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The effect* of allylic substituent* on the regiochemUtxy of monohydrolytU of tetraJin-type quinone biaketals 
12 have been studied The requisite bisketais were prepared by anodic oxidation of the corresponding 1-aubatituted 
5,8-dimethoxytetraIin. Product studies establish that hydroxyl and ether functions at the allylic position 
preferentially afford quinone monoketals of type IS wherein the ketal function nearest to the allylic substituent 
is hydrolyzed. The fluoro Bystem abo preferentially forms the monoketal 13 (R * F). A series of alkyl substituents 
were also studied, and increasing the size of the group led to increasing regioselectivity in favor of 13. Only the 
Au -unsaturated systems 12j,k preferentially gave monoketals in which the more distant ketal function had 
hydrolyzed. Kinetic studies established at least two major factors in the regiochemtstry of the bisketal hydrolysis. 
White both the oxygenated and alkylated substituents gave monoketals 13 in which hydrolysis had selectively 
occurred at the nearer ketal function, the origins of the observed regioselectivity are different. Oxygenated systems 
gave the observed regiochemistry due to a rate retardation of the hydrolysis of the more distant ketal by what 
is proposed to be an inductive effect. However, alkyl substituents exerted their effect by increasing the rate 
of hydrolysis of the nearer ketal function due to a relief of strain energy.

Q uinone m onoketals serve as valuable regioepecific 
quinone equivalents in organic synthesis.1 In  ad d itio n  to  
th e  regiochemical contro l possible in  M ichael1' 4 ty p e  re 
actions with quinone monoketals, reactions of nucleophiles 
w ith monoketals may take a  different course than th e  sam e 
reaction with a  quinone. A  recent review1 has sum m arized 
the  reactions of quinone m onoketals, and the m oat recen t 
applications have employed these moieties in the synthesis 
o f anthracyclinones,3 indoles,4 and  isoindoles.5

T h e  m ost generally usefu l routes to  the qu inone m o
noketal are  th e  chemical6 [thaliium (IU ) salts7 o r  2,3-di- 
chloro-5,6-dicyano-l,4-benzoquinonea] or electrochem ical 
oxidation of p-methoxyphenols,®" the  electrochemical ox
idation of trimethylsilyl ethers o f p-methoxyphenols,96 and

1 _3 T 3
o x id a tio n  R -̂s ^^ n̂ R 2

Rd L - j ? t . R» C M jO H  R2 ' ® X " R 11 2JH*
O C H . (O C H j ) j  O C H j

I, R = H o r  (C H jIjS i  2 3

th e  anodic oxidation of m ethoxylated aromatics followed 
by mild acid hydrolysis.10 All o f these routes are sub jec t 
to regiochemical constra in ts since the  former tw o requ ire  
th e  appropria te  p-m ethoxyphenoi and the  la tte r  ro u te  is 
d ependen t on the  regiochem istry o f hydrolysis o f  th e  
quinone bisketal. In  fact, qu inone bisketais unsym m e-

(1) Swenton, J . S. Acc. Chem. R et. 1983,16,74. P upU ,S . YukiG oeei 
Kogaku Kyokaishi 1981, 307.

(2) Parker, K. A.; Kang, S. J . Org. Chem. 1980. 45,1218.
{3} fa) Swenton, J. S.; Freakoa, J . N.; Morrow, G. W.; Sercel. A. W. 

Tetrahedron  1984, 40, 4625. (b) Chenard, B. L.; Anderson. D. K.; 
Swenton. J . S. J . Chem. Soc., Chem. Commun. 1980,932. (c) Dolaon, M.
G.; Chenard, B. L ; Swenton, J. S. J. Am. Chem. Soc. 1981,103. 5263. (d) 
Chenard, B. L.; Do Ison, M. G.; Sercel, A. D-; Swenton, J. S. J. Org. Chem. 
1984, 49, 318. (e) Keay. B. A.; Rodrigo, R. Tetrahedron 1984, 40, 4597. 
(f) Russell, R. A.; Warrener, R. N. J . Chem. Soc., Chem. Commun. 1980, 
932.

(4) Coatee, R. M.; MacManus, P. A. J . Org. Chem. 1982, 47, 4823.
(5) Parker, K. A.; Cohen, 1. D. Tetrahedron Lett. 1984. 25. 4917.
16) For complete referencing on the chemical oxidation of arom atics

to  quinone monoketals, see ref 1 and 10-
(7) McKillop, A.; Perry, D. H.; Edwards, D. H.; Antus, S ; D arkas, L.; 

Nogradi, M.; Taylor, E. C. J . Org. Chem. 1978, 41, 282.
(8) BOchi, G.; Chu, P.; H oppm ann, A.; Mali. C.; Pearce, A. J . Org. 

Chem. 1978, 43, 3983.
(9) (a) Nilsson. A.; Ronlan, A.; Parker, V. Tetrahedron L e tt.  1975, 

1107. Foster, C. H.; Payne, D. A. J . Am. Chem. Soc. 197S. IOO, 2834. (b) 
Steward. R. F.; Miller, L. L J . A m . Chem. Soe. 19M. 102. 4999.

(10) (a) Henton, D. R,; McCreery, R. L>.; Swenton, J. S. J . Org. Chem.
198V, 45, 369. (b) Henton, D. Ft; Anderson, D. K.; Manning, M. J.; 
Swenton. J. S. J . Org. Chem. 1966. 45, 3422.

0022-3263/85/ 1950-4569801.50/0

trically su b stitu ted  adjacent to  th e  keta l linkage often 
selectively produce one quinone m onoketal10*5 upon hy
drolysis. H owever, bisketais such as  4a show virtually no 
regioselectivity in  their monohydrolysis.

(O C H ,) .

4». R1 = R2 = H Ss 1:1 6a

b , R1 = O C H j, 5b M 0 : 10 6b

R2 = O S i( t -B u ) (C H 3)2

An in teres ting  mechanistic problem  was presented by 
the discovery th a t  an allylic oxygen functionality1* 'd af
forded regiochemical control in the  hydrolysis of the bis- 
ketai 4b. T h is  was a key featu re o f  our regioselective 
synthesis o f anthracyclinones,3* and  an  understanding of 
the factors responsible for the regiochemical control would 
be of general in terest. Studies rep o rted  herein establish 
the effect o f a  variety of allylic sub stitu en ts  on the regio
chem istry o f  bisketal hydrolysis in a te tralin-type system 
and provide a  reasonable, m echanistic rationale for the 
effec t T h e  resu lts  of these studies should be valuable in 
designing regioselective routes to  o th e r quinone mono
ketals.

S y n th e s is  o f  th e  M odel S y s te m s  fo r  S tudy  
The 1,4-dim ethoxytetralin ring system  was selected to  

study th e  effec t o f allylic substituen ts on the  regiochem
istry of b isketa l hydrolysis. T he ketone 9 was readily 
available via th e  reaction sequence outlined  in eq 1. The

h 3C O  O 

9 (701)

© 1985 American Chemical Society
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Table I. Anodic Oxidation/Hydrolysis Studies of 10a-k
H.CO (O C H .). 1 0 C M J , O

4pH.CO R (O C H .) ,R O k  (O C H ,). H

ra t io 6 o f  13 /14

en try R yield o f  12,a % yield o f 13/14* % -2 0  °C +22 *C

1 a, OH 97 92 8.4:1 8:1
2 b. O C H , 98 93 6.2:1 6:1
3 c, OSi(f*Bu)(CH,)j 92 90 3.3:1 2.9:1
4 d , O CH ,O C H , 98 92 3.5:1
5 «. C H , 95 98 1.5:1 1.5:1
6 f, C H ,C H , 90 96 3:1
7 8, i-P r 99 6.5:1
8 b , t-Bu 97 98 10.5:1 7:1
9 I. F 76 92 10.5:1 11:1

10 j, see tex t 88 88 1:5 1:5
11 k, see tex t 96 91 1:10 1:8

f cru d e  product(s) showing no m ajor im purities by 'H  N M R 6 R a tio  determ ined  by 'H  N M R  spectroscopy.

direct conversion of 8 to  9 was especially convenient since 
the crude p roduct from the triethylailane reduction11 was 
directly cydized to  the tetralone 9.12 Reduction of 9 with 
sodium  borohydride and  functionalization afforded the  
oxygenated derivatives lO a-d  used in th e  anodic oxida
tion /hydro lysis  studies.

H .C O H .C O

IJN a B H .

2 ) p r o te c t io n
H .C O

. R = O H (O S i( C H j) j )  ;

R = O S I { e - B u |( C H 3) 2 ;

A second series o f compounds em ployed in  th e  study 
were designed to  assess the  im portance of steric effects on 
the bisketal hydrolysis. These system s were prepared by 
addition  o f organolithium  reagents o r G rignard reagents 
to  the  ketone 9 followed by triethylailane reduction. N ot 
surprisingly, enolization was a  m ajor com plication in the  
reaction of 9  w ith isopropyl and tert-buty l organometallic 
derivatives. T h is synthetic work was com pleted before

! )R L i o r  RMgX

H .C O

iJEtjSIH

9 10
e .  R  = CH3 ; f ,  R = C ^ ;  g ,  R  = i - C ^ ;  

h ,  R  = t - B u

the report th a t cerium(III) chloride promoted the addition 
reaction of organometallics to  carbonyl groups subject to 
enolization;12 however, it was of interest to  investigate th is 
point in the  reaction o f tert-butyllithium  w ith 9. Indeed,

(11) Wwt, C. T.; Donnelly, S. J.; Kooistra, D. A.; Doyle, M. P. J. Org. 
Chem. 1*73,36,2673. Qwankju. J. A; Reynolds, P. W. J. Am. Chem. See. 
1178,100. 4188.

(12) The keto ecid 8 wm pmiotahr converted to •  by WoUf-Kiehner 
reduction or hydrogenation followed by polyphospboric odd cydixatlon 
in about 48-60% overall yield.1* 11» yield frees 7 to 9 in this work wm 
78%.

(19) Moors, J. A.; Rahis, R. J. Org. Chem. 1MI. 86.1109. Shimrxu, 
T.; Hon«ucbi, T.; Watenabe, A  Bull Chem. Soc. Jpn. 1979,46,1772.

(14) Imamoto, T.; Kunmolo, T.; Toworayocoa, Y.; Sufiura, Y.; Mite, 
T.; Hatanaka, Y.; Yokoyuna, M. J. Org. Cfcem. 1984,49, 3804.

th e  overall yields of lOh from  th e  reaction of 9 and  tert- 
bu ty llith ium  in the absence and presence of ce rium (lll) 
ch loride were 13% and 42% , respectively. Any fu tu re 
w ork involving addition  o f organom etallic reagents to  9 
could m arkedly benefit from  th e  use of cerium (III) chlo
ride.

T h e  final compounds em ployed in the studies were the 
fluoro  system  lOi and  th e  unsatu ra ted  system s 10j,k 
p repared  as shown in eq 2. T h e  benzylic fluoro system 10i 
w as especially labile, and  th e  anodic oxidation chem istry 
o f lOi (vide infra) was perform ed im mediately afte r  its 
p repara tion .

H 3C ?

w
H .C O

1 0a. R lO i, R = H

1 0 t  R : C H 10k, R *  C H

(2)

A nod ic O xid a tion /H yd ro ly sis  S tu d ies
T h e  results from the  anodic oxidation and subsequen t 

hydrolyses o f the  resu lting  biaketals from the  te tra lin s  
lO a -k  are  given in  T ab le I. All anodic oxidations were 
conducted  in 2% m ethanolic potassium  hydroxide in a 
single cell (except 10j,k, for which a  divided cell was em 
ployed) a t  constan t c u r re n t S tandard  workup afforded 
th e  crude bisketais which were used directly for th e  hy
drolysis studies. T he specific details and spectroscopic 
d ata  for the  bisketais are given in the Experimental Section 
and  supplem entary material, and  only pertinent points are 
noted here. As stated earlier, th e  benzylic fluoride 101 was 
extrem ely  labile and  was n o t purified prior to anodic ox
ida tion , so bisketal 12i was recrystallized prior to  hy
drolysis. For 10a (R = O H ) the  unprotected hydroxyl 
group com plicated th e  p roduct m ixture in the anodic ox
ida tion ; thus, the  oxidation was conducted on th e  tri- 
m ethylsily l derivative, w ith  th e  protecting group being 
rem oved during  th e  w orkup o f the  reaction m ixture, to 
affo rd  12a.

T h e  prepara tive hydrolyses were conducted in  ace
to n e /5 %  aqueous acetic acid (4:1) a t  *20 *C for 24*48 h, 
and  th e  reaction mixtures were neutralized with satura ted  
sodium  bicarbonate. As is ap p a re n t from the  tem pera- 
ture-dependence data  listed in Table n , the regioeelectrvity 
o f th e  monohydrolysis is only slightly improved a t  *20 *C 
relative to  22 *C. For th e  system s having oxygenated 
substituents (entries 1*4), the  major monoketals 13a-c and
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Table II. Kisetle* e f  BUteUl Hydrelysia at 22 *C
(O C H ,) , (O C H j)j (O CM ,),

(OCHjIj f

k/wn.i, w

-  v ?  & ?
OCMj )j  R ® R (OCHj)j R(OCH

IJa-1

entry compd R 10**, •“ 10*k, 10**. a*1
1 11 H 6.8 2.9 2.9
2 IU OH 2.2 2.0 0.2
3 12b OCH, 3.5 3.0 0.5
4 12c OSi(f'Bu)(CH«), 2.7 2.0 0.8
5 12e CH, 7.6 4.6 3.0
6 12b t-Bu 16.1 13.0 1.9
7 121 F 0.76 0.68 0.06
8 12j H 3.8 0.63 3.2
9 12k CH, 2.2 0.24 1.8

Scheme t. General Procedure for Assignment of 
Structure for Monoketals

(O C H ,)

(O C H .)

1)Nj 8H4
2 )H C i

3 )N sH  

t ) P h C H 2B r

O C H , IJB C Ij 
2)N aH

h C H jO  O C H j

H ,C O  ft P h C H .O  R
3 )P h C H 2 B r  

S )R M gX  o r  R L i

the minor monoketals M a.d were isolated pure.16 Systems 
th a t yielded difficult-to-separate m ixtures were firs t re 
duced to  th e  respective phenols, which were separa ted  
either d irectly  or as derivatives. T h e  stru c tu res  for the  
phenols o r phenol derivatives were estab lished  by spec
troscopic analysis or by comparison with authentic samples 
prepared via conventional synthetic m ethods. A detailed 
discussion is given in  the  supplem entary  m aterial. T h e  
ratios of th e  m onoketals from hydrolysis o f 12a-d were 
readily determ ined  by integration o f  th e  te rtia ry  allylic 
hydrogen in th e  *H N M R  spectrum : for m onoketals o f 
structure 13, th e  position for th is p ro ton  was ab o u t 6 0.1 
lower th a n  for th is  pro ton  in 14.

For entries 5-8, the regioisomeric monoketals were much 
more d ifficu lt to  separate  chrom atographically, an d  only 
the major m onoketals 13g,h were obtained  pure. For the  
rem aining com pounds, the  m ixtures o f m onoketals were 
reduced w ith sodium  borohydride to  afford  the  corre
sponding phenols. T he phenols were sep ara ted  chrom a
tographically and  benzylated. Com parison o f m ajor ben- 
zylated arom atic  com pound 15 w ith an  au then tic  sam ple 
prepared by s tan d a rd  chemical m ethods estab lished  the  
regiochemistry o f the  major m onoketal. T h e  genera! 
scheme for the  s truc tu re  proofs is given in Schem e I, and  
the details a re  supp lied  in the  supp lem enta ry  m aterial. 
The ratios o f m onoketals were obtained by integration of 
the appropria te  resonances in the  *H N M R  spectra.

(16) While the ferf-butyldimethyUilozyl group doea not afford the 
highest refioeelectivity in th e  monohydrolysis of a  quinone biiketal, it 
wm employed in our anthracydicone synthesis* because it  gave the moat 
reproducible yield* in subsequent aynthetic step*.

T he final compounds studied were the  fluoro system 12c 
and the  triene com pounds 12j,k. T he m ajor m onoketal 
from hydrolysis of 12t was assigned as 13i by v irtue of the 
m agnitude of th e  19F  coupling to  the  carbons in the  13C 
N M R spectrum . For th is  monoketal, th e  19F  coupling 
constan t a t  C-10 (5 157.5) was 6 Hz while th a t  a t  C-9 (6 
133.0) was 16 Hz. T h is assignm ent is fully suppo rted  by 
d a ta  given in  th e  supplem entary  m aterial. T h e  ra tio  of 
the  two m onoketals 131 and  Mi was determ ined  by in te
gration of the  resonances in  the 19F  N M R spectra. For the 
vinyl systems, 14) and 14k were isolated pure and  reduced 
to  17j,k. P henols 17j,k showed sim ilar, b u t d ifferent,

H.CO

spectroscopic p roperties (IR , NM R) th a n  phenols I8 j,k  
which were independently  prepared. T he ra tio  o f mono
ketals in th is la tte r  case was determined by integration of 
the  m ethoxyl region o f th e  'H  NM R spectrum  o f the hy
drolysis m ixture.

D iscu ssio n
T h e  m echanism  of ac e ta l/k e ta l hydrolysis has been 

extensively stud ied , and  it is generally accepted  th a t the 
rate-determ ining s tep  involves form ation o f a  carbonium  
ion w ith either specific hydronium  ion or general acid 
catalysis.16 Several possibilities were considered for the 
regiocontrol exerted  by allylic substituen ts  on th e  hy
drolysis of the  quinone bisketais discussed above.17 In 
tram olecular general acid catalysis of an acetal o r ketal 
linkage can result in ra te  accelerations as high as 104-10® 
in selected system s,18 19 and  20. A rate  change of only

a 0̂  Q v 0 k c o 2h

19 20

a  fraction of the above value could account for the observed 
regiochem istry if the  allylic oxygen function were facili
ta ting  the  hydrolysis o f th e  adjacent bisketal. Such a 
possibility would involve protonation of the  m ore basic

0 6 ) («) Cordea. E. H ; Bull, H. G. Chtm . Ret-. 1974. 74. 581 (b) Fife.
T . H. Acc. Cham. Res. ItTS. 5, 264.

(17) For •  thorough discussion of stereoeleetronic effect* in the hy
drolysis of biaketaJ*. see ref 10b.

(18) F ife .T . H ; Anderson. E . J .  Am. Chem Sot. 1971, 93. 6610



J. Org. Chem.. Vol. SO, No. 23. 1985

ether oxygen (p/C, ~  -4 ) vs. the keuri oxygen (p/C, ~  -5), 
followed by in tram olecular pro ton  tra n sfe r a n d  loss of 
m ethanol to  affo rd  22.

(OCH.).

21 22

Second, th e  inductive effect of the  allylic su b stitu e n t 
could retard the  rate  of ionization to  form cation 23 relative 
to  cation 22. T h is  type  of rationale is essentially th a t used 
in explaining th e  p redom inant m eta su b stitu tio n  in  the 
electrophilic reactions of pro tonatcd  or tr ia lk y la ted  an i
lines.19 Furtherm ore, the slower rate of hydrolysis (—10)20

o c h 3

0 ? “  &>
(O C H 3)2 O R  (O C H j )j  o r

23
of benzoquinone bisketal relative to 2,2-dimethoxypropane 
could be ascribed to  a  rate-retarding inductive effect of the 
second ketal function  on the hydrolysis of th e  f irs t ketal.

Finally, a ra te  acceleration from relief o f s te ric  in te r
actions could account for selective hydrolysis o f  th e  ketal 
moiety ad jacen t to  th e  allylic substituent. B o th  ra te  ac
celerations21 an d  re tardations32 have been a t tr ib u te d  to  
steric effects in a c e ta l/k e ta l hydrolysis. S uch an  expla
nation would be especially attractive in understanding  the 
high regioselectivity observed in the fert-butyl system  12h.

