 5 CH; CH, CHy phytyl
22 CH,C0,H CHy CHy CH; phytyl
23 CH,CO,H CHz CH, CH;  phytyl
24 CH,C0H CH; CHy CH; phytyl
25 CH,COH CH; CH3 CH; phytyl
26 CH,CO,H CH, CHy CHy other
27 CHACO,H CH, CH; CH;  other
2 CHyCOH CHy CH5 CHy ester
25 CH,C0,H CHy CHy CH; ester

Phytyl = #iy/\M/Lw/\M/AM/NM/L\

FI1G. 2-2
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