Simple k inetic  studies of the bisketal hydrolyses would 
rule o u t som e o f th e  above-m entioned possibilities. In 
tram olecular catalysis by a hydroxyl group o r s teric  ac
celeration would lead to  an overall rate enhancem ent, while 
an inductive effect would result in a rate  retardation. T he 
rates for hydrolysis o f  bisketais 11 and 1 2 a -c ,e ,h -k  were 
measured a t  22 °C  in a  m ixture of tetrahydrofuran, water, 
and acetic acid. T h e  data  showed excellent linearity  
through th re e  to  four half-lives when tre a ted  as  a  pseu
do-first-order reaction. The results of these determ inations 
are collected in T ab le  II. Since the ratio  o f m onoketals 
is tim e invarian t, th e  individual rate  constan ts  for hy
drolysis o f each keta l o f the bisketal can be determ ined  
from th e  overall Tate and  the  product ratio . W hile  these 
numbers are subject to  more error than the measured rates 
since the  ra tios o f  th e  isomeric monoketals a re  probably  
not b e tter th a n  ± 1 0 % , the  num bers are useful for th is  
discussion.

T he d a ta  of T ab le  II  establish th a t th e  regioselectivity 
observed in th e  hydrolysis of the oxygenated an d  fluoro 
systems (entries 2 -4 ,7 ) is not due to  an acceleration in  the 
rate of 13 form ation b u t to  a retardation in  th e  ra te  of 14 
formation. T h is  effect is greatest for the m ost electro
negative subetituen t fluorine, which slows down th e  rates 
for form ation o f 13i and  141 by factors of ~ 3  a n d  ~ 5 0 , 
respectively. Thus, the  effect of an allylic electronegative 
substituent on the regiochemistry of the bisketal hydrolysis 
is reasonably a ttr ib u ted  to  the inductive effect discussed

(19) See, for example: Hint, J. “Phyrical Organic Chsmistry", 2nd ed.; 
McGraw-Hill: New York, 1962; pp 374-376.

(20) Chsturvedi, PL K.; Adams, J.; Cocdaa, B. H. J. Org. Chem. t t t l ,  
3 3 ,1662.

(21) Andaraon, E ; Fife, T. H. J. Am. Chem. Soc. 1971, S3, 1701. 
Kreevoy, M. M.; Morgan, C. R; Taft, R. W. J. Am. Chem. Soc. 1969,82, 
3064.

(22) Fife. T. H.; Hagopian, L. J. Org. Chem. 1966, 31, 1722.
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above. In  c o n tra s t to  the  above system s, th e  rates for 
fo rm ation  o f  S3e,h are  accelerated b y  factors of ~ 2  and 
~ 4 .5 , respectively. Such a  result is reasonably interpreted 
as a  s te ric  acceleration  o f the b isketal ionization. The 
resu lts  from  biaketals !2 j,k  are in teresting  since the re
giochem ical outcom e is a reversal o f  th e  previous com
pounds. T h is  change in regiochem istry is prim arily  due 
to  the slower ra te  o f formation of m onoketals 13j,k vs. that 
of 14j,k. F u rtherm ore , methyl su b stitu tio n  has a  small 
re tard ing  e ffec t on th e  rates of hydrolysis o f  ko th  ketal 
functions in  12k. An attractive idea fo r explaining the 
slower ra te s  fo r formation of 13) ,k  is th a t steric interaction 
of the  allylic substituen t with the p-m ethoxyl group raises 
the  tra n sitio n -s ta te  energy of th e  reaction .

Hj
24

C o n c lu sio n s33 
E lectron-w ithdraw ing substituen ts  change th e  regio

chem istry o f th e  hydrolysis of quinone b isketais primarily 
by re ta rd in g  th e  ra te  of hydrolysis of th e  m ore d istan t 
ketal. T h is  re s u lt  can  be rationalized by assum ing tha t 
the electron-w ithdraw ing group deactivates th e  hydrolysis 
of th e  m ore d is ta n t ketal by inductively destabilizing the 
d ispersal o f  positive charge in the  allylic ca tion  system. 
Such an  in d u c tiv e  destabilization in th e  tra n sitio n  state 
for th e  o th e r  k e ta l center is less effective. In  the  case of 
alkyl groups, hydrolysis is accelerated for th e  ketal nearer 
to  th e  alkyl g roup , an d  the selectivity o f  th e  hydrolysis 
increases w ith  th e  size of th e  alkyl group. R a te  studies 
establish th a t  th e  alkyl groups result in a  ra te  acceleration 
for hydrolysis o f  the  nearer ketal. T his w ould reasonably 
be a ttribu ted  to  some relief of steric strain  in th e  transition 
state  for ionization. Finally, while conjugation o f a  double 
bond w ith  th e  qu inone bisketal leads to  good regioselec
tivity , th e  exact n a tu re  of the  effect rem ains to  be estab
lished.

E x p e r im e n ta l S e c tio n 24 
5^-D im ethoxytetralone (9). To a vigorously stirred 25 °C 

solution of 8 (11.2 g, 0.047 mmol) in CFjCOjH  (25 mL) was added

(23) Tbs free-energy differences between the hydrolysis of the two 
ketal functions in ail of the systems studied si* staalL However, an 80.15 
vs. a 50:60 mixture oi  isomeric monoketals can have important synthetic 
consequences.

(24) The following abbreviations have been used throughout the text 
PE (low boiling petroleum ether); THF (tetrahydrofuran). All anodic 
oxidations were essentially cooducted ae described in ref 10a. All melting 
points were taken on a Thocnae-Hoover capillary melting point apparatus 
and are uncotrected. Measurements with standard samples indicate that 
the reported melting points are probably 1-2 *C lower than the correct 
value. (R spectra were taken on a Perkln-Elmer Model 262B grating 
spectrometer in the indicated phase: only strong absorptions are re
ported. 'H NMR and “C NMR spectre were recorded at 60 and 20.1 
MHs, respectively, in CDC1* as solvent The reported chemical shifts for 
the AJB quartets qre calculated. Apparent multipUtitiea are reported, and 
in some cases, signals reported as triplets are in fact closely spaced 
doublet of doublets. Maas spectra and exact mam measurements were 
obtained by C. Wcisanberger on a Kratos MS-30 mass spectrometer 
connected to a DS-65 data system. Tbs kinetic measurements were made 
oo a Beckman DU-7 equipped with the kinetics package. Tetrahydro
furan was freshly distilled from bensophenone/eodium prior to use. All 
other anhydrous solvents used for reactioos were freshly dried and dis
tilled. All rasctiona were performed under s nitrogen atmosphere. 
Combustion analyses arete performed by Scandinavian Microenalytka) 
Laboratory, Heriev, Denmark. Aluminum and silica gel were from E. 
Merck and Co., end flash silica gel was obtained from EM reagents 
(230-400 mesh). “Workup as umsT consisted of extraction of the product 
(CHtCL or BtfO), drying over CaSO« or NeySK)*, and concentration in 
vacuo, followed by drying under oil pump vacuum.

tO C H j .
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dropwiae triethylailane (20.6 mL, 0.13 mol). After being stirred 
for 10 min, the reaction mixture wee concentrated in vacuo, and 
the dark brown oil waa taken up in 10% KOH (50 mL) and BtjO 
<50 mL). The phaaea were ae para ted, the aqueous phase waa 
acidified (concentrated HC1), and the ad d  was extracted with 
CHjClf (3 x  40 mL) and worked up as usual to  afford 10J g (98%) 
of the acid aa an oil suitable for use in the next step. Recrys
tallization of a portion of this material from Et«0 gave a  light 
yellow solid, mp 66-67 *C ( li tu  mp 64-65 *C).

To the add  from above in CFjCO,H (90 mL) was added 
(CFjCOj),0  (30 mL, 0.21 mol), and after 5  min the reaction 
mixture was concentrated in vacuo. The reaction mixture waa 
partitioned in a mixture of CH|C1| (60 mL) and 10% KOH, and 
the product was extracted with additional CHjClj to afford after 
workup a dark brown oil. Flash chromatography on silica gel (5:1 
CHjCUEtjO as eluant) afforded 9 (7.6 g, 78% overall), mp 60-62 
•C (lit>  mp 58-62 *C).

10a (R •  T rim ethylsiloxy). The reaction of 10a (R * OH,
614.7 mg, 2 96 mmol), chlorotrimethylailane (1.69 mL, 13.3 mmol), 
and ((CHj)jSi]2NH (2.8 mL, 13.2 mmol) in pyridine (7.7 mL) was 
allowed to proceed at 50 °C for 24 h. The reaction waa quenched 
with saturated sodium bicarbonate solution (20 mL) and worked 
up as usual to yield a light brown oiL Flash chromatography (1:1 
hexane/CH2Cl2) yielded 10a (R * trimethylsiloxy) as a colorless 
oil (762.7 mg, 92%): IR (neat) 2940,1480,1465,1440,1360,1350, 
U0Q, 1080,1030,1010,960.890,840 cm '1; ‘H NMR 4 6.66 (br a,
2 H), 5.17-5.03 (m. 1 H), 3.78 (s, 3 H), 3.76 (a, 3 H), 2.80-1.40 (m, 
6 H), 0.16 (i, 9 H); 1SC NMR 4 152.0 (s), 151.6 (s). 128.3 (s), 127.9 
(a), 109.0 (d). 107.2 (d). 62.0 (q), 55.7 (q), 65.1 (q). 31.7 (t), 23.2 
(t), 15.9 (t), 0.56 (3 C, q); mass spectrum, exact mass ealed for 
C uH sA Si m /e 280.1495, obsd m /e 280.1548.

10b. To a  slurry of 60% sodium hydride mineral oil dispersion 
(30 mg, 1.1 mmol, washed with hexane) in TH F (15 mL) was 
added 10a (R “  OH, 100 mg, 0.481 mmol). The mixture was 
heated to reflux for 2 h and cooled to 40 *C, methyl iodide (0.15 
mL, 1.17 mmol) was added, and the mixture was allowed to stir 
at 40 *C for 6 h and then at room temperature overnight. The 
reaction mixture was diluted with water (10 mL), concentrated 
in vacuo, and then extracted with EtOAc (2 x  50 mL). Workup 
and flash chromatography (CH2C12) yielded 10b as a light yellow 
oil (86.4 mg, 81%): IR (neat) 2920, 2830,1480, 1460 (sh), 1440 
(sh), 1350, 1080 cm '1; >H NMR 4 6.67 (a, 2 H), 4.69-4.47 (m, 1 
H), 3.80 (s, 3 H), 3.74 (s. 3 H). 3.43 (s, 3 H), 3.1-1.44 (m, 6 H); 
man spectrum, exact mass ealed for Cj*HigOj m /e 222.1256, obsd 
m /e  222.1267.

10c. The reaction of 10a (R ■ OH, 0.1 g, 0.48 mmol) and 
dimethyl tert-butylailyl chloride (128 mg, 4.81 mmol) in DMF 
(10 mL), with imidazole (128 mg) as base a t 50 *C, was allowed 
to proceed for 6 h. The reaction was quenched with saturated 
sodium bicarbonate (10 mL), and the mixture waa extracted with 
CH3C12 (3 X 30 mL). The combined organic phase was washed 
with water (4 x  100 mL), dried, and concentrated in vecuo to yield 
10c as a brown oil. Flash chromatography (1:1 hexane/CH2C)2) 
gave a white crystalline solid (148 mg, 0.460 mmol, 95%): mp 
61.2-62 °C; IR (KBr) 2940,2860,1560,1530 (sh), 1480,1260,1250,
1100,1080, 1030,1010, 960, 880, 830, 770, 710 c m 1; 'H  NMR 4 
6.65 (br s, 2 H). 5.10-4.95 (m, 1 H). 3.77 (s, 6 H), 2.8-1.0 (m. 6 
H), 0.86 (s, 9 H), 0.15 (s, 3 H); mass spectrum, exact mass ealed 
for CiaHsoOj m/e 322.1964, obsd m/e 322.1988.

lOd. A solution of 10a (R « OH, 100 mg, 0.48 mmol), CH2C13 
(10 mL), diisopropyl ethyl amine (2 mL, 5.21 mmol, 10.7 equiv 
per OH), and chloromethyl methyl ether (0.4 mL. 4.81 mmol, 10 
equiv per OH) was heated to reflux (orange color developed) for 
10 h. The mixture was cooled to room temperature, 5% aqueous 
sodium bicarbonate solution (10 mL) was added, and the mixture 
was worked up as usual to afford lOd as a light orange oil. Flash 
chromatography (CH2C13) yielded a colorless oil (110.9 mg, 91%)*. 
IR (neat) 2930,1475,1460 (sh). 1440,1250, 1140,1090,1030, 705 
c m 1; ‘H NMR 4 6.66 (s, 2H), 4.95 (AB q, J  = 6.4 Hz, 1 H), 4.92 
(br s, 1 H), 4.70 (AB q, J  «  6.4 Hz, 1 H), 3.77 (s. 3 H), 3.73 (s,
3 H), 3.41 (s, 3 H), 2.92-1.25 (m, 6 H); mass spectrum, exact mass 
ealed for Cu H » 0 , m /e  252.1362, obsd m /e 252.1373.

tOe. To 9 (835.8 mg, 4.058 mmol) dissolved in THF (15 mL) 
and cooled to -70 *C was added 1.5 M CHjLi in EtjO (2.9 mL), 
and the reaction mixture waa stirred for 0.5 h. The reaction waa 
quenched with water (2 mL). and the mixture was concentrated

in vacuo and than extracted with CHsClj (3 x  30 mL). Workup 
aa usual afforded a  yellow oU. Flaah chromatography (CHjCh 
aa eluant) gave the pure alcohol (8G5JS mg, 93%). Recrystallization 
from PE/CH^Ct} gave colorless crystals: mp 58.2-59.5 *C (lit.* 
mp 71 •€); IR (KBr) 3530 (br). 2970,1480-1430,1360,1390,1270, 
1260,1075,1060 o n '1; !H NMR 4 6*7 (a, 2 H). 4.63 (a, 1 H), 3*6 
(a. 3 H). 3.75 (a, 3 H). 2.7-2.0 (m, 2 H), 2.0-1.5 (m. 4 H), 1.58 (a, 
3 H); “ C NMR 1 151.3 (2 C), 132.0,1264108.1,107.7,71.1,55,2 
(2 C), 38*. 28*,23.7,19.8; mass spectrum, exact mass ealed for 
CuHjjO , m /e 222.1256, obed m /e 222.1284.

To a mixture of the above alcohol (761.1 mg, 3.36 mmol) and 
Et«SiH (2* mL, 16.7 mmol) was added CF*C02H (5 mL), and 
the light yellow reaction mixture was then concentrated in vacuo 
to  give a  light yellow oil. Flaah chromatography (15:2 and then 
3:1 PE/CH|Clf) gave lOe (617.3 mg, 89%) as a colorless oil:* IR 
(film) 2920,1470,1430 (sh). 1245,1090,1070 cm '1; ‘H NMR 6 
6.61 (a, 2 H), 3.78 (s. 3 H), 3.76 (a, 3 H), 3.3-2.0 (m, 3 H), 2.0-1.5 
(m, 4 H), 1.19 (d, J  -  7 Hz, 3 H); “ C NMR 4 161.4 (2 C), 132.3, 
126.5,106.8, 106.4, 65.1 (2 C), 29.4, 26.7, 23.3, 20.6, 17.0; mass 
spectrum, exact mass ealed for C»HuOt m /e  206.1387, obed m/e 
206.1335.

lOf. To a solution of 9 (0.698 g, 3.39 mmol) in dry THF at -70 
*C was added EtMgBr (1.2 mL, 2 M THF solution, 1.05 equiv), 
and the solution waa stirred for 1 h. After addition of water (2 
mL), the reaction mixture waa concentrated in vacuo, and the 
organic material was extracted with CH2C12 (3 x 30 mL) and 
worked up as usual to  afford a light yellow oil. Flash chroma* 
tography (CHjClj) gave the alcohol (452.1 mg, 57% (84% based 
on uncovered starting material)] and recovered starting material 
(227.1 mg). H ie pure liquid showed the following IR (film) 
3600-3500, 2960,1480, 1465 (sh), 1440,1390, 1335, 1250,1090, 
1065, 980,950 cm '1; >H NMR 4 6.66 (s, 2 H), 4.31 (s. 1 H), 3.83 
(s, 3 H), 3.76 (s, 3 H), 2.8-1.2 (m. 8 H), 0.89 ft, J  «  6.4 Hz, 3 H); 
‘•C NMR 4 151.4,151.3, 132.5,127.3,108.1,107.7, 73.4, 55.2 (2 
C), 32.9,32.1,23d, 18.9,7.5; mass spectrum, exact mass c&lcd for 
Cu Hb O, m /e 236.1413, obsd m /e 236.1391.

A mixture of the above alcohol (446.3 mg, 1.80 mmol) and 
EtgSiH (2 mL, 12.6 mmol) was reacted with CF9C 02H (3 mL) as 
for lOe. Workup followed by flash chromatography (15:1 and then 
3:1 PE/CHjCJ2) gave lOf (401.4 mg, 96%) as a colorless liquid: 
IR (film) 2940,1480,1465 (sh), 1400,1260,1100,1080 c m 1; lH 
NMR 4 6.61 (s, 2 H). 3.77 (s, 6 H). 3.00-1.00 (m, 9 H). 0.95 (t. J  
»  7 Hr, 3 H); tlC NMR 4 151.4 (2 C), 132.4,126.7,106.9,106.5,
55.3, 33.6, 26.7,24.3, 23.2,17.0,12.4; mass spectrum, exact mass 
ealed for CuHmO, m /e 220.1463, obsd m /e 220.1429.

lOg. Reaction of 9 (847.5 mg, 4.11 mmol) in THF (15 mL) at 
-70 *C with a solution of 2 M i-PrMgCl (2.16 mL, 1.05 equiv) in 
T H F  followed by workup and flash chromatography (1:1 PE/ 
CH|C12) gave starting 10a (244.1 mg) and the product alcohol 
(137.6 mg, 42% yield): IR (film) 3600-3360, 2940,1470,1435, 
1390,1335,1250,1185,1160 cm '1; (H NMR 4 6.66 (s, 2 H). 3.98 
(s, 1 H), 3.81 (s, 3 H), 3.75 (s. 3 H). 3.1-1.32 (m, 7 H), 1.00 (d, 
J  *  6.9 Hz, 3 H), 0.53 (d, J  * 6.9 Hz, 3 H); mass spectrum, exact 
mass ealed for C ^H aO j m /e 250.1569, obsd m /e  250.1549.

Reduction of the above alcohol (244.1 mg, 0.97 mmol) with 
Et^SiH (1.15 mL, 7.2 mmol) in CF9C 02H (2.5 mL) gave after 
workup and flash chromatography (15:1 and then 3:1 PE/CHjCIj) 
lOg (197.4 mg, 86%) as an oil: IR (neat) 2940, 1475,1460 (sh), 
1440,1250,1090 cm '1; lH NMR 4 6.62 (s, 2 H). 3.77 (s, 3 H), 3.75 
(s, 3 H), 3.15-1.40 (m, 8 H), 0.86 (d, J  “  6 Hz, 6 H); mass spectrum, 
exact mass ealed for CiSH220 2 m/e 234.1619, obsd m /e  234.1610.

(Oh. A reaction flask containing cerium chloride heptahydrate 
(2.48 g, 6.7 mmol) waa heated at 140 °C (0.03 mm) for 2 h and 
then cooled under a nitrogen atmosphere to -78 °C . THF (10 
mL) was added to the flask followed by terf-butyllithium (4.75 
mL of a 1.2 M hexane solution). Then 9 (1.38 g, 6.7 mmol) in 
THF (10 mL) waa added, and the solution was stirred for 40 min 
at -78 #C. Addition of saturated NH<C1 and standard workup 
followed by flash chromatography on silica gel (CH2CI2 as eluant) 
gave lOh (0.7 g, 42%). Additional product was present in 
overlapping fractions, which could be obtained pure by further 
chromatography. Recrystallixation from PE/CH 2CI2 gave the

(25) Coillard, J.; M entzer. C. Bull. Soc. Chim. 1953, 20, 168.
(26) Middleton. W. J . J . Org. Chem. 1976, 40. 574.
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analytical aample: mp 120-121 #C; IR (KBr) 3485,2950,1476, 
1460 (ah), 1455,1440,1375,1335,1250,1097,10S5,950,805 cm'1; 
*H NMR b 6.68 (a. 2 H), 5.38 (br a, 1 H), 3.77 (a, 6 H), 2.9-1* (m, 
6  H), 0.88 (a, 9 H); lK  NMR 5 152.4,151.4,131.0, 129.4,108.5, 
108.3,789,55.8.55.3,41.6,35.8,26.4 (3 C),23.4,20.1. AnaL Calcd 
for C„H240 3: C, 72.69; H, 9.15. Found: C, 72.65; H, 9.17.

Reduction of the alcohol (157.2 mg, 0.595 mmol) with Et^SiH 
(0.35 mL, 2.2 mmol) in CFjCOjH (5 mL) followed by flaah 
chromatography on silica gel (flrat with hexane and then with 1:1 
hexane/CHsClj) gave lOh (139.2 mg, 94%): IR (neat) 2940,1475,
1440,1250,1092,1070 era '1; lH NMR 5 6.61 (a, 2 H), 3.25 (a, 3 
H), 3.20 (a, 3 H), 3.3-1.0 (m, 7 H), 0.86 (a, 9 H); iaC NMR b 152.1, 
151.1,130.3 <2 C), 107.4,107.0,55.8, 55.1. 39.2, 36.9, 29.0 (3 C), 
24.2,21.6,20.2; maee spectrum, exact maaa calcd for C|*H»4 0 2 m/e 
248.1777, obsd m /e  248.1790.

10k. A solution of CH3Li (2.5 mL of a 1.2 M solution in Et^O, 
1.2 equiv) in THF (20 mL) was cooled to -78 °C. Then a solution 
of 9 {0.521 g, 2.53 mmol in THF (10 mL)) was added over a period 
o f 10 min. The mixture was stirred for 0.5 h, the  reaction was 
quenched by adding 20% HC1 (10 mL), and the mixture was 
concentrated in vacuo. Extraction of the residue with CHaCla 
(3 X 30 mL) and workup as usual afforded a light yellow oil Flash 
column chromatography (1:1 CHjClj/PE as eluant) gave colorless 
oil 10k (465 mg, 90%): IR (film) 2930, 2830,1480. 1465,1435, 
1225,1135,1090,1055 cm '1; 'H  NMR 6 6.72 {$, 2 H), 6.5-6.2 (m, 
1 H), 3.78 (s, 3 H), 3.75 (s, 3 H), 268-245 (m, 2 H). 2.40-1.76 (m, 
5 H); spectrum, exact mass calcd for CdHmO* m /e  204.1150, 
obsd m /e  204.1139.

13a and 14a. Anodic oxidation (45 min, 0.8 A) of 10a (206.3 
mg, 0.74 mmol) in 2% CH3OH/KOH (75 mL) a t -20 °C followed 
by workup gave 12a as a crude light yellow oil (194.8 mg, 97%), 
which was used directly in the next step: IR (neat) 3600-3200 
(br). 2940,2830,1460,1440,1400,1295,1205,1170,1145 (br),980, 
960 c m 1; *H NMR 5 6.21 (AB q, J  -  8 Hx, 1 H), 6.13 (AB q, J  
= 8 Hz, 1 H), 4.62-4.36 (m, 1 H), 3.46 (br s, 1 H), 3.37 (s, 3 H), 
3.16 (s, 3 H), 3.13 (s, 3 H), 3.10 (s, 3 H), 2.5-1.2 (m, 6 H).

To the crude 12a (194.8 mg, 0.721 mmol) in (CHj)iCO (15 mL) 
a t  -20 *C was added 5% HOAc (5 mL), and the solution was 
stored for 48 h. Workup gave a mixture of 13a and 14a as a light 
brown oil (150.1 mg, 0.67 mmol, 92%). Flash chromatography 
(2:1 hexane/CH2CI2) yielded 13a (129 mg, 80%): IR (neat) 
3650-3200 (br). 2940,2830,1675,1645,1610,1405,1295,1100-1060 
(br) cm*1; ‘H NMR (CC14) 6 6.78 (AB q, J  -  10 Hx, 1 H), 6.41 
(AB q. J  -  10 Hx, 1 H), 4.81-4.58 (m, 1 H), 3.21 (s, 3 H), 3.20 
(br s, 1 H), 2.45-1.20 (m, 6 H); ”C NMR 6 185.9 (s), 154.6 (s), 
144.1 (d), 137.3 (s). 132.0 (d), 83.9 (s), 62.4 (d), 50.9 (q), 50.8 (q),
29.7 (t), 23.5 (t), 17.4 (t); mass spectrum, exact mass calcd for 
C „ H ,'0 4 m/e 224.1048. obsd m /e 224.1080.

The second monoketal 14a (153 mg, 9%) showed the following: 
IR  (neat) 3600-3200 (br), 2940,2820,1675,1650,1625,1290,1160 
(br), 990,960 cm*1; ‘H  NMR i  6.78 (AB, q, J  -  10 Hz, 1 H), 6.38 
(AB q, J  « 10 Hz, 1 H), 4.68-4.52 (m, 1 H), 3.43-3.17 (br, 1 H),
3.40 (s, 3 H), 3.17 (s, 3 H), 2.76-1.32 (m, 6 H); **C NMR b 194.4 
(s), 147.0 (s). 141.4 (s), 137.8 (s), 131.7 (d), 97.2 (s), 62.3 (d). 51.1 
(q), 51.0 (q), £1.5 (t), 22,4 (t), 16.3 (t); mass spectrum, exact mass 
calcd for C12H180 4 m /e  224.1048, obsd m /e  224.1077.

13b and 14b. Anodic oxidation (0.7 h, 0.8 A) of 10b (201 mg, 
0.901 mmol) in 2% CH3OH/KOH (75 mL) at -5  *C followed by 
workup gave the bisketal 12b (0.252 g, 0.88 mmol) as a crude 
brown oil (0 25 g, 98%): IR (neat) 2940,2830,1410,1395,1290, 
1205,1190,1175,1140,1075 (br), 1010,940 cm*1; ‘H NMR b 6.12 
(s, 2 H), 4.02-3.78 (m, 1 H), 3.36 (s, 3 H), 3.24, 3.22, 3.18 (», 12 
H), 3.15, 2.5-1.0 (m, 6 H).

This material was dissolved in (CH|)|CO (15 mL) and cooled 
to  -20 ®C, 5% HOAc (6 mL) was added, and the solution was 
stored for 48 b. Workup gave a mixture of two monoketals in 
the ratio 6.2:1 as determined by integration of the methine signals 
a t  6 4.27-4.23 and 4.04-3.98 in the (H NMR spectrum. Flash 
chromatography (CHaCl2) gave pure 13b (142.9 mg, 65%): IR 
(neat) 2950,2820,1670.1640,1620,1460,1400,1360,1290,1205, 
1190,1086,1055,1010,960,840 cm'1; lH NMR 1 6.72 (AB q, J  
-  10 Hr, 1 H), 6.42 (AB q, J  *  10 Hx, 1 H), 4.37-4.17 (m, 1 H),
3.41 (s, 3 H). 3.19 (s. 6 H), 2.50-1.10 (m, 6 H); »*C NMR 6 183.7 
(a), 154.3 (s), 142.9 (d). 136.0 (s), 132.5 (d). 95.0 (s). 68.3 <d). 51.3 
(q), 50.9 (q), 50.7 (q), 25.7 (t), 23.1 (t), 16.7 (t); mass spectrum, 
exact mass calcd for Ci3H|gO« m /e 238.1205, obed m /e 238.1166.

T he minor isomer was not obtained pure.
13c and 14c. Anodic oxidation (1.5 b, 1 A) of 10c (206.5 mg, 

0.641 mmol) in 2% CH3OH/KOH (75 mL) at -5  *C followed by 
workup as usual gave crude 12c as a light brown oil (228.67 mg. 
0.65 mmol, 92%), which was used directly in the next step: IR 
(neat) 2930,2850,2826,1460.1250,1205,1175,1140, 1075 (br), 
1020,1000,950,870, 830, 770 cm*1; crude ‘H NMR b 6.10 (br s, 
2 H), 5.63-5.41 (m, 1 H). 3.21 (s. 3 H). 3.16 (s, 3 H), 3.13 (a, 6 H \ 
2.5-1.0 (m, 6 H). 0.88 (s. 9 H), 0 10  (s, 6 H).

T o  the crude 12c (220.4 mg, 0.573 mmol) in acetone il5  mL) 
a t -20  °C was added 5% HOAc (5 mL), and the hydrolysis was 
allowed to proceed for 60 h. Workup gave the monoketals 13c 
and 14c as a crude brown oil (174.6 mg, 0.51 mmol). Integration 
of the methine hydrogens in the *H NMR spectrum at b 4.82-4.75 
and 4.66-4.60 showed the 13c/ 14c ratio to be 3.3:1. This mixture 
of monoketals was reduced, and the reduction products were 
characterized as described in the supplementary material.

13d and 14d. Anodic oxidation (40 min, 1 A) of lOd (203.9 mg, 
0.804 mmol) in 2% CHjOH/KOH (75 mL) at -5 °C followed by 
workup gave 12d as a light brown oil (0.252 g, 98%), which was 
used directly in the next step: IR (neat) 2940, 2820,1460, 1440, 
1390,1380,1305,1250,1240,1050 (br), 960 cm**; 'H NMR & 6.12 
(s, 2 H), 4.89 (AB q, J  * 7 H2 , 1 H), 4.59 (AB q, J  = 7 Hz, 1 H), 
4.38-4.18 (m, 1 H), 3.38 (s, 3 H), 3.18 (s, 3 H), 3.17 (s, 3 H). 3.15 
(s, 3 H), 3.14 (s. 3 H), 2.35-1.00 (m, 6 H).

To the crude product 12d (154.1 mg, 0.491 mmol) in acetone 
(15 mL) at -20 *C was added a 5% solution of HOAc (5 mL), and 
hydrolysis waa allowed to proceed for 48 h. Standard workup gave 
the mixture of monoketals 13d and 14d as a brown oil (120 mg, 
0.44 mmol, 91%). Integration of the methine hydrogen signals 
a t 6 4.68-4.58 and 4.48-4.43 showed the ratio of monoketals 
!3d/14d to be 3.5:1.0. Flash chromatography (2:1 PE/CH 2Cl2) 
yielded a pure sample of the two monoketals in addition to 
overlapping fractions. The major isomer 13d (41.0 mg, 31%) 
showed the following: IR (neat) 2940,1680,1650,1625,1295,1210, 
1150,1100,1060,1035,965 cm*1; lH NMR b 6.71 (AB q, J  = 10 
Hx, 1 H), 6.41 (AB q, J  -  10 Hz, I  H), 4.90 (AB q, J  «  6 Hx, 1 
H), 4.61 (partially obscured, 1 H), 4.60 (AB q, J  * 6 Hz, 1 H), 
3.43 (s, 3 H), 3.24 (s, 3 H), 3.20 (s, 3 H). 2.60-1.60 (ro, 6 H); mass 
spectrum, exact mass calcd for C|«H»0& m /e  268.1311, obsd m/e 
268.1296.

T he minor moncketal, 14d, showed the following: mp 68-69 
°C; IR (KBr) 2940,1680,1650.1290,1150,1100,1080,1065,1037 
cm*1; *H NMR b 6.71 (AB q, -  10 Hz, 1 H), 6.40 (AB q, «/** 
-  10 Hz, 1 H), 4.92 (AB q, -  7 Hz, 1 H), 4.64 (AB q, «/ab -  
7 Hz, 1 H), 4.58-4.30 (m, 1 H), 3.42 (s. 3 H). 3.24 (s, 3 H). 3.20 
(s, 3 H), 2.06-1.06 (m, 6 H); exact mass calcd for CuHjqO* m /e 
268.1311, obsd m/e 268.1296.

13e and  14e. Anodic oxidation (40 min, 0.8 A) of lOe (604.1 
mg, 2.93 mmol) in 2% CHjOH/KOH (75 mL) at 0 ®C was con
tinued until no starting material could be detected by TLC- The 
resulting solution was concentrated in vacuo and extracted with 
CHsClf (3 X 30 mL). Workup as usual gave 12e (760.5 mg, 95%) 
as a  clear oil: IR (film) 2930,1450,1280,1200,1060 (br), 1040, 
940 cm*1; >H NMR b 6.11 (s, 2 H), 3.19, 3.17, 3.13 (3 a, 12 H), 
2*0-1.35 (m, 7 H), 1.19 (d, J  -  7 Hz, 3 H); “C NMR b 139.6,136.4, 
132.4, 131.2, 95.9,94.9, 49.9 (q, 4 C), 30.3 (t), 26.0 (d), 21.4 (t),
19.9 (q), 16.3 (t).

A solution of 12e (415.8 mg, 1.55 mmol) in (C H ^^O  (20 mL) 
was cooled to -20 °C, and cold 5% HOAc (5 mL) was added. After 
48 h a t -20 *C the reaction was quenched with saturated NaHCOj 
(20 mL), and the reaction was worked up as usual to give a light 
yellow oil. The crude !H NMR spectrum showed 13e and 14e 
in the ratio 1.5:1 (integration of the methyl resonances at b 1.24 
(d, J  -  &74 Hz, 3 H) and 1.08 (d, J  -  7.2 Hz, 3 H)). The chemical 
transformations and separations of the products from this mixture 
are described in the supplementary material

13f an d  14f. Anodic oxidation (40 min, 0.8 A) of lOf (383.5 
mg. 1.74 mmol) in 2% CH,OH/KOH (75 mL) at 0 *C was con
tinued until the absorption for starting materia) (X^, 289 ntn) 
decreased to within 5% of its initial value. Concentration in vacuo 
and workup as usual afforded the crude bisketal 12f as a light 
yellow oil (441.3,90%), which was used directly in the next step: 
IR (film) 2940,2830.1300, U 6 0 ,1070 (br). 955 cm*1; lH NMR 
6.11 (s, 2 H). 3.19 (s, 3 H), 3.17 (s, 3 H). 3.14 (s, 3 H), 3.11 (s, 3 
H), 2*0-1.10 (m, 9 H), 0.87 (t, J  -  7 Hz, 3 H); ,SC NMR b 140.0,
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13&5,132A, 131.4.96^96.3, 60.4,50.2,60.1 (2 C), 33.0,24X  21.2,
16.0.11.9.

A eotution of 12f (441.3 mg, 1.56 mmol) in (CH«)|CO (20 mL) 
wm cooled to -20 *C, and cold 5% HOAc (6 mL) was added. After
2 days at -20 *C, aeturated NaHCOj (30 mL) « m  added, and the 
mixture waa worked up to afford a yellow oil (392 mg, 96%). 
Integration of the olefinic region of the lH  NMR spectrum gave 
a 3:1 mixture of ragioieotneric monoketals. H us was in qualitative 
agreement with the ratio of peak heights in the “C NMR spec* 
trum. The supplementary material describes the chemical 
transformations and separation of the  pure products from this 
mixture of monoketals.

13g and !4g. The anodic oxidation (40 min, 0.25 A) of lOg 
(191.9 mg, 062 mmol) in 2% CH|OH/KOH (75 mL) at 0 °C gave 
!2g (280.2 mg, 99%), which was used directly in the next step: 
IR (film) 2940,2830,1465,1390,1305,1245.1230,1070 (br), 960 
cm '1; ‘H NMR ft 6.20 (AB q, J  »  10 He, 1 H), 6.04 (AB q, J  *  
10 Hz, 1 H), 3.24 (s, 3 H), 3.15 (s. 3 H), 3.11 (s, 3 H), 3.09 (s, 3 
H), 2.80-1.25 (m, 8 H), 0.93 (d, J  “  7 Hz, 3 H), 0.82 (d. J  -  7 Hz,
3 H).

The monohydrolysia with (CH3)2CO (20 mL) and 5% HOAc 
(5 mL)) of 12g (240.2 mg, 0.81 mmol) at -20 “C was allowed to 
proceed for 48 h. Workup gave a light yellow oil (141 mg, 66%). 
The 'H  NMR spectrum of the crude reaction mixture showed 13g 
and 14g in the ratio 6.5:1 from intergration of the olefinic region. 
Flash chromatography (1:1 PE/CHjClj) yielded 13g and Mg in 
addition to overlapping fractions and quinone. Spectroscopic data 
for 13g showed the following: IR (film) 2930,1670,1640,1620,
1460,1370,1290,1210,1100,1060,960, 840 cm '1; >H NMR ft 6.62 
(AB q. J  *  10 Hz. 1 H), 6.36 (AB q, J  «  10 Hz. 1 H). 3.17 (s, 3 
H), 3.11 (s, 3 H), 3.00-1.30 (m, 8 H), 0.84 (d, J  -  6.8 Hz, 3 H), 
0.76 (d, J  «  7 Hz, 3 H); “ C NMR ft 184.8. 162.1,142B, 140.6,1323, 
95.5, 50.9, 50.6, 36.6, 30.0, 23.0 (2 C), 21.1, 18.9. 16.7; mass 
spectrum, exact mass calcd for CuHjjOj m /e 250.1497, obed m /e 
250.1526.

The minor isomer was not obtained pure.
13h and 14h. Electrolysis (0.5 h, 0.7 A) of lOh (234.3 mg, 0.95 

mmol) in 2% CHjOH/KOH (70 mL) a t  0 #C was followed by UV
until disappearance of X 291-nm absorption. Workup gave 12h
(289.9 mg, 97% crude) as a light yellow oil suitable for use in the 
next step: IR (neat) 2940,2820,1460,1390,1200,1090,1070 (br), 
960 cm '1; lH NMR ft 6.33 (AB q, J  -  10 Hz, 1 H), 5.99 (AB q, 
J  = 10 Hz, 1 H), 3.34 (s, 3 H), 3.15 (s, 3 H), 3.12 (s, 3 H). 3.02 
(s, 3 H), 2.5-1.0 (m, 7 H), 1.04 (s, 9 H); ,3C NMR ft 142.4, 137.7,
133.1.130.8.96.4.95.0.50.8, 50.7,50.3,49.0,40.3,34.7,31.2 (3 C), 
27.2, 20.0,17.3.

To the crude 12h (289.9 mg, 0.93 mmol) in (CHj)jCO (15 mL) 
at -20 *C was added 5% aqueous HOAc (5 mL), and the solution 
waa stored for 48 h. The crude JH NMR spectrum showed a 10.5:1 
mixture of monoketals (250 mg, 96%) as determined by inte
gration of the fert-butyl resonances a t ft 1.05 and 1.37. Flash 
chromatography (1:1 PE/CHjClj) gave 13h (147.6 mg, 57%): IR 
(neat) 2950.1675,1640,1365,1290,1280,1150,1100,1070 (br), 
965, 840 cm*1; *H NMR ft 6.65 (AB q, J  -  10 Hz, 1 H), 6.43 (AB 
q, J  -  10 Hz, I H), 3.26 (s. 3 H). 3.11 (3 H), 2.5-1.0 (m, 6 H), 0.87 
(i, 9 H); 1SC NMR ft 185.2,153.6,142.3, 140.1,132.7, 95.5, 51.0, 
50.7, 38.1,36.0, 29.3 (3 C), 23.6, 21.9,19.8; mass spectrum, exact 
mass calcd for C^H^Os m /e  264.1725, obsd m /e 264.1718.

The minor isomer could not be obtained pure, but its reduction 
product was characterized as described in the supplementary 
material.

lOi, 131, and  14i. A solution of 10a (H « OH, 0.665 g, 3.20 
mmol) in CH2Cl2 (10 mL) was added slowly to a -78 *C solution 
of diethylaminosulfur trifluoride (0.7 mL, 5.7 mmol) in CH2C12 
(5 mL). The reaction mixture was warmed to room temperature, 
and water was added. The product waa extremely labile, affording 
the elimination product and hydrogen fluoride on standing. 
Workup in the usual manner gave a yellow oil, which showed the 
following: IR (neat) 2930,2830, ioou, 1480,1460 (sh). 1440,1340, 
1310, 1300, 1090, 1060 cm '1; •H NMR ft 6.68-6.80 (m, 2 H), 5.4 
(br d. J Hr  “  49 Hz. 1 H), 3 84 (a, 3 H), 3.78 (s, 3 H), 3.20-1.05 
(m. 6 H); IJC NMR ft 129.0,128.8,110.8 ( J ^  -  4 Hz), 109.9,107.9 
(JHf -  2 Hz), 106.4, 86.4 (JMr * 164 Hz), 56.0, 55.6,28.9 (JHf « 
22 Hz), 22.9,16.2.

This product waa immediately dissolved in 2% KOH/CHjOH 
(50 mL) and electrolyzed at 0 *C (0.5 A, 45 min) to afford 121 after
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workup as a light yellow oil, which was crystallized from P E / 
CHfClj (76%; first crop (547.6 mg), aecond crop (93.4 mg), third 
crop (18.7 mg)): mp 52-615 *C; IR (KBr) 2940,2830,1205,1180, 
1070 (br), 960 cm'1; ‘H NMR ft 6.24 (br a, 2 H). 540 (br d, J w  
-  40 He, 1 H). 3.22 (a, 3 H). 3.20 <•, 6 H), 3.16 (a. 3 H), 2.45-1.20 
(m, 6 H); “ C NMR ft 144.2,143.9 (4 *  -  10 Hz), 132.7,131.7 128.2 
(Jh t “  22 Hz), 95.0,81.1 ( J „  -  164 Hz), 51.3,50.7 (2 C), 50.6 
(2 C), 288 (Juf ■ 20 Hx), 21.9 (Jkt * 4 Hz), 15.6; mass spectrum, 
exact mass calod for CuHnO^F m /e 272.1423, obsd m /e 272.1457.

To a solution of 121 (547.6 mg, 2.0 mmol) in  (CHj)20 —0  (15 
mL) a t -20 *C was added 5% HOAc (5 mL), and the reaction 
mixture was stored for 48 h. Workup gave a  mixture of two 
monoketals as a light yellow oil. Flash chromatography (neutral 
aluminum oxide. Activity III, CHjCU did not afford a  separation 
but yielded from integration of the **F NMR signals (two triplets 
with extensive additional coupling, J  40 Hz at ft -158.4 (13J) 
and -151.2 (14))) a 20.5:1 mixture of 13i and 14i as a dear oil (393.7 
mg, 1.75 mmol, 88%). The spectroscopic data for 131 were ob
tained from the above mixture: IR (film, neat) 2940,1680,1650,
1635,1405,1290,1210,1100,1040,960, 905 cm'1: 'H NMR ft 6.77 
(AB q, J  * 10 Hz, 1 H), 6.46 (AB q, J  « 10 Hz, 1 H). 5.65 (d of 
m, Jh,  -  46 Hz, 1 H), 3.21 (s. 6 H), 2.73-1.05 (m, 6 H); ,3C NMR 
ft 183.0,157.50 (Jcr * 6 Hz), 143.1, 133.1 (Jcf  * 16 Hz), 132.1,
94.8,79.9 (Jcf = 166 Hz), 51.0,50.9.28.1 (JCF = 22 Hz), 23.1 (Jcf 
*> 2 Hz), 15.7; mass spectrum, exact mass calcd for C^H^OjF m/e 
226.1005, obsd m /e  226.1015.

13j and 14). Anodic oxidation (40 min, 0.2 A) of lOj (0.198 
g, 1.04 mmol) in 75 mL of 1% KOH/CHaOH at 0 °C was con
tinued until TLC showed no remaining starting materia). Workup 
as usual afforded the bisketal 12} as a Ught brown oil (0.21 g, 80%), 
which was used directly in the next step: IR (film, neat) 2940,
2820.1460.1390.1300.1285.1205.1150.1070 (br), 960 c m 1; ‘H 
NMR ft fi.3-6.8 (m. 4 H), 3.20 (s, 12 H). 2.23 (br s. 4 H>.

To a solution of 12j (210 mg, 0.83 mmol) in (CH3)2C—0  (20 
mL) a t -20 *C was added 5% HOAc (0.5 mL), and the reaction 
mixture was stored for 48 h. Workup gave a mixture of two 
monoketals as a brown oil. Integration of the racthoxy region 
(ft 3.20 and 3.25) showed the Mj/13) ratio to be 5:1. Flash 
chromatography (3:1 CH3CI2/PE) gave pure 14j: IR (film, neat) 
2940,2830,1670.1640,1630,1460,1440,1390,1300,1280,1210,
1150.1070 (br), 950 cm 1; lH NMR ft 6.61 (Jab *  10 Hz, 1 H), 6.35 
(Jab “  10 Hz overlapping with a broad singlet at ft 6.28, total area 
3 H), 3.20 (s, 6 H), 2.8-2.0 (br m, 4 H); 13C NMR ft 184.6 (s), 145.2 
(s), 141.8 (d), 135.7 (d), 132.3 (d). 131.3 (s), 122.2 (d), 94.7 (s). 51.0 
(2 C, q), 22.4 (t), 17.7 (t); mass spectrum, exact mass calcd for 
C12HhOs m /e  206.0943, obsd m /e  206.0948.

The minor monoketal was not obtained pure.
13k and 14k. The anodic oxidation (2 h, 0.15 A) of 10k (425 

mg, 2.06 mmol) in 2% CHjOH/KOH (75 mL) at 0 #C (divided 
cell) gave 12k (590 mg. 96%), which waa used directly in the next 
step: IR (film) 2940, 2860, 1205,1100, 1065 (br), 950 cm '1; 'H 
NMR ft 6.08 (s, 2 H). 5.8-5.65 (m. 1 H). 3.23 (s, 3 H). 3.20 (s, 3 
H). 2.4-1.7 (m, 7 H).

The monohydrolysis f(CH*)jCO (20 mL) and 5% HOAc (5 mL)} 
of 12k (590 mg, 1.99 mmol) at -20 °C was allowed to proceed for 
48 h. Workup gave the mixture of monoketals as a light yellow 
oil (400 mg, 91%). The lH NMR spectrum of the crude reaction 
mixture showed 13k and 14k in the ratio 1:8.5 from integration 
of the methoxy region. Flash column chromatography (CH2C12 
as eluant) gave 14k (220 mg. 50%) and a mixture of 13k and 14k 
(170 mg, 39%). Spectroscopic data for 14k showed the following: 
IR (film) 2940.1670,1630,1300,1100,1060 (br) cm '1; *H NMR 
ft 6.55 (AB q, J  « 10 Hr, 1 H), 6.39 (AB q, J  = 10 Hz, 1 H), 6 2-5.9 
(m. 1 H), 3.20 (s. 6 H), 2.6-1.7 (ra, 7 H); ,JC NMR 6 184.9,145.6,
143.3, 133.9, 133.1, 132.5, 131.2, 96.4, 50.7 (2 C). 22.4, 20.1, 18.9; 
mass spectrum, exact mass calcd for C,3Hl60 3 m /e  220.1093, obed 
m /e  220.1096.

General P rocedure for Kinetics of B isketal Hydrolysis.
To a 22 *C solution of 0.25 mL of 1.71 M aqueous acetic acid (pH 
2.2) in a UV cell in the thermoetated chamber of a Beckman DU-7 
ultraviolet spectrometer was added 1.5 mL of a 22 °C solution 
of the bisketal in THF, giving a resulting solution of pH 4.2. The 
final concentration of bisketal was (3.8-17.1) x 10 4 M, and the 
rate constants were within experimental error when the initial 
concentration of biaketal was changed by a factor of 3 (compound 
12b). The ratea were monitored by observing the increase in
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optical density at the appropriate wavelengths, usually 315 and 
295 nm. The rate constants were determined from the slope of 
a plot of log A /A 0 vs. time by using the infinity optical density 
for the value of A0. The plots showed excellent linearity up to 
three to four half-lives. Representative data are given in the 
supplementary material. The rate constants were readily re
producible within 15% and should be accurate within 110%.
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EXPERIMENTAL

N ote :  A ra b ic  num bers  a r e  u se d  f o r  s t r u c t u r e s  t h a t  a l s o  a p p e a r  i n

t h e  t e x t .  Roma n n u m e r a l s  a r e  u s e d  f o r  s t r u c t u r e s  w h i c h  

a p p e a r  o n l y  i n  t h e  E x p e r i m e n t a l  S e c t i o n .

S t r u c t u r e  P r o o f  f o r  13b and  I4b

(OMe)2
D N a B H ^

2)HCI

DNaBH^ 

2} HCI

MeO
BCL

13a I I

MeO O 

9

I .  The  r e d u c t i o n  o f  1 3 a  (21 ,5  mg, 0 .1 1 2  mmol)  i n  EtOH (20  mL) w i t h  

NaBH^ ( 0 . 2 5  g,  e x c e s s )  w a s  f o l l o w e d  by  q u e n c h i n g  t h e  r e a c t i o n  w i t h  5% 

HCI t o  a f f o r d  a f t e r  workup  and f l a s h  c h r o m a t o g r a p h y  [PE/CH2 C I 2  (1:1) ] I  

( 17 . 2  mg, 8 8 %): mp 6 5 - 6 6  °C IR (KBr) 3 5 0 0 - 3 1 0 0 ,  14 7 0 ,  1 4 6 0 ,  14 40 ,  

13 4 0 ,  1 2 5 0 ,  1 2 3 0 ,  122 8  ( s h ) ,  1090 ,  7 90 ,  7 80 ,  730 ,  690  c m ' 1 ; 1H NMR 

(CDCI 3 ) S 6 .6 9  (d o f  t ,  J  = 10,  2 Hz, 1 H) o v e r l a p p i n g  6 .5 9  ( s ,  2 H), 

6 .06  ( s t r u c t u r e d  m, 1 H),  4 .4 2  ( s ,  1 H ) , 2 .7 6  ( s ,  3 H), 2 . 9 - 2 . 5  ( s t r u c -

1 0
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t u r e d  m, 2 H), 2 . 5 - 2 . 0  (m, 2 H ) ; m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

C11H12°2 176.0838,  ob sd  176.0833.

II. A s o l u t i o n  o f  9 ( 0 . 5 9  g,  2 .87  mmol)  i n  CH2 C I 2  (25 mL) was  

c o o l e d  t o  - 7 0  °C,  a n d  1 M B C I 3  ( 17 .2  mL, 8 .23  mmol)  i n  CH2 C12  w as

added.  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  15 min,  CH3 OH (10 mL) was

added,  and t h e  m i x t u r e  was w or ke d  up a s  u s u a l  t o  a f f o r d  a l i g h t  y e l l o w  

s o l i d .  F l a s h  c h r o m a t o g r a p h y  (CH2 C I 2 ) g a v e  I I  ( 0 . 5 0 4  g,  91%). R e c r y s 

t a l l i z a t i o n  (CH2 CI 2 /PE) gave l i g h t  y e l l o w  c r y s t a l s :  mp 91-92 .2 °C; IR

(KBr) 1640, 1460,  1435, 1330, 1300,  1270, 1210, 1185, 1175 c m ' 1 ; 1H NMR

(CDCI 3 ) & 1 1 .7 9  ( s ,  1 H), 7 .0 5  (AB q,  J  = 9 Hz, 1 H), 6 .76  (AB q,  J  = 9 

Hz, 1 H),  3 .78  ( s ,  3 H ) , 2 .87  ( t ,  J  = 6  Hz ,  2 H ) , 2 .6 6  ( t ,  J  = 6  Hz, 2 

H), 2 . 1 - 1 . 7  ( 5 - l i n e  m, 2 H ) ; 1 3 C NMR (CDCI 3 ) 6 2 0 5 . 1 ,  15 6 .4 ,  1 4 8 .5 ,  

1 3 2 . 7 ,  1 2 0 . 1 ,  1 1 7 . 0 ,  1 1 4 . 7 ,  5 6 . 3 ,  3 8 . 6 ,  2 2 . 8 ,  2 2 .0 ;  m a s s  s p e c t r u m ,

e x a c t  mass c a l c d  f o r  m/e  192.0786,  ob sd  192.0783.

Authentic Synthesis of I. A m i x t u r e  o f  II ( 2 1 .5  mg, 0 .112  mmol)  

i n  EtOH (20 mL) was  r e d u c e d  w i t h  NaBH^ (0 .25  g,  e x c e s s )  i n  a m a n n e r  

s i m i l a r  t o  t h a t  f o r  1 3 a  n o t e d  a b o v e  t o  g i v e  a f t e r  w o r k u p  a n d  f l a s h  

c h r o m a t o g r a p h y  ( 1 : 1  PE/CH 2 C I 2 ) I I  ( 1 7 .2  mg, 8 8 %) i d e n t i c a l  t o  t h e  

p r o d u c t  o b t a i n e d  f rom t h e  e l e c t r o l y s i s  r o u t e .

Structure Proof for 13c and 14c
The m o n o k e t a l s  13c a n d  14c c o u l d  n o t  b e  r e a d i l y  s e p a r a t e d  b y  

ch r o m a to g r a p h y ,  b u t  t h e i r  r e d u c t i o n  p r o d u c t s  III and IV w ere  s e p a r a t e d  

b y  c h r o m a t o g r a p h y .  The a s s i g n m e n t  o f  t h e  m a j o r  r e g i o s i s o m e r  a s  13c



1 2

f r o m  t h e  h y d r o l y s i s  r e s t s  on  t h e  d o w n f i e l d  s h i f t  o f  t h e  h y d r o x y l  group 

i n  I I I  ( 6  -  7 . 6 8 ,  s h a r p  s i n g l e t )  v s .  t h a t  s am e  s i g n a l  f o r  a non -  

i n t r a m o l e c u l a r  h y d r o g e n - b o n d e d  h y d r o x y l  g r o u p  i n  IV ( S  4 . 3 8 ,  b r o a d  

s i n g l e t ) .

(OMe)
IJNaBH

(OMe)26si(f-Bu)(Me)Si(£-Bu)(Me)

MeO OSi(t-Bu)(Me)HO OSi(t-Bu)(Me)

Structure Proof for 13c and 14c. T he  m i x t u r e  o f  m o n o k e t a l s  13c 

a n d  1 3 b  i n  EtOH (10 mL) w a s  r e d u c e d  w i t h  NaBH^ (0 . 2 5  g,  e x c e s s )  and 

w o r k e d  up t o  y i e l d  a l i g h t  y e l l o w  o i l .  F l a s h  c h r o m a t o g r a p h y  [PE/CH2 Cl 2  

( 3 : 1 ) ]  ga ve  I I I  (1 2 1 .8  mg, 73%) a n d  IV ( 2 3 . 7  mg, 14%). S p e c t r o s c o p i c  

d a t a  f o r  I I I  showed: IR ( f i l m )  3600-3100,  2940, 2860,  1480, 1465 (sh),

1440,  1250 ( b r ) ,  1100,  1075, 1040,  875, 830,  800, 780,  730 cm"1 ; NMR

5 7 .6 8  ( s ,  1 H),  6 .67  ( s ,  2 H),  5 . 3 0 - 5 . 0 0  ( b r  t ,  1 H ) , 3 .74  ( s ,  3 H) ,

2 . 8 - 1 . 5  (m, 6  H),  0 .93 ( s ,  9 H ) , 0 .24  ( s ,  3 H). 0 .18  ( s ,  3 H ) ; 1 3 C NMR

(CDCI 3 ) S 15 0 .3  ( 2 C ) , 1 2 7 . 0 ,  1 25 . 0 ,  1 1 3 . 2 ,  1 1 0 .3 ,  7 1 .0 ,  5 5 .8 ,  32.7,
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25 .8 ,  2 3 . 4 ,  1 9 .9 ,  1 8 .0 ,  - 3 . 0 ,  - 4 . 5 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

C17H2 8 ° 3 S i  S / 3 .  308.1807,  obsd 308.1762.

S p e c t r o s c o p i c  d a t a  f o r  I V  s h o w e d :  I R  ( f i l m )  3 6 0 0 - 3 1 0 0 ,  29 40 ,

2860 ,  1 4 7 5 ,  14 60 ,  1 4 4 0 ,  1260 ,  1 2 5 0 ,  10 95 ,  1 0 8 3 ,  10 3 0 ,  9 6 5 ,  830,  800 ,  

770 ,  730  c m ' 1 ; 1H NMR (CDCI 3 ) 6 6 . 6 4  (AB q ,  J  = 8  Hz, 1 H ) , 6.57 (AB q, 

J -  8  Hz,  1 H),  5 . 2 1 - 5 . 0 0  (m, 1 H ) , 4 .38 ( b r  s ,  1 H ) , 3 . 75  ( s ,  3 H ) , 

1 . 7 2 - 1 . 4 2  (m, 6 H), 0 . 86  ( s ,  9 H ) , 0.16 ( s ,  3 H ) , 0 . 04  ( s ,  3 H) ; 1 3 C 

NMR 5 1 5 1 . 8 ,  147 . 0 ,  1 2 8 . 5 ,  1 2 5 . 1 ,  113 . 4 ,  1 0 7 . 4 ,  61. 6,  54 . 8 ,  31 . 4 ,  25.9 

(3C) ,  2 3 . 0 ,  18 . 2 ,  15 . 6 ,  - 4 . 5 ,  - 5 . 1 .

S t r u c t u r e  P r o o f  f o r  13e a n d  14e

(OMe)

( O M e ) ^

13e, R = Me 14e-f
f ,  R = Et

g ,  R = i - P r
h,  R = i - B u

IJNaBH.,

2)H30 +
3)NaH

4)PhCH2Br

MeO PhCH2

*  C X >  f
PhCH20  R CH3

V e - f V l e - f

2)PhCH,Br
P h C H ,0  O

C o n v e r s i o n  o f  1 3 e  t o  Ve a n d  1 4 e  t o  V i e .  To a m i x t u r e  o f  13e  a n d  

1 4 e  ( 3 3 0 . 8  mg, 1 .72  mmol)  i n  EtOH (10 mL) w a s  a d d e d  NaBH^ (0 .5 g,
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e x c e s s ) ,  a n d  t h e  r e a c t i o n  w a s  a l l o w e d  t o  p r o c e e d  f o r  30 min.  The  

r e a c t i o n  was  t h e n  quenched  w i t h  5% HCI (3 mL) and w o rk e d  up as u s u a l  t o  

a f f o r d  a  m i x t u r e  o f  two p h e n o l s .  The NMR s p e c t r u m  o f  t h e  m i x t u r e  

s h o w e d  m e t h y l  r e s o n a n c e s  a t  S  1 .23 a n d  1 .1 8  ( J  -  7 H z ) ,  r e p r e s e n t i n g  

t h e  tw o  i s o m e r s  i n  t h e  r a t i o  1 .5 : 1 .  F l a s h  c h r o m a t o g r a p h y  (CH2 C I 2 ) 

a f f o r d e d  t h e  m a j o r  i s o m e r :  mp 88-87 °C; IR ( f i l m )  3600-3100.  2920,

2 8 6 0 ,  14 8 0 ,  1 4 6 0 ,  1440 ,  1 3 2 0 ,  1265 ,  1 2 5 0 ,  11 2 0 ,  1090 ,  1 0 5 0 ,  1000,  795 ,  

720  c m " 1 ; 1H NMR S 6 .55  ( s ,  2 H ) , 4 .5 0  ( s ,  1 H ) , 3 .75  ( s ,  3 H), 3 . 4 - 1 . 5  

(m, 7 H ) , 1 . 2 5  (d,  J  = 7 .0  Hz,  3 H); m a s s  s p e c t r u m ,  e x a c t  mass  c a l c d  

f o r  C1 2 H1 6 0 2  m /e  192.1150,  o b s d  192.1174.

The m i n o r  i s o m e r  w a s  o b t a i n e d  a s  a  9 0 : 1 0  m i x t u r e  w i t h  t h e  m a j o r  

i s o m e r ,  a n d  t h e  s p e c t r o s c o p i c  d a t a  a r e  r e p o r t e d  f r o m  t h i s  m i x t u r e ,  

n e g l e c t i n g  p e a k s  a r i s i n g  f r o m  t h e  m a j o r  i s o m e r :  IR (KBr)  3 6 0 0 - 3 1 0 0 ,

2920,  2860, 1480,  1450, 1440,  1370, 1350, 1330, 1310, 1270,  1240, 1080, 

1 0 2 5 ,  940 ,  7 9 5 ,  720 c m ' 1 ; XH NMR 5 6 .5 7  ( s ,  2 H ) , 4 .2 7  ( s ,  1 H), 3 .76  

( s ,  3 H ) , 3 . 3 - 1 . 5  (m, 7 H ) , 1 .18 (d,  J  -  7 Hz, 3 H ) ; m a s s  s p e c t r u m ,  

e x a c t  mass c a l c d  f o r  c i 2 ^ 1 6 ° 2  m/ e 192.1150,  obsd  192.1163.

The m a j o r  p h e n o l  f r o m  a b o v e  ( 1 7 . 7  mg, 0 .07 7  mm ol)  a n d  s o d i u m  

h y d r i d e  (3 .4  mg, 1.1 e q )  i n  THF (10 mL) w e r e  s t i r r e d  u n t i l  h y d r o g e n  

e v o l u t i o n  c e a s e d ,  t h e n  b e n z y l  b r o m id e  (13.7 mg, 0,08 mmol) was added,  

an d  th e  s o l u t i o n  was h e a t e d  t o  r e f l u x  f o r  2 h. Quenching  th e  r e a c t i o n  

w i t h  H2 O and workup as  u s u a l  gave  a y e l l o w  o i l  which  f u r n i s h e d  on f l a s h  

c h r o m a t o g r a p h y  ( 3 : 1 ,  PE/CH 2 C I 2 ) Ve (2 0 . 8  mg, 96%) i d e n t i c a l  w i t h  a n  

a u t h e n t i c  s am pl e .

The m i n o r  p h e n o l  (25.0 mg, 0.13 mmol) f rom above ( a  90:10  m i x t u r e )  

a n d  NaH (5 .8  mg, 1.1 e q u i v )  i n  d r y  THF (1 5  mL) w e r e  r e a c t e d  a s  a b o v e
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w i t h  b e n z y l  b r o m id e  (23.3 mg, 1.05 e q u i v ) ,  a n d  the  s o l u t i o n  was h e a t e d  

t o  r e f l u x  f o r  12 h. The r e a c t i o n  was q u e n c h e d  w i t h  w a t e r  (2.0 mL), a n d  

t h e  m i x t u r e  was  c o n c e n t r a t e d  i n  vacuo a n d  e x t r a c t e d  w i t h  CH2 CI 2  (3 x 30 

mL) t o  a f f o r d ,  a f t e r  t h e  u s u a l  workup, a  y e l l o w  o i l .  F l a s h  chromatog

r a p h y  [CH2 C I 2 /P E  ( 1 : 3 ) ]  g a v e  a ca  9 0 : 1 0  m i x t u r e  o f  V e  a n d  V i e  ( 2 1 . 0  

mg, 57%). T h i s  e s t a b l i s h e d  t h a t  the  s p e c t r o s c o p i c  p r o p e r t i e s  of  t h e  

m i n o r  i s o m e r  c o u l d  be  r e a d i l y  d i f f e r e n t i a t e d  f ro m  t h e  m a j o r  i s o m e r .  

The ca .  9 0 : 1 0  m i x t u r e  s h o w e d :  I R ( f i l m )  2 9 2 0 ,  2870,  1 6 0 0 ,  1500, 1460

( b r ) ,  1 3 4 0 ,  1 3 2 0 ,  1250,  1 1 0 0 ,  1065,  1 0 4 0 ,  7 9 0 ,  730,  695  c m ' 1 ; XH NMR 

(CDCI 3 ) 8 7 . 6 - 7 . 2 4  (m, 5 H ) , 6 .6 4  ( b r  s ,  2 H ) , 5.00 ( s ,  2 H ) , 3.78 ( s ,  

3 H ) , 3 . 5 - 1 . 2  (m, 7 H), 1 . 2 0  ( d ,  J  = 7 Hz,  3 H ) ; mass  s p e c t r u m ,  e x a c t  

mass  c a l c d  f o r  S ' / e  282.1620,  o b s d  282.1646.

V I I .  A m i x t u r e  o f  I I  ( 384  mg, 2 m m o l ) ,  60% NaH (85  mg, 1 .1 

e q u i v ) ,  THF ( 2 0  mL), a n d  b e n z y l  b r o m i d e  (3 41  mg, 1 . 0 5  e q u i v )  wa s  

r e a c t e d  a s  a b ov e  f o r  12 h.  Workup and f l a s h  c h r o m a t o g r a p h y  [CH2 CI2 /PE 

( 1 : 3 ) ]  g a v e  V I I  (519.0  mg, 92%): IR ( f i l m )  2940,  1 6 8 5 ,  1590 ,  1470,  

1440,  1270, 1250,  1090, 1030,  785, 695; XH NMR (CDCI3 ) 8  7 .7 -7 .24  (m, 5 

H),  6 .92 (AB q ,  J  -  9 Hz, 1 H ) , 6.83 (AB q ,  J  -  9 Hz, 1 H) , 5.11 ( s,  2 

H),  3.80 ( s ,  3 H), 2.88 ( t ,  J  = 6  Hz, 1 H) , 2 .64  ( t ,  J  = 6  Hz, 2 H), 

2 . 0 6  ( s t r u c  m, 2 H) ; mass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  m/e

2 8 2 . 1 2 5 6 ,  o b s d  282.1262.

Ve f r o m  V I I .  A s o l u t i o n  o f  V I I  ( 4 4 .2  mg,  0.157 m m o l)  i n  dry THF 

(1 5  mL) w a s  c o o l e d  t o  - 7 0  ° C ,  a n d  1.5 M CH3 L i  (0.12 mL) w as  added.  

A f t e r  s t i r r i n g  f o r  10 m in  t h e  r e a c t i o n  w a s  q u e n c h e d  b y  a d d i t i o n  o f  

w a t e r  (2 mL). Workup a s  u s u a l  gave  a y e l l o w  o i l  w h i c h  was  f l a s h



16

c h r o m a t o g r a p h e d  (CH2 CI 2 ) t o  g iv e  t h e  a l c o h o l  (45.2 mg, 97%) a s  a c o l o r 

l e s s  o i l :  IR ( f i l m )  3 6 0 0 - 3 4 0 0 ,  2 9 3 0 ,  14 7 0  ( b r ) ,  1 2 4 5 ,  1 0 6 0  c m ' 1 ; 1H

NMR & 1 . 5 - 1 A  (m, 5 H ) , 6 .76  (AB q ,  J  -  8  Hz,  1 H), 6 .6 4  (AB q, J  = 9 

Hz, 1 H),  5 . 1 0  ( s ,  2 H), 4 .66  ( s ,  1 H ) , 3 .76  ( s ,  3 H), 3 . 0 - 1 . 5  (m, 6  

H ) , 1 .62  ( s ,  3 H ) ; m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  ElZ®

2 9 8 . 1 5 6 9 ,  o b s d  298.1612.

To a  m i x t u r e  o f  t h e  above a l c o h o l  (43.1 mg, 0.145 mmol) and E t 3 SiH 

(1 .5  mL, e x c e s s )  was  a d d e d  CF3 CO2 H (3 mL). A f t e r  s t i r r i n g  f o r  10 min  

t h e  r e a c t i o n  m i x t u r e  was c o n c e n t r a t e d ,  and  t h e  c ru d e  p r o d u c t  was f i l 

t e r e d  t h r o u g h  s i l i c a  g e l  [PE/CH 2 C1 2  ( 1 5 : 1 )  a n d  t h e n  PE/CH 2 C l 2  ( 3 : 1 ) ]  

t o  g i v e  Ve (35.2 mg, 87%), showing  i d e n t i c a l  s p e c t r o s c o p i c  p r o p e r t i e s  

t o  t h e  m a j o r  b e n z y l  e t h e r  f rom t h e  e l e c t r o l y s i s  r o u t e :  IR ( f i l m )  2920, 

28 50  ( s h ) ,  14 70  ( b r ) , 1460 ,  12 5 0 ,  1 0 9 0 ,  1 0 6 0 ,  1 0 4 0 ,  79 0 ,  725 c m ' 1 ; XH 

NMR S 7 . 6 4 - 7 . 2 4  (m, 5 H), 6 .67  (AB q ,  J  -  8  Hz, 1 H), 6 .6 1  (AB q, J  = 8  

Hz, 1 H) ,  5 .05  ( s ,  2 H), 3 .78  ( s ,  3 H ) , 3 . 5 - 1 . 5  (m, 7 H ) , 1 .2 8  (d,  J  = 

7 Hz,  3 H); 1 3 C NMR (CDCI 3 ) 6 1 5 1 .7 .  1 5 0 . 6 ,  1 4 4 . 8 ,  1 3 8 . 1 ,  1 3 3 . 0 ,  128.5 

( 2 C ) , 1 2 7 . 6 ,  12 7 .0  (2C) ,  1 0 8 .3 ,  1 0 6 . 7 ,  7 0 . 2 ,  5 5 . 5 ,  2 9 . 5 ,  2 6 . 9 ,  23 .5,

20.9,  17.0; mass  sp e c t r u m ,  e x a c t  mass c a l c d  f o r  C3gH2202 282.1619,

o b s d  282 .1638.

S t r u c t u r e  P r o o f  f o r  1 3 f  and  1 4 f

C o n v e r s i o n  o f  1 3 f  t o  V f  a n d  1 4 f  t o  V l f .  A m i x t u r e  o f  t h e  c r u d e  

m o n o k e t a l s  f rom above  (347.8 mg, 1.59 mmol) i n  EtOH (10 mL) was  t r e a t e d  

w i t h  NaBH^ (0 .35  g) t o  g i v e  a f t e r  w o r k u p  a l i g h t  y e l l o w  o i l .  F l a s h  

c h r o m a t o g r a p h y  [PE/CH2 C l 2  (3:2)  and  t h e n  CH2 C I 2 ] a f f o r d e d  p u r e  samples  

o f  b o t h  p h e n o ls .
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T h e  m a j o r  p h e n o l  s h o w e d :  IR  (KBr)  3 6 0 0 - 3 1 0 0 ,  2 9 6 0 ,  2 9 3 0 ,  28 70 ,

1 4 8 1 ,  1 4 6 0 ,  1440 ,  1 4 2 5 ,  1280 ,  1 2 6 0 ,  1 2 5 0 ,  1 0 8 0 ,  9 6 5 ,  8 0 0 ,  7 9 5 ,  720  cm" 

1 ; 1H NMR 6 6 .5 4  ( s ,  2 H ) , 4 .27  ( s ,  1 H),  3 .7 4  ( s ,  3 H ) , 3 . 0 0 - 1 . 4 0  (m, 

9 H),  0 . 9 9  ( t ,  J  = 7 Hz,  3 H ) ; 1 3 C NMR (CDCI 3 ) 8 1 5 1 . 4 ,  1 4 7 . 1 ,  1 3 0 . 2 ,

1 2 6 . 9 ,  1 1 1 . 7 ,  1 0 7 . 5 ,  5 5 .6 ,  33 .9 ,  2 6 . 4 ,  24 .3 ,  2 3 . 2 ,  1 6 . 8 ,  1 2 . 3 ;  m a s s

s p e c t r u m ,  e x a c t  mass  c a l c d  f o r  C^H^gOg m/e 206.1307,  o b s d  206.1310.

The  m i n o r  p h e n o l  s h o we d :  I R ( f i l m )  3 6 0 0 - 3 1 0 0 ,  2 9 3 0 ,  2860 ,  1460

( b r ) ,  1 2 5 0 ,  1.090, 1 0 5 0 ,  795,  720 c m ' 1 ; XH NMR <5 6 . 57  ( s ,  2 H),  4 . 3 6  ( s ,

1 H),  3 .7 5  (3 H), 3 . 1 - 1 . 2  (m, 9 H ) , 0 .9 5  ( t ,  J  = 7 Hz,  3 H ) ; 1 3 C NMR 8

1 5 1 . 5 ,  1 4 7 . 2 ,  1 3 2 . 5 ,  1 2 4 . 2 ,  11 1 .3 ,  1 0 7 . 9 ,  5 5 .7 ,  3 3 . 6 ,  2 6 . 6 ,  2 4 . 2 ,  23 .1 ,  

16.8,  12.5;  mass s p e c t r u m ,  e x a c t  m ass  c a l c d  f o r  C- 3̂ H-^g0 2  m/e 206.1307,  

o b s d  206 .12 60 .

The  m a j o r  p h e n o l  f r o m  ab o v e  ( 5 7 . 1  mg, 0 .2 7 7  mm ol)  i n  THF (15  mL) 

was b e n z y l a t e d ,  u s i n g  sodium h y d r i d e  (0.31 mmol) a nd  b e n z y l  b r o m id e  

( 5 0 . 4  mg, 1 .05  e q u i v )  a s  abo v e .  W ork up  g a v e  a l i g h t  y e l l o w  o i l  w h i c h  

was p u r i f i e d  by f l a s h  c h r o m a to g r a p h y  [PE/CH2 CI 2  ( 5 :1  and  1 :1) ]  t o  g i v e  

V f  ( 5 3 . 7  mg, 6 6 %): I R  ( f i l m )  29 30 ,  2 8 6 0 ,  1475 ,  1 4 6 0 ,  1 4 4 0 ,  1 2 5 0 ,  10 95 ,

1 0 2 0 ,  7 9 0 ,  730 ,  690  c m ' 1 ; 1H NMR & 7 . 5 0 - 7 . 2 4  (m, 5 H ) , 6 .7 0  (AB q,  J  =

9 Hz,  1 H),  6 .60  (AB q ,  J  = 9 H z , 1 H),  5 .04  ( s ,  2 H ) , 3 .78  ( s ,  3 H),

3 . 1 5 - 1 . 1 5  (m, 9 H),  0 .9 6  ( t ,  J  -  7 Hz,  3 H); 1 3 C NMR (CDCI3) 8 15 1 . 6 ,

1 5 0 . 5 ,  1 3 8 . 0 ,  1 3 2 . 9 ,  1 2 8 . 4  (2C) ,  1 2 7 . 5 ,  126. 9  (2C) ,  1 0 8 . 3 ,  1 0 6 . 5 ,  70 . 1 ,

5 5 .5 ,  3 3 . 8 ,  26 . 8 ,  2 4 . 2 ,  23 .3 ,  1 7 . 0 ,  1 2 . 5  (one  c a r b o n  m i s s i n g ) ;  ma s s

s p e c t r u m ,  e x a c t  mass c a l c d  f o r  C2 0 H2 4 O2  m/e  296 .1776,  o b s d  296.1788.

T h e  m i n o r  p h e n o l  f r o m  a b o v e ,  ( 3 . 8 3  mg, 0 . 1 8 6  m m o l ) ,  60% NaH (8.3 

mg, 1 .1  e q u i v ) ,  THF (1 5  mL), a n d  b e n z y l  b r o m i d e  (33  mg, 1 .05  e q u i v )  

were  r e a c t e d  as  above .  F l a s h  c h r o m a t o g r a p h y  [PE/CH2 C I 2  (5:1 and  t h e n
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1 : 1 ) ]  g a v e  V l f  ( 3 9 . 8  mg, 72%): IR ( f i l m )  2 9 3 0 ,  2860 ,  1 4 7 5 ,  1460,  1 4 4 0 ,

1 2 5 0 ,  1 0 9 5 ,  1 0 7 0 ,  7 9 0 ,  730 ,  690 c m ' 1 ; XH NMR 6 1 . 6 0 - 1 . 2 ^  ( m ,  5 H ) , 6 . 6 4  

( b r  s ,  2 H), 5 . 0 0  ( s ,  2 H ) , 3 .77 ( s ,  3 H ) , 3 . 2 0 - 1 . 2  (m, 9 H), 0 .9 7  ( t ,

J  -  7 ,  3 H); 1 3 C NMR S 15 1 .7 ,  1 5 0 . 6 ,  1 3 8 . 0 ,  1 32 .6 ,  1 2 8 . 5  (2C),  1 2 7 . 6 ,

1 2 7 . 4 ,  127 .2  ( 2 C ) , 1 08 .2 ,  1 0 7 . 0 ,  7 0 .2 ,  5 5 . 6 ,  33 .7 ,  2 6 . 7 ,  24 .3 ,  2 3 . 5 ,

17.0,  12.5; mass s p e c t r u m ,  e x a c t  mass  c a l c d  f o r  C2 0 H2 4 O2  m/e  296.1777,

o b s d  296 .1735.

V f  f r o m  V I I .  To a -77  °C s o l u t i o n  o f  V I I  (1 2 2 .7  mg,  0 .435 m m ol )  

i n  THF (15 mL) w a s  a d d e d  e t h y l  m a g n e s i u m  b r o m i d e  ( 0 . 2 3  mL o f  3M 

s o l u t i o n  i n  THF). The r e a c t i o n  w a s  s t i r r e d  f o r  l h  a n d  t h e n  w o r k e d  up  

a s  u s u a l  t o  y i e l d  a  l i g h t  y e l l o w  o i l .  F l a s h  c h r o m a t o g r a p h y  (CH2 C I 2 ) 

g a v e  t h e  a l c o h o l  ( 74 .2  mg, 32%). R e c r y s t a l l i z a t i o n  g a v e  c o l o r l e s s  

c r y s t a l s :  mp 92 .5 -9 4  °C; IR ( f i l m )  3600-3460,  2940, 28 00 ,  1480, 1465,

1 4 4 0 ,  1 3 9 8 ,  1 3 4 0 ,  12 5 0 ,  1090 ,  1 0 6 5 ,  1055 ( s h ) ,  730,  700  c m ' 1 : 1H NMR 6 

7 .3 8  ( s ,  5 H), 6 . 7 4  (AB q ,  J  -  9 Hz,  1 H ) , 6 .63  (AB q ,  J  = 9 Hz, 1 H ) , 

5 .0 8  ( s ,  2 H),  4 . 3 3  ( b r  s ,  1 H), 3 .75 ( s ,  3 H ) , 2 . 8 - 1 . 0  (m,  8  H ) , 0 . 8 5  

( t ,  J  = 7 Hz, 3 H); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  ^ 2 0 ^ 2 ^ 3  m / e  

3 1 2 . 1 7 2 6 ,  o b s d  312.1690.

R e d u c t i o n  o f  t h e  above a l c o h o l  (72.4 mg, 0.23 mmol) w i t h  t r i e t h y l -  

s i l a n e  i n  t r i f l u o r o a c e t i c  a c i d  gave  a f t e r  workup and f l a s h  c h r o m a t o g 

r a p h y  V f  (53.1 mg, 78%) which  showed i d e n t i c a l  s p e c t r o s c o p i c  p r o p e r t i e s  

t o  V f  o b t a i n e d  f o r m  t h e  e l e c t r o l y s i s  r o u t e .
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Structure Proof for 13g and 14g
Vg. In a manner  s i m i l a r  t o  above ,  a 4.5:1 m i x t u r e  o f  X3g and  14g 

( 4 0 . 0  mg, 0 . 1 6  mmol)  i n  EtOH (20 mL) w a s  r e d u c e d  w i t h  NaBH^ ( 0 .2 5  g) .  

F l a s h  c h r o m a t o g r a p h y  [PE/CH2 CI 2  (3 :1) ]  gave an e a s i l y  s e p a r a t e d  m i x t u r e  

o f  t h e  m a j o r  p h e n o l  ( 1 5 . 2  mg, 43%) a n d  t h e  m i n o r  p h e n o l  (4 .6  mg, 13%).

The  m a j o r  p h e n o l  s h o w e d :  IR ( f i l m )  3 6 0 0 - 3 1 5 0 ,  29 60 ,  2 9 4 0 ,  28 80 ,  

1 4 8 5 ,  1 4 6 0 ,  1 4 4 0 ,  12 5 0 ,  10 95 ,  800,  735  c m " 1 ; 1H NMR S  6 .5 4  ( s ,  2 H) , 

4 . 3 4  ( s ,  1 H),  3 .75 ( s ,  3 H),  3 . 0 - 1 . 3  (m, 8  H),  0 . 9 3  (d,  J  = 7 Hz,  3 

H) , 0.85 (d,  J  -  7 Hz, 3 H); mass s p e c t r u m ,  mass c a l c d  f o r  C ^ ^ O * ^  m/e 

2 2 0 .1 4 6 4 ;  2 2 0 .1 4 6 6 .

The m i n o r  phen o l  showed:  IR ( f i l m )  3600-3150,  2920, 2870,  1460,

1 4 4 0 ,  1 2 5 0 ,  1 0 9 0 ,  1070 ,  8 0 0 ,  720 c m ' 1 ; 1H NMR 6 6 . 5 6  ( s ,  2 H), 4 . 2 6  ( s ,

1 H) ,  3 .72 ( s ,  3 H),  3 . 1 - 1 . 5  (m, 8  H ) , 0 .83  (d ,  J  = 7 Hz, 6  H ) ; m ass

s p e c t r u m ,  m a ss  c a l c d  f o r  CX4H20°2 220.1463; o b s d  220.1468.

R e a c t i o n  o f  t h e  m a j o r  p h e n o l  ( 6 8 . 8  mg, 0 .3 1  mm ol )  w i t h  NaH (60% 

m i n e r a l  o i l  d i s p e r s i o n ,  13 .9  mg, 1.1 e q u i v )  i n  THF (15 mL) a n d  t h e n  

b e n z y l  b r o m i d e  (50 mg, 1.05 equ iv)  gave ,  a f t e r  workup  and  f l a s h  c h r o m a 

t o g r a p h y  [P E /C H 2 C1 2  ( 3 : 1 ) ] ,  Vg (96 .7  mg, 99%): IR ( n e a t )  2 9 3 0 ,  1600 ,

1 4 6 0  ( b r ) ,  1 2 5 0 ,  109 0 ,  1 0 6 0 ,  790 ,  730 ,  695 c m ' 1 ; 1H NMR 5 7 . 6 - 7 . 1  (m, 5 

H) ,  6 . 7 0  (AB q ,  J  -  9 Hz,  1 H ) , 6 .61 (AB q, J -  9 Hz,  1 H ) , 5 . 0 0  ( s ,  2

H),  3 .78  ( s ,  3 H),  3 . 3 0 - 1 . 3 0  (m, 8  H),  0 .9 1  (d ,  J  = 7 Hz,  3 H),  0.83

( d ,  J  = 7 Hz,  3 H); 1 3 C NMR 6 15 1 .6 ,  1 5 0 . 9 ,  1 3 8 . 1 ,  1 32 .2 ,  1 2 8 . 4  (2C),  

1 2 8 . 2 ,  1 2 7 . 5 ,  12 7 . 1  (2C),  1 0 8 .5 ,  1 0 6 . 9 ,  70 .4 ,  5 5 . 6 ,  37 .5,  3 1 . 2 ,  23 .7 ,  

2 2 . 3 ,  2 1 . 2 ,  1 9 . 8 ,  18 . 7 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  ^ 2 1 ^ 2 6 ^ 2  

m / e  3 1 0 . 1 9 3 3 ;  obsd  310.1884.
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Vg f r o m  V I I .  R e a c t i o n  o f  V I I  (0 .2 59  mg, 0 .9 1 8  mmo l)  i n  THF (15 

mL) w i t h  2 M j L - P r ’MgCl (0 .49  mL, 1.05 e q u i v )  a t  - 7 0  °C g a v e  a f t e r  

f l a s h  c h r o m a t o g r a p h y  t h e  e x p e c t e d  a l c o h o l  (48.2 mg, 16%, 32% b a s e d  on

c o n s u m a t i o n  o f  s t a r t i n g  m a t e r i a l )  a n d  r e c o v e r e d  V I I  ( 0 . 1 2 8  g ) : IR

( f i l m )  3 6 0 0 - 3 3 0 0 ,  2 9 3 0 ,  2860 ( s h ) ,  1600 ,  1460 ( b r ) ,  13 9 0 ,  1 2 9 0 ,  12 50 ,  

1 0 8 0 ,  1 0 5 0 ,  730 ,  695  c m ' 1 ; 1H NMR S 7 .37 ( s ,  5 H ) , 6 .73  (AB q , J  = 10

Hz,  1 H),  6 .6 4  (AB q ,  J  = 10 Hz,  1 H ) , 5 .07  ( s ,  2 H ) , 4 .0 5  ( s ,  1 H ) ,

3 .76  ( s ,  3 H),  3 . 0 0 - 2 . 3  (m, 7 H), 0 .97  (d,  J  -  7 Hz, 3 H ) , 0 .5 7  (d,  J  = 

7 Hz, 3 H); mass  s p e c t r u m ,  e x a c t  mass c a l c d  f o r  C 2 l ^ 2 6 ® 3  m/e  326.1882,  

o b s d  m/e  326.1838.

R e d u c t i o n  o f  t h e  a b o v e  a l c o h o l  (41.2  mg, 0 .1 2 6  mmol)  w i t h  E t g S i H  

( 1 .5  mL, e x c e s s ) ,  i n  CF 2 CO2 H (2 .5  mL) a n d  f l a s h  c h r o m a t o g r a p h y  

[P E/ CH 2 C I 2  ( 1 5 : 1 ) ]  g a v e  Vg (30.2 mg, 76%), s h o w i n g  i d e n t i c a l  s p e c t r o 

s c o p i c  p r o p e r t i e s  t o  Vg o b t a i n e d  f rom  t h e  e l e c t r o l y s i s  r o u t e .

Structure Proof for 13h and 14h
Vh. A m i x t u r e  o f  1 3 h  a n d  1 4 h  ( 1 0 . 5 : 1 ,  87 .2  mg, 0 .3 3  mmol)  i n

CH^OH (15 mL) was  r e a c t e d  w i t h  NaBH^ (45 mg, e x c e s s )  i n  a m a n n e r

s i m i l a r  t o  1 3 e  a n d  1 4 e  t o  a f f o r d  a f t e r  f l a s h  c h r o m a t o g r a p h y  ( 3 : 1  

CH2 C I 2 /PE as  e l u a n t )  t h e  ma jo r  p h e n o l  (63.2 mg, 82%) a s  a  c o l o r l e s s  

o i l :  IR ( f i l m )  3 6 0 0 - 3 1 0 0 ,  29 40 ,  1480  ( b r ) ,  1 3 6 0 ,  12 50 ,  12 2 0  ( s h ) ,

1 0 8 0 ,  7 90 ,  730 c m ' 1 ; 1H NMR 6 6 .5 8  ( s ,  2 H), 4 .3 5  ( s ,  1 H ) , 3 .75  ( s ,  3 

H),  3 . 0 - 1 . 5  (m, 7 H ) , 0 .9 3  ( s ,  9 H ) ; 1 3 C NMR 6 1 5 1 .1 ,  1 4 7 . 7 ,  1 30 .0 ,

1 2 7 . 9 ,  1 1 2 . 0 ,  1 0 8 .4 ,  5 6 . 0 ,  4 0 .4 ,  3 7 .2 ,  29.1 (3 C),  2 4 .3 ,  2 1 . 5 ,  19 .9 ;

m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  2 3 4 . 1 6 1 9 ,  o b s d

2 3 4 .1 6 3 6 .
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C o n t i n u e d  e l u t i o n  g a v e  t h e  m i n o r  p h e n o l  ( 3 . 2  mg, 5%) w h i c h

s h o w e d :  IR ( f i l m )  3 6 0 0 - 3 1 0 0 ,  2 9 4 0 ,  2 8 6 0 ,  1480 ( b r ) , 1 2 5 0 ,  1 0 8 0  c m " 1 ;

LH NMR S  6 .58 ( s ,  2 H) ,  4.25 ( s ,  1 H ) , 3.69 ( s ,  3 H ) , 3 . 2 5 - 1 . 1  (m, 7 

H), 0 . 8 6  ( s ,  9 H ) ; m a s s  s p e c t r u m ,  e x a c t  mass  c a l c d  f o r  C15 H2 2 ° 2  S / e  

2 3 4 . 1 6 1 9 ,  o b s d  234.1628.

R e a c t i o n  o f  t h e  m a j o r  p h e n o l  (6 3 . 2  mg, 0 .27  m m ol )  w i t h  60% NaH 

(11.9 mg) i n  d r y  THF (25 mL) was f o l l o w e d  by a d d i t i o n  o f  b e n z y l  b r o m i d e  

( 22 .4  mg,  1 .0 5  e q u i v ) ,  a n d  t h e  s o l u t i o n  was h e a t e d  t o  r e f l u x  f o r  12 h.  

Workup a n d  f l a s h  c h r o m a t o g r a p h y  [PE /CH 2 C I 2  ( 3 : 1 ) ]  g a v e  Vh ( 7 4 . 2  mg,  

85%): I R  ( f i l m )  2 9 4 0 ,  1 4 7 5 ,  1460 ,  1 4 4 0 ,  1250,  1 2 3 0  ( s h ) ,  10 9 0 ,  1 0 6 0 ,

730,  690  c m ' 1 ; 1H NMR S  7 . 5 - 7 . 2 4  (m, 5 H ) , 6.72 (AB q,  J  -  9 Hz,  1 H ) , 

6 . 6 6  (AB q ,  J  -  9 Hz, 1 H ) , 4.97 ( s ,  2 H ) , 3.79 ( s ,  3 H), 3 . 5 - 1 . 2  (m, 7 

H), 0 . 9 0  ( s ,  9 H); 1 3 C NMR S 151 .3  (2 C ) , 1 38 . 0 ,  1 3 0 . 8 ,  1 3 0 .1 ,  1 2 8 .4  

( 2 C ) , 1 2 7 . 5 ,  127 . 3  ( 2 C ) , 108 .7 ,  1 0 7 . 3 ,  70 .6 ,  5 5 .7 ,  3 9 . 3 ,  3 6 .9 ,  2 9 .2  (3 

C), 24.1,  21.5,  20.0; m a s s  sp ec t rum,  e x a c t  mass c a l c d  f o r  C22H2S P 2 m/e

3 2 4 . 2 0 9 0 ,  o b s d  324.2086.

Vh f r o m  V I I .  To a  s o l u t i o n  o f  V I I  (0.45 g, 1 . 7 6  mmol)  i n  d r y  THF 

(25 mL) a t  -70 °C was ad d e d  a 1.8 M s o l u t i o n  o f  t -C ^H gL i  (1.05 mL, 1.05 

e q u i v ) .  Workup an d  f l a s h  c h r o m a t o g r a p h y  [CH2 C I 2 / P E  ( 1 : 1 ) ]  o f  t h e  

r e a c t i o n  m i x t u r e  gave f i r s t  the  a l c o h o l  f rom G r i g n a r d  a d d i t i o n  (211.7 

mg, 37%, 67% b a s e d  on r e c o v e r y  o f  s t a r t i n g  m a t e r i a l )  and  t h e n  r e c o v e r e d  

s t a r t i n g  m a t e r i a l .  R e c r y s t a l l i z a t i o n  ( P E / C ^ C ^ )  g a v e  c o l o r l e s s  c r y s 

t a l s :  mp 1 0 5 - 1 0 6  °C;  IR  (KBr) 350 0  ( b r  s ) ,  29 4 0 ,  1 4 6 0 ,  13 9 0 ,  1 2 5 0 ,

1230 ,  1 0 5 0 ,  1030 ,  78 0 ,  6 9 0  cm"1 ; 1H NMR 6 7.39 ( s ,  5 H), 6 .77 (AB q ,  J  

-  8  Hz, 1 H), 6 . 6 6  (AB q ,  J  -  8  Hz, 1 H),  5.38 ( s ,  1 H ) , 5 .00  ( s ,  2 H),
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3.71  ( s ,  3 H), 3 . 2 3 - 1 . 3 0  (m, 6  H ) , 0 . 8 4  ( s ,  9 H); 1 3 C NMR S 1 5 1 . 8 ,

1 5 1 .5 ,  1 3 6 . 3 ,  1 3 0 . 9 ,  1 3 0 . 7 ,  1 2 9 . 7 ,  12 8 .7  (2C),  1 2 8 . 2 ,  1 2 7 .8  (2C) ,

1 0 9 .6 ,  1 0 8 . 2 ,  7 8 . 9 ,  7 1 . 3 ,  55 .7,  4 1 . 7 ,  35 . 7 ,  26.5 (3 C ) , 2 3 . 3 ,  19 .9 .

A n a l ,  c a l c d  f o r  C2 2 H2 8 ° 3 : C, 77 . 6 ;  H, 8 .3 .  Found :  C, 7 7 .7 ;  H, 8 .4 .

R e d u c t i o n  o f  t h e  a l c o h o l  f r o m  a b o v e  (50 .8  mg, 0 .1 5  mmo l)  w i t h  

Et-jSiH (1.5 mL, e x c e s s )  a n d  CF3 CO2 H (3 mL) f o l l o w e d  b y  workup and  f l a s h  

c h r o m a t o g r a p h y  [PE/CH 2 C1 2  ( 1 5 : 1 ) ,  t h e n  PE/CH 2 C1 2  ( 3 : 1 ) ]  g a v e  Vh ( 3 6 .1  

mg, 76%) w h i c h  s h o w e d  s p e c t r o s c o p i c  p r o p e r t i e s  i d e n t i c a l  w i t h  t h e  

p r o d u c t  f ro m  t h e  e l e c t r o l y s i s  ro u t e .

S t r u c t u r e  P r o o f  f o r  13j

13i isj

V I I  The m o n o k e ta l  1 3 j  i n  e t h a n o l  (10 mL) was t r e a t e d  w i t h  NaBH^ 

( 0 . 2  g,  e x c e s s ) ,  a n d  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  1  h a t  r oom 

t e m p e r a t u r e .  A d d i t i o n  o f  5% HCI f o l l o w e d  by e x t r a c t i v e  workup (CH2 C l 2 , 

3 x 30 mL) y i e l d e d  a  b r o w n  o i l  which was p u r i f i e d  by  f l a s h  c h r o m a t o g 

r a p h y  (1:1 CH2 CI 2 /PE a s  e l u a n t )  t o  a f f o r d  0.83 mg (45%) o f  1 8 j  a s  w h i t e  

c r y s t a l s .  R e c r y s t a l l i z a t i o n  from CH2 C I 2 /P E  gave t h e  a n a l y t i c a l  sa m p le :  

mp 9 1 - 9 2 . 5  ° C ; IR (KBr)  c m " 1  3 6 0 0 - 3 1 0 0 ,  29 60 ,  29 40 ,  2 8 4 0 ,  14 8 0 ,  14 6 0 ,
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1440,  1390, 1340,  1280,  1250, 1090,  1020, 795,  785, 725, 690;  XH NMR 6 

6 . 8 1  (d o f  t ,  J  -  1 0 ,  2 Hz,  1H) ,  6 .59 ( s ,  2 H ) , 6 .02  (d  o f  t ,  J  -  10,  6  

Hz,  1H), 4 .47  ( s ,  1 H ) , 3 .76  ( s , 3 H ) ,  2 . 8 5 - 2 . 0  (m, 4H). M a s s  s p e c t r u m  

e x a c t  m a ss  c a l c d  f o r  m/ e 1 7 6 . 0 8 3 8 ,  o b s d  1 7 6 . 0 8 0 2 .  T h i s

m a t e r i a l  was d i f f e r e n t  t h a n  I  e s t a b l i s h i n g  t h e  s t r u c t u r e  o f  t h e  monoke- 

t a l  a s  1 3 j .

S t r u c t u r e  P r o o f  f o r  13k

NaBH

(OCHJ.CH H3CO c h 3

13k 17k

The r e d u c t i o n  o f  1 4 k  ( 1 7 9  mg, 0 .81 4  m m ol)  i n  EtOH (15  mL) w i t h  

NaBH^ (0.5 g e x c e s s )  was f o l l o w e d  by  qu e n c h in g  t h e  r e a c t i o n  w i t h  5% HCI 

t o  a f f o r d  a f t e r  w or ku p  and f l a s h  column c h r o m a t o g r a p h y  (PE/CH2 CI 2  1 : 4  

a s  e l u a n t )  1 7 k  ( 1 2 0  mg, 78%): mp 8 2 - 8 5  °C; IR 3 6 0 0 - 3 1 0 0 ,  2 9 3 0 ,  2890,

2 8 3 0 ,  1490 ,  1 4 6 0 ,  1 4 4 0 ,  1330 ,  1 2 7 0 ,  1250 ,  1 0 8 0 ,  107 0 ,  790 c m " 1 ; 1H NMR 

6 6 .6 5  ( s ,  2 H), 6 . 0 - 5 . 7 5  (m, 1 H ) , 4 . 6 5 - 4 . 4  ( b r  s ,  1 H ) , 3 .7 4  ( s ,  3 

H) ,  2 . 9 - 1 . 8  (m, 7 H ) ; 1 3 C NMR 6 1 5 1 . 6 ,  1 4 6 .2 ,  1 3 2 . 9 ,  1 26 .6 ,  1 2 5 .2  (2C),

1 1 4 . 5 ,  111 .7 ,  5 6 . 6 ,  2 3 .0 ,  2 2 .3 ,  2 1 . 6 ;  m ass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  

f o r  C12H14°2 190.0994,  o b s d  190.0990.
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2) HCI

18k

A s o l u t i o n  o f  1.9 M CH^Li ( 0 . 2 5  mL, 2.2 e q u i v )  a nd  THF (2 0  mL) was  

c o o l e d  t o  - 7 8  °C, a n d  a s o l u t i o n  o f  11 [45 mg, 0 .2 3 4  mmol i n  THF (5 

mL) ] w as  a d d e d  t o  t h e  s o l u t i o n .  A f t e r  s t i r r i n g  f o r  30 m i n ,  t h e  r e a c 

t i o n  w a s  q u e n c h e d  b y  a d d i n g  20% HCI (10 m L ) , a n d  t h e  m i x t u r e  w as  

e x t r a c t e d  w i t h  CH2 C I 2  (3 x 30 mL). Workup a s  u s u a l  y i e l d e d  a l i g h t  

b rown o i l .  F l a s h  co lumn c h r o m a t o g r a p h y  (PE/CH2 C I 2  1:1 as e l u a n t )  gave 

V I I I  (40 mg, 90%). T h i s  m a t e r i a l  s h o w e d  s i m i l a r  b u t  n o n - i d e n t i c a l  

s p e c t r o s c o p i c  p r o p e r t i e s  t o  t h a t  o f  1 7 k :  IR ( f i l m )  3 6 0 0 - 3 1 0 0 ,  29 30 ,

28 30 ,  147 0  ( b r ) ,  1 4 3 5 ,  1245 ,  1 0 5 5 ,  1 0 1 0 ,  800,  7 3 0  c m ' 1 ; 1H NMR S 6 .65  

(ABq, J  = 9 Hz,  1 H ) , 6.55 (ABq, J  -  9 Hz, 1 H) , 6 . 0 - 5 . 7 5  (m, 1 H), 

4 .56  ( s ,  1 H),  3 .76 ( s ,  3 H), 2 . 9 - 1 . 8  (m, 7 H ) ; m a s s  s p e c t r u m ,  e x a c t  

mass c a l c d  f o r  ^ 1 2 ^ 1 ^ 2  m/e 190.0993,  obds 190.0996.

S t r u c t u r e  P r o o f  f o r  13i

The s t r u c t u r a l  a s s i g n m e n t  f o r  m o n oke ta l  1 3 i  i s  s t r o n g l y  s u p p o r t e d  

1 ^b y  t h e  C NMR r e s u l t s  c o l l e c t e d  b e l o w .  I n  a l l  m o n o k e t a l s  we h a v e  

s t u d i e d ,  t h e  r e s o n a n c e  o f  th e  & - c a r b o n  oc c u r s  a t  l o w e r  f i e l d  t h a n  t h e  

S- ca rb on .  F o r  t h e  c a s e  o f  1 3 i  t h e  C-9 shows a  c o u p l i n g  c o n s t a n t  o f  16 

Hz w h i l e  t h a t  f o r  C -1 0  i s  6  Hz. One w o u l d  r e a s o n a b l y  e x p e c t  t h e
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« Hz (OCH3) 2 (OCH3)2 C, fi 51 .2 ,  Jc _ ,  p  =  2 0 Hz

16 H z  3 i f ^ T ^ S!6 C8 S  8 1 ' 1' JC - 8 , F  =  164 Hz
166 H z  2 ' l l ^ s ^ ' 7  1 C? 5  2 8 . 8 ,  SQ_7 p  =  20 Hz

22 Hz O F  (O C H ^  F c g 8 1 2 8 . 2, Jc _g F = 22 Hz

13j 12j C ,q 8 1*13.9, JC_io,F = 10

C1 8 134.8.  J = 1 6 .2  Hz

C2 8  138.2.  J = 9 .  7 Hz

Cfi S 183.6 ,  J = 4 . 4  Hz

C? 8  78.8 ,  J = 172 .7  Hz

s m a l l e r  c o u p l i n g  c o n s t a n t  t o  be a s s o c i a t e d  w i t h  t h e  m o re  d i s t a n t  C-10  

p o s i t i o n .

A d d i t i o n a l  s u p p o r t  f o r  t h i s  d e r i v e s  f rom  c o m p a r i s o n  o f  the  NMR 

d a t a  f o r  t h e  m o n o k e t a l s  I X  and  X. H e r e  t h e  r e g i o i s o m e r s  c a n  b e  

a s s i g n e d  f ro m  t h e  NMR s p e c t r a  s i n c e  i s o m e r  X has  t w o  d o w n f i e l d  v i n y l  

p r o t o n s  w h i l e  i s o m er  IX h a s  only one d o w n f i e l d  v i n y l  p r o t o n .  I n  b o t h  

c a s e s  t h e  two bond c o u p l i n g  c o n s t a n t  i s  l a r g e r  i n  t h e  NMR s p e c t r u m

t h a n  t h e  t h r e e  bond c o u p l i n g .

C i S 152.9,  Jr  _  = 14 Hz (OCHJ, Q F ,
* c ~  1 ,  F  H  H ,  L H

C 2 § 1 2 5 .4 ,  Jc  2 F = 10.8 Hz S j p & p ^ - H  5 Jj^ V T + 1

C fi 5 9 4 . 4 ,  J c  g ' p  = 5 .4  Hz U 2 a > ^ 2

. C 7 8 78.8,  Jc _ 7 ' p = 172.7Hz O (OCH3) 2

C9 8 15715, Jc _g F =

C 10 8 133.0,  Jc _ i 0 F =
Cg 8  7 9 .9 , JC 8 F =

C 7 8  28* JC - 7 , F  =
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Figure 1. 80 MHz 1H NMR Spectrum of 10a
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Figure 6. 80 MHz 1H NMR Spectrum of Ethyl Grignard Addition to 9
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Figure 10. 80 MHz 1H NMR Spectrum of t-BuLi Addition to 9
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Figure 11. 80 MHz 1H NMR Spectrum of 10h
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Figure 12. 80 MHz H NMR Spectrum of 10k
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Figure 13. 80 MHz 1H NMR Spectrum of 12a
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Figure 14. 80 MHz 1H NMR Spectrum of 13a
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Figure 16. 80 MHz 1H NMR Spectrum of 12b
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Figure 17. 80 MHz 1H NMR Spectrum of 13b
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Figure 18. 80 MHz 1H NMR Spectrum of 12c
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Figure 19. 80 MHz NMR Spectrum of 12d
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Figure 20. 80 MHz NMR Spectrum of 13d
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Figure 21. 80 MHz 1H NMR Spectrum of 14d
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Figure 22. 80 MHz 1H NMR Spectrum of 12e
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Figure 23. 80 MHz 1H NMR Spectrum of 12f
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Figure 24. 80 MHz 1H NMR Spectrum of 12g
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Figure 28. 80 MHz 1H NMR Spectrum of lOi
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Figure 29. 80 MHz 1H NMR Spectrum of 12i
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Figure 30. 80 MHz 1H NMR Spectrum of 13i

Ul
O '



© C H ^

PPM
Figure 31. 80 MHz 1H NMR Spectrum of 12j
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Figure 32. 80 MHz  ̂H NMR Spectrum of 14j
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Figure 35. 80 MHz 1H NMR Spectrum of I
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Figure 37. 80 MHz 1H NMR Spectrum of III



HO

PPM
Figure 38. 80 MHz 1H NMR Spectrum of IV

ON



HO

PPMFigure 39. 80 MHz 1H NMR Spectrum of NaBH4 Reduction of 13e and 14e
Ln



i

HO

PPM
Figure 40. 80 MHz 'H NMR Spectrum of NaBH^ Reduction of 13e and 14e
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Figure 43. 80 MHz 1H NMR Spectrum of VII
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Figure 45. 80 MHz 1H NMR Spectrum of NaBH4 Reduction of 13f and 14f
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Figure 46. 80 MHz 1H NMR Spectrum of NaBH^ Reduction of 13f and 14f
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Figure 47. 80 MHz ^  NMR Spectrum of Vf
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Figure 49. 80 MHz NMR Spectrum of Ethyl Grignard Addition of VII
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Figure 51. 80 MHz 1H NMR Spectrum of NaBH4 Reduction of 13g and 14g
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Figure 52. 80 MHz 1H NMR Spectrum of Vg
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Figure53. 80 MHz 1H NMR Spectrum of Isopropry 1 Grignard Added to VII



Figure 54. 80 MHz NMR Spectrum of NaBh^ Addition to 13h and 14h
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Figure 56. 80 MHz 1H NMR Spectrum of Vh



Figure 57. 80 MHz 1H NMR Spectrum of t-BuLi Addition to VII
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Figure 59. 80 MHz 1H NMR Spectrum of 17k
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2

1 . 6
1 . 6
1.7
1 . 6
1.5
1.4
1.3

1 . 1
1

0.4
0.3

0.1
ft

0.4 0.6
( T h o u s a n d s )  

SECONDS ( n a o ' i

TIME EXTIN INFIN C ( 0 ) / y
( s e c ) ABSORB C0EFF ABSORB C (0 ) -P SLOPE INTERCT

2 1 0 0 .035 261 . 0.162 0 .2 4 0 2 0 .00 0 5 7 3 0 .1538
330 0 .0 4 5 0 .3 2 1 6 0 .0 0 0 5 6 8 0 .1617
450 0 .0 5 3 0 .3 9 7 4 0 .0 0 0 5 6 4 0 .1689
570 0.061 0 .4 7 3 5 0 .0 0 0 5 6 0 0 .1763
690 0 .0 6 8 0 .5 4 6 3 0 .0 0 0 5 5 7 0 .1836
750 0 .0 7 2 0 .5 8 5 3 0 .00 0 5 5 3 0.1915
870 0 .0 7 8 0 .6 5 7 4 0 .0 0 0 5 4 9 0 . 2 0 1 1

990 0 .0 8 4 0 .7 3 1 4 0 .0 0 0 5 4 4 0 .2125
1 1 1 0 0 .0 9 0 0 .8 0 5 7 0 .0 0 0 5 3 8 0 .2255
1290 0 .0 9 7 0 .9 1 0 1 0 .0 0 0 5 3 2 0.2405
1530 0 .1 0 6 1 .0 5 4 6 0 .0 0 0 5 2 5 0.2589
1650 0 .1 0 9 1 .1 1 8 5 0 .0 00521 0.2681
1950 0 .1 1 8 1 .2 8 8 4 0 .0 0 0 5 1 4 0.2893
2070 0 . 1 2 1 1 .3553 0 .000511 0 .2976
3210 0 .1 3 9 1 .9 3 7 9 ERR ERR

F i g u r e 6 0 .  K i n e t i c D a t a  f o r S t r u c t u r e 11

Concentration 6 . 1 2  X 1 0 ~ ^  M



y - a x i s
TIME EXTIN INFIN C ( 0 ) /

( s e c )  ABSORB COEFF ABSORB C (0 ) -P  SLOPE
y

INTERCT

150 0 .147  1767 1 .258  0 .1 2 3 9 0 .0 0 0 5 3 4 0.0650
2 1 0 0.187 0 .1 6 1 2 0.000533 0.0688
330 0.259 0 .2 3 0 8 0.000531 0.0728
450 0.325 0 .2 9 8 9 0 .000530 0.0770
630 0.413 0 .3 9 7 5 0 .000529 0.0817
810 0 .4 9 2 0 .4 9 6 6 0.000527 0 .0874

1 1 1 0 0.609 0 .6 6 1 3 0 .000525 0.0945
1230 0.650 0 .7 2 7 7 0 .000523 0.1017
1590 0 .758 0 .9 2 3 4 0 .000520 0 . 1 1 2 0

1950 0.847 1 .1 1 8 6 0 .000517 0.1226
2370 0.930 1 .3 4 5 4 0 .000515 0.1324
2490 0.951 1 .4 1 0 4 0.000513 0.1380
2790 0.996 1 .5 7 0 4 0.000512 0.1448
2910 1 . 0 1 2 1 .6331 0 .000511 0.1488
3330 1.061 1 .8 5 4 5 0 .000509 0.1593
5430 1.190 2 .9 2 3 6 ERR ERR

Figure 61. Kinetic Data for Structure 11
Concentration 7.12 X 10  ̂ M
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4

1
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( ZCD

y -a x is
TIME EXTIN INFIN C (0 ) / y

( s e c ) ABSORB COEFF ABSORB C(0)-P SLOPE INTERCT

142 0 .1 4 9 1727 1.231 0.1289 0.000639 0 .0 3 5 7
262 0 .2 3 4 0 . 2 1 1 2 0.000640 0 .0 3 5 1
382 0 .3 0 7 0.2871 0.000641 0 .0 3 2 6
562 0 .4 0 6 0.3998 0.000642 0 .0 2 9 0
802 0 .5 2 1 0.5508 0.000644 0 .0 2 4 4
982 0 .5 9 6 0.6624 0.000646 0 .0 1 8 6

1 2 2 2 0 .6 8 4 0.8116 0.000648 0 .0 1 0 9
1522 0 .7 7 9 1 . 0 0 1 2 0.000651 0 .0 0 0 9
2 1 2 2 0 .9 2 2 1.3819 0.000657 - 0 . 0 1 6
2422 0 .9 7 6 1.5727 0.000660 - 0 . 0 2 9
2902 1 .0 4 4 1.8823 0.000665 - 0 . 0 4 6
4102 1 .1 4 7 2.6800 ERR ERR

F i g u r e  6 2 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  11 

Concentration 7 .0 9  X 1 0 - 4  M



y - a x i s
TIME EXTIN INFIN 0 ( 0 ) / y

( s e c  ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

80 0.015 924 0.61 0 .0 2 5 4 0 .0 0 0 2 3 9 0.0089
260 0.045 0 .0 7 6 4 0 .0 0 0 2 3 9 0.0096
620 0.093 0 .1 6 4 6 0 .0 0 0 2 4 0 0.0081

1 2 2 0 0.161 0 .3 0 6 2 0 .0 0 0 2 4 0 0.0050
1640 0.204 0 .4 0 6 8 0 .000241 0 . 0 0 1 0

2240 0.257 0 .5 4 8 1 0 .0 0 0 2 4 2 -0 .0 0 5
2720 0.295 0 .6 6 0 5 0 .0 0 0 2 4 3 -0 .0 1 5
3620 0.355 0 .8 7 3 3 0 .0 0 0 2 4 6 -0 .0 3 3
4220 0.382 0 .9 8 3 6 0 .0 0 0 2 5 0 -0 .0 6 0
5120 0.432 1 .2 3 1 6 0 .0 0 0 2 4 6 -0 .0 2 9
6020 0.467 1 .4 4 8 5 0 .0 0 0 2 4 8 -0 .0 4 7
6920 0.495 1 .6 6 5 0 0 .0 0 0 2 5 2 -0 .0 7 7
8420 0.531 2 .0 4 2 7 ERR ERR

F i g u r e  6 3 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  1 2 a

Concentration 6.60 X 10-4 M
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2.6 -p

2.4 -

2.2 -

0  _

1 . 0  -

1 . 6  -

1.4 - 

1 . 2  -

1 _

O  —
!

a  a  _l
I

C; -1
"  I 
0.2 -!

f'Thouccinds'; 
TIr*~5^ ‘' m o '

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c  ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

140 0.019 949 0 .62 0 .0311 0 .0 00213 0.0177
260 0.037 0 .0 6 2 2 0 .0 00213 0.0216
620 0.084 0 .1 4 5 0 0 . 0 0 0 2 1 2 0.0261

1 2 2 0 0.149 0 .2 7 5 7 0 . 0 0 0 2 1 2 0.0310
2 1 2 0 0.232 0 .4 6 9 4 0 . 0 0 0 2 1 1 0.0379
3020 0.294 0 .6 4 4 0 0 . 0 0 0 2 1 0 0.0477
3920 0.354 0 .8 4 6 5 0 .0 0 0 2 0 6 0 .0784
4820 0.399 1 .0 3 2 9 0 . 0 0 0 2 0 1 0.1238
6020 0.447 1 .2 7 8 7 0 .0 0 0 1 9 0 0.2281
7220 0 .484 1 .5 2 0 0 0 .00 0 1 6 7 0.4764
8240 0.541 2 .0 5 6 4 0 . 0 0 0 1 0 1 1.2228

1 2 0 2 0 0.566 2 .4 3 8 8 ERR ERR

F i g u r e  64 . K i n e t i c  D a t a f o r  S t r u c t u r e  12a
Concentration 6 . 5 3  X 21O



92

1.-4

1.3 -4

1 . 2

1.1 

1 -  

0 . 9  -  

0 . 6  -  

c'l *7 -
I

0.6 -I

( T h c - L i s  a  n d ^ ;  
T 7 t> ‘?  C * t 1 c1 V

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

2 1 0 0.041 930 0 .62  0 .0 6 8 2 0.000198 0.0452
510 0 .0 8 5 0 .1 4 8 2 0.000197 0.0501
630 0 .0 9 0 0 .1 5 6 6 0.000197 0.0509
930 0 .1 3 0 0 .2 3 4 4 0.000195 0.0585

1470 0 .1 8 1 0 .3 4 5 2 0.000195 0.0616
1830 0 .2 1 3 0 .4 2 1 6 0.000194 0.0634
2430 0 .2 5 7 0 .5 3 4 4 0.000195 0.0609
3030 0 .2 9 7 0 .6 5 2 9 0.000195 0.0609
3630 0 .3 3 2 0 .7681 0.000195 0.0576
4230 0 .3 6 4 0 .8841 0.000196 0.0545
4890 0 .3 9 5 1 .0131 0.000197 0.0508
5730 0 .4 2 9 1 .1753 0 . 0 0 0 2 0 0 0.0305
6630 0 .4 6 0 1 .3551 ERR ERR

F i g u r e  6 5 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  12a 
Concentration 6.C9 X 1 0 ~ 4 M
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1.6 -T-
1.7 -
1 . 6  -

1.5 -
1.4 -
1.3 -
1.2 -  

1 . 1  -  

1 -  

0 . &  -  

0.6 -  

0.7 -

0.5
0.4 -
0.3 -
0.2 -

0.1 -
o

(Thoucpndc'; 
n M E  ( a s o l

TIME EXTIN INFIN C( 0 ) / y
( s e c ) ABSORB C0EFF ABSORB C (0 )-P SLOPE INTERCT

2 1 0 0 .0 7 4 9 826 0 .5 7 3  0 .1398 0.000355 0.0915
330 0 . 1 0 1 0 .1944 0.000354 0 .0970
450 0 .1 2 5 0 .2448 0.000352 0 .1016
630 0 .1 5 5 0 .3146 0.000351 0 .1060
810 0 .1 8 3 0 .3840 0.000350 0 .1 1 0 4

1230 0 .2 3 9 0.5375 0.000348 0 .1145
1410 0 . 2 6 0 0.6025 0.000348 0 .1173
1710 0 .2 9 1 0.7089 0.000347 0 .1203
1950 0 . 3 1 5 0.7946 0.000346 0 .1 2 3 7
2310 0 .3 4 6 0 .9220 0.000345 0 .1273
2490 0 . 3 6 0 0 .9858 0.000344 0 .1301
2850 0 .3 8 5 1.1115 0.000344 0 .1 3 3 2
3090 0 . 4 0 0 1.1943 0.000343 0 .1 3 5 4
3390 0 . 4 1 7 1.2979 0.000342 0 .1 3 9 6
3630 0 .4 3 0 1.3831 0.000341 0 .1 4 6 7
3990 0 .4 4 6 1.5049 0.000341 0 .1 4 4 3
4170 0 .4 5 4 1.5664 0.000340 0 .1 4 7 9

F i g u r e  6 6 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  12b 

Concentration 6.95 X 10 - ^ M
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1 . 6

o . & I

4
( T h o u s a n d s )  
T im ;  i ta e o )

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

150 0 .067 882 0.85 0 .0 8 2 4 0.000353 0 .0416
270 0 .108 0 .1353 0 .000352 0.0453
630 0 .204 0 .2 7 5 0 0.000351 0.0474

1230 0.327 0 .4 8 4 8 0.000352 0 .0439
1830 0 .425 0 .6 9 2 2 0.000353 0.0381
2430 0 .5 0 4 0 .8 9 9 0 0 .000355 0.0303
3150 0.581 1 .1 4 9 4 0 .000357 0 .0195
4050 0.653 1 .4 6 2 0 0.000360 0 .0014
4830 0 .700 1. 73 72 0 .000363 -0 .0 1 6
5730 0.741 2 .0575 0.000367 -0 .0 4 6
6930 0.780 2 .4981 ERR ERR

F i g u r e  6 7 .  K i n e t i c  Data f o r  S t r u c t u r e  12b
Concentration 1.71 X 1 0 ~ 3 M
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1.4
1 . 3

-4

y - a x i s
TIME EXTIN INFIN C (0 ) / y

( s e c  ) ABSORB COEFF ABSORB C (0)-P SLOPE INTERCT

145 0 .1 0 3 941 0 .9 2 9 0 .1179 0.000351 0 .1 1 4 2
265 0 .1 7 2 0 .2040 0 .000348 0 .1 2 6 6
385 0 .225 0 .2765 0.000346 0 .1 3 1 5
625 0 .276 0 .3516 0 .000348 0 .1263
925 0 .3 3 2 0 .4412 0 .000349 0 .1 2 1 5

1525 0 .4 4 7 0.6546 0 .000348 0 .1 2 4 7
2125 0 .539 0.8661 0 .000348 0 .1 2 6 5
2725 0 .6 1 2 1 .0750 0 .000348 0 .1 2 5 7
3325 0 .672 1.2830 0 .000349 0 .1 2 2 4
3925 0 .7 2 0 1.4910 0 .000350 0 .1 1 4 9
4470 0 .7 5 6 1.6798 0.000355 0 .0 9 4 8
5010 0 .7 8 7 1.8713 ERR ERR

F i g u r e  6 8 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  12b 
Concentration 1.71 X 10-3 M
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2 . 2
2 . 1

Aj£
1 . 6
1 . 6
1.7
1 . 6

5
1.4
1.3
1.2 
1 . 1  

1

0.4
0.3
0.2
0.1

O

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

80 0 .0 4 9 972 0 .6 5  0 .0782 0 .000325 0 .0 7 6 8
2 0 0 0 .0 8 7 0 .1435 0.000324 0 .0812
320 0 .1 1 4 0 .1919 0.000324 0 .0817
500 0 .1 4 6 0 .2 5 4 9 0.000324 0 .0 8 0 0
620 0 .1 6 6 0 .2 9 4 0 0 .000325 0 .0763
920 0.209 0 .3 8 8 3 0 .000326 0 .0 7 0 4

1 2 2 0 0 .2 4 9 0 .4 8 3 0 0 .000328 0 .0625
1520 0.287 0 .5833 0.000331 0 .0509
2 0 0 0 0 .3 3 4 0 .7212 0 .000336 0 .0 2 7 5
2420 0.372 0 .8 5 0 4 0.000341 0 .0 0 4 0
3020 0 .4 1 7 1.0272 0 .000348 - 0 .0 3 2
3620 0 .4 6 0 1.2273 0.000352 - 0 .0 5 4
4220 0 .4 9 4 1 .4239 0 .00 0 3 5 8 - 0 .0 9 0
5120 0 .536 1 .7398 0 .0 0 0 3 6 4 - 0 .1 2 4
6200 0.573 2.1331 ERR ERR

F i g u r e  6 9 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  1 2 c

C o n c e n t r a t i o n  6 . 9 5  X 1 0 - 4  M



y - a x i s
TIME EXTIN INFIN C ( 0  ) / y

( s e c ) ABSORB COEFF ABSORB C (0 )-P SLOPE INTERCT

78 0 .036 967 0.674 0 .0545 0 .000209 0 .1499
198 0 .074 0 .1 1 6 6 0.000205 0 .1710
318 0 . 1 0 1 0 .1626 0 . 0 0 0 2 0 1 0 .1968
678 0.163 0 .2 7 6 0 0.000196 0.2317

1098 0 . 2 2 1 0 .3971 0.000190 0.2743
2418 0 .3 5 8 0 .7587 0.000181 0 .3 3 5 6
3318 0 .428 1 .0074 0.000179 0 .3487
4158 0 .479 1 .2392 0.000189 0 .2726
5118 0 .5 2 4 1.5019 0 .000228 - 0 .0 6 4
6258 0 .567 1 .8366 0 .000377 - 1 .3 9 8
7818 0 .0 6 6 0 .1 0 2 8 0.001217 - 9 .4 0 8

10218 0.641 3 .0228 ERR ERR

F i g u r e  7 0 .  K i n e t i c  Data  f o r  S t r u c t u r e  12c
Concentration 6 . 9 9  X 1 0 ~ 4 M
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2.4

2.2

1 . 6

1 . 6

1.4 ■

0 . - 4  - (

I
O .' jL  - }  r-ic

U D “  
-t!-----

T i m ©  C © e o )

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

85 0 .043 950 0 .6 7 5  0 .0651 0.000286 0.0717
205 0 .0 7 9 0 .1243 0.000285 0 .0774
325 0 .105 0 .1696 0.000284 0.0798
445 0 .1 2 8 0 .2095 0.000284 0.0805
625 0 .1 5 6 0 .2622 0.000284 0 .0797
925 0 . 2 0 0 0 .3513 0.000285 0 .0776

1705 0 .293 0 .5695 0.000286 0.0715
2125 0 .335 0 .6 8 5 4 0.000287 0 .0643
2785 0 .3 9 2 0 .8 6 7 8 0.000289 0.0541
3325 0.431 1.0159 0.000291 0 .0438
4045 0 .4 7 5 1.2158 0.000292 0 .0354
4525 0 .5 0 3 1.3689 0.000292 0 .0388
5005 0 .523 1.4928 0.000296 0 .0076
5665 0 .5 5 0 1 .6832 0.000298 -0 .0 0 6
7525 0 .603 2 .2380 ERR ERR

Figure 71. Kinetic Data for Structure 12c
Concentration 7.11 X 10"^ M
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1 . 6
1 .5

O .  -

0.5 -t D

0.1

-.4 0.6 
\Th .z>uopndoJ 
TIM E ' a a o V

1 . S

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( sec  ) ABSORB C0EFF ABSORB C (0 )-P SLOPE INTERCT

150 0.040 195 0.163 0 .2 8 4 0 0.000882 0.1665
2 1 0 0.048 0 .3443 0 .000878 0.1707
270 0 .054 0 .4021 0.000875 0 .1744
330 0.060 0 .4 5 8 5 0.000872 0.1781
390 0 .066 0 .5 1 3 2 0 .000868 0 .1 8 2 0
510 0.076 0 .6 2 2 2 0 .000864 0.1876
630 0.085 0 .7 3 0 5 0.000859 0 .1937
750 0.093 0 .8 3 7 7 0 .000854 0 . 2 0 0 1

930 0.103 0 .9 9 5 2 0 .000849 0 .2075
1050 0.109 1 .0998 0.000844 0 .2 1 3 4
1230 0.117 1 .2 5 2 4 0.000842 0 .2168
1470 0.125 1 .4559 0.000807 0 .2 7 0 2
1530 0.127 1 .5043 ERR ERR

F i g u r e  7 2 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  12e 
Concentration 8.40 X 10"^ M
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1 . 6
1.5
1.4
1.3
1 . 2

o .e

1 1 . 2  
■ : n o u a a n j ) a ;  . 

S E C O N D S  ( a o o )

0.4 0 .6, .4

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

135 0.305 1450 1 .242 0 .2 8 1 1 0 .000981 0.1584
195 0 .366 0 .3 4 9 2 0 .000979 0.1608
255 0.419 0 .4 1 1 5 0.000978 0.1615
315 0.467 0 .4 7 1 6 0.000979 0.1613
375 0.513 0 .5 3 2 4 0.000979 0.1604
495 0 .592 0 .6 4 7 4 0.000981 0.1577
615 0.663 0 .7 6 2 7 0.000983 0.1548
735 0.726 0 .8781 0.000985 0.1518
915 0.809 1 .0519 0 .000987 0.1487

1095 0 .879 1 .2 2 8 7 0.000987 0.1489
1275 0 .940 1 .4113 0.000985 0.1518
1395 0.972 1 .5229 0 .000992 0 .1384
1995 1.093 2 .1 1 8 4 ERR ERR

F i g u r e  7 3 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  12e 
Concentration 8.34 X 10“4 M



1 0 1

3 .2

1 _■*

0.6 2 2.61 - 6  ^ T h o u a p n d s  
T IM E  ( m o )'

y - a x i s
TIME EXTIN INFIN C (0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0)-P SLOPE INTERCT

198 0 .2 5 5 1480 1 .2 3 3  0 .2316 0.000966 0.0345
258 0 .3 1 0 0 .2900 0 .000967 0.0335
318 0 .3 6 3 0.3485 0.000967 0.0322
378 0 .4 1 2 0.4061 0 .000968 0.0303
438 0 .4 5 7 0.4626 0 .000970 0.0279
558 0 .5 4 0 0 .5760 0.000971 0 .0250
678 0 .6 1 4 0 .6897 0 .000972 0 . 0 2 2 0

798 0 .6 8 1 0 .8042 0 .00 0 9 7 4 0.0189
918 0 .7 4 1 0 .9179 0 .000975 0.0153
978 0 .7 6 8 0 .9753 0.000977 0.0116

1158 0 .8 4 2 1.1492 0 .000979 0.0059
1278 0 .8 8 4 1 .2629 0.000982 - 0 . 0 0 1

1458 0 .9 3 9 1.4336 0 .000987 -0 .0 1 3
1698 0 .9 9 9 1 .6631 0 .000993 -0 .0 3 0
1998 1 .0 5 8 1 .9507 0.001003 -0 .0 5 9
2658 1.141 2 .5943 0 .001047 - 0 .1 8 9
3128 1 .1 7 7 3 .0865 ERR ERR

P ' i g u r e  74. K i n e t i c  D a t a  f o r  S t r u c t u r e  12e
Concentration 8 . 8 6  X 1 0 ~ 4 M



1 0 2

1.2

1 . 1  -  

1 -  

o .a  -
O.G -

0.7 

0.6  -  

R _ 1

" 1

' . 1  - 

o -A-
A. C.2 C.4 A * ^ ft 1w-O 1f'Thc-uepndg)

1.4

TIME (flee)

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c  ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

205 0 .238 1472 1.23 0 .2 1 4 7 0.000733 0.0735
265 0 .2 8 4 0 .2 6 2 9 0.000730 0.0761
325 0 .3 2 9 0 .3 1 0 8 0.000728 0.0783
385 0 .3 6 8 0 .3551 0.000727 0.0798
445 0.407 0 .4 0 1 3 0.000725 0 .0818
505 0.441 0 .4441 0.000723 0.0833
565 0.477 0 .4 9 0 3 0.000721 0.0861
625 0 .509 0 .5 3 3 9 0.000719 0 .0 8 8 4
685 0.541 0 .5 7 9 3 0.000716 0 .0919
745 0.571 0 .6241 0.000713 0 .0958
865 0.626 0 .7 1 1 8 0.000709 0 .1014
985 0.679 0 .8 0 3 5 0 .0 0 0 /0 3 0 .1086

1105 0.722 0 .8 8 4 8 0.000711 0.0983
1225 0.762 0 .9 6 6 9 0.000719 0 .0866
1525 0.853 1 .1825 ERR ERR

F i g u r e  7 5 .  K i n e t i c  D a ta  f o r  S t r u c t u r e  12e
Concentration 8 . 3 6  X 1 0 ~ 4 M
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1 .*
1.3
1 . 2

0.1

0.4 0.6 
CThc.Liscnda, 
TIM E ( a s c )

O .S -»1

y - a x i s
TIME EXTIN INFIN C (0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0)-P SLOPE INTERCT

158 0 .2 9 6 1780 1 .2 5 0 .2698 0 .001488 0 .0 3 3 0
198 0 .3 5 3 0.3319 0 .001488 0 .0325
258 0 .4 3 0 0 .4214 0.001491 0 .0 3 0 5
318 0 .5 0 0 0 .5102 0.001495 0 .0 2 7 4
378 0 .5 6 3 0 .5990 0.001500 0 .0 2 2 7
438 0.621 0 . 6 8 6 6 0.001508 0 .0153
498 0 .6 7 3 0 .7732 0.001520 0 .0033
618 0 .7 6 5 0.9461 0.001544 - 0 . 0 2 0

738 0.841 1.1169 0.001580 - 0 .0 6 0
918 0 .9 3 4 1 .3738 0.001658 - 0 .1 4 8

1218 1 .0 5 8 1.8713 ERR ERR

Figure 76. Kinetic Data for Structure 12h
Concentration 6.94 X 10~^ M
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1.9
1 . 6

6

4
3

1

c_t_ r\ -)
5 J

' w ' . 3  ~~t

o. i 
o

. O'.e-
C T h c- u cp n d f l ;
“HMC

1 .2

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

(sec  ) ABSORB C0EFF ABSORB C ( 0 ) - P SLOPE INTERCT

158 0.296 1780 1.25 0 .2 6 9 8 0 .0 0 1 4 8 8 0.0330
198 0.353 0 .3 3 1 9 0 .0 0 1 4 8 8 0.0325
258 0.430 0 .4 2 1 4 0 .001491 0.0305
318 0 .5 0 0 0 .5 1 0 2 0 .0 0 1 4 9 5 0.0274
378 0.563 0 .5 9 9 0 0 .0 0 1 5 0 0 0.0227
438 0.621 0 . 6 8 6 6 0 .0 0 1 5 0 8 0.0153
498 0.673 0 .7 7 3 2 0 .0 0 1 5 2 0 0.0033
618 0 .765 0 .9 4 6 1 0 .0 0 1 5 4 4 - 0 . 0 2 0

738 0.841 1 .1 1 6 9 0 .0 0 1 5 8 0 -0 .0 6 0
918 0 .9 3 4 1 .3 7 3 8 0 .0 0 1 6 5 8 -0 .1 4 8

1218 1.058 1 .8 7 1 3 ERR ERR

F i g u r e  7 7 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  12h 
Concentration 7.06 X 10"^ M



y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c  ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

81 0 . 2 2 2 1780 1.27 0 .1 9 2 0 0 .0 0 1 5 8 9 0.0844
141 0.333 0 .3 0 4 4 0 .0 0 1 5 7 7 0.0921
2 0 1 0.423 0 .4 0 5 4 0 .0 0 1 5 7 0 0.0965
261 0.503 0 .5 0 4 6 0 .0 0 1 5 6 6 0 . 1 0 0 0

321 0.574 0 .6 0 1 8 0 .0 0 1 5 6 2 0.1025
381 0.638 0 .6 9 7 4 0 .0 0 1 5 6 0 0.1042
441 0.695 0 .7 9 2 4 0 .0 0 1 5 5 9 0.1054
501 0.746 0 .8 8 5 4 0 .0 0 1 5 5 8 0.1060
621 0.836 1 .0 7 2 8 0 .0 0 1 5 5 5 0.1090
741 0.911 1 .2631 0 .0 0 1 5 4 5 0.1183

1041 1.044 1 .7 2 6 6 ERR ERR

Figure 78. Kinetic Data for Structure 12h
Concentration 7.07 X 10"4 M
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2.2
A

1 , 6  -

1 . 6  -

1.4 -

1.2 -  

•i _

0.8  -  

0.6  —  

0.4

\J.*L  -

o

cP

w

TIME

4 a  1 2
CThouopndsO 
TIME (ace)'

y - a x i s
EXTIN INFIN C ( 0 ) /

16 oA

y
( s e c ) ABSORB C0EFF ABSORB C (0)-P SLOPE INTERCT

35 0 .0 0 3 441 0 .2 4 0 .0133 0.000084 0 .0 5 2 8
95 0 .0 0 8 0 .0339 0.000084 0 .0592

215 0 .0 1 4 0 .0605 0.000083 0.0651
335 0 .0 1 9 0.0811 0.000083 0 .0699
675 0 .0 3 0 0 .1312 0.000083 0 .0 7 4 4

1715 0 .0 5 1 0 .2399 0.000083 0 .0 7 4 0
2075 0 .0 5 7 0.2716 0.000083 0 .0630
4655 0 .0 9 1 0.4773 0.000085 0 .0 3 6 8
6935 0 .1 1 4 0.6427 0.000088 -0 .0 1 3

10535 0 .1 4 3 • 0.9059 0.000093 - 0 . 1 2 2

15635 0 .1 7 4 1.2940 0.000107 - 0 .4 2 0
19835 0 .1 9 3 1.6347 0.000140 - 1 .1 3 6
23435 0 . 2 1 2 2.1377 ERR ERR

Figure 79. Kinetic Data for Structure 12i
Concentration 5.44 X 10 M
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.4

1.4

1

f*

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

2 0 0 0 .016 441 0 .2 4 0 .0 6 8 9 0.000066 0.1689
2 0 0 0 0.057 0 .2 7 0 6 0.000065 0.2132
4820 0.095 0 .5 0 3 2 0.000063 0.2527
8420 0 .128 0 .7 6 4 8 0.000062 0.2969

13460 0.162 1 .1226 0.000059 0.3676
20480 0.191 1 .5970 0.000056 0.4907
28220 0 . 2 1 1 2 .1133 0.000049 0.7323
39620 0 .223 2 .6712 ERR ERR

F i g u r e  8 0 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  12i 
Concentration 4 . 8 9  X 1 0 -  ̂ M
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0 .7

0.6  -

0.3 -

0.4 0.6 p.e 1
S T h - Z 'U s o n d ? ;  
Time ( boo)

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 )-P SLOPE INTERCT

30 0 .029 3420 1.329 0 .0217 0 .0 0 0 3 6 6 0.0215
90 0 .0 6 8 0 .0528 0 .00 0 3 6 3 0.0246

2 1 0 0 .1 2 8 0 . 1 0 1 2 0 .0 0 0 3 6 2 0.0263
330 0 .182 0.1471 0.000361 0.0268
450 0 .2 3 0 0 .1901 0 .0 0 0 3 6 2 0.0263
570 0 .277 0 .2332 0 .0 0 0 3 6 2 0.0256
690 0.321 0 .2758 0 .0 00363 0.0246
810 0 .363 0.3191 0 .0 0 0 3 6 4 0.0237
930 0 .4 0 4 0 .3621 0 .0 0 0 3 6 5 0.0225

1050 0.443 0 .4050 0 .0 00365 0 . 0 2 1 2

1170 0.481 0 .4485 0 .0 0 0 3 6 6 0.0207
1230 0 .4 9 9 0 .4705 0 .0 0 0 3 6 5 0 . 0 2 1 1

1410 0 .552 0 .5368 0 .0 0 0 3 6 5 0 . 0 2 2 2

1530 0 .5 8 5 0 .5 7 9 8 0 .0 0 0 3 6 9 0.0158
1710 0.633 0 .6462 ERR ERR

Figure 81. Kinetic Data for Structure 12j
Concentration 3.82 X 1 0“  ̂ M
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1 .3  -p
1 . 2  -

1 . 1  -  

1 -  

o .e  - 
o.a - 
o . ~ ?  —

O . *  -

w  c .  —

i
O  •** —i

!

0 .3  -4

° - 1 1  =° °
c-, .la

C.-4 o .a  i «*> H «&
(Thousands)Time

y - a x i s

2 . 4  2 . 6 **

TIME EXTIN INFIN C( 0 ) / y
( s e c ) ABSORB COEFF ABSORB C (0)-P SLOPE INTERCT

30 0 . 0 2 0 3390 1 .2 9 6  0 .0154 0.000393 0.0261
90 0 .0 7 3 0.0582 0.000392 0.0292

150 0 .1 0 9 0.0875 0.000391 0.0302
240 0 .1 3 8 0.1126 0.000391 0.0304
330 0 .1 9 3 0.1615 0 .000390 0.0326
450 0 .2 4 4 0.2086 0 .000390 0.0326
570 0 .293 0.2559 0 .000390 0.0325
630 0 .3 1 6 0 .2794 0 .000390 0.0322
750 0 .3 6 2 0.3272 0 .000390 0.0318
870 0 .4 0 4 0 .3734 0.000391 0.0309
990 0 .4 4 4 0,4199 0.000391 0.0300

1 1 1 0 0 .483 0.4659 0 .000392 0.0289
1230 0 .5 2 0 0.5132 0.000392 0.0277
1350 0 .5 5 7 0.5611 0.000393 0.0259
1470 0 .5 9 0 0.6079 0.000394 0.0227
1590 0 .623 0.6546 0 .000396 0.0179
1710 0 .653 0.7010 0 .000399 0.0106
1830 0 .6 8 2 0.7475 0.000403 - 0 . 0 0 0

F i g u r e  8 2 .  K i n e t i c  D a t a

Concentration 3 .7 8  X 10

f o r  S t r u c t u r e  12j 
- 4 M



1 1 0

1.5

1.4

1 .3

1.2

1 . 1

1

0 . 3  

O 6

1

■\
o >

0.3

O.i

C j h o u o o n d s )  
T ? p - ( «  ( 5 5 0 }

y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

30 0 .0 1 6 3349 1.265 0 .0 1 2 7 0.000374 0 . 0 2 1 0

90 0 .0 6 3 0 .0 5 0 7 0.000373 0.0240
2 1 0  0 0 .1 2 3 0 .1 0 2 5 0.000373 0.0252
330 0 .1 7 4 0 .1 4 8 2 0.000372 0 .0254
450 0 .2 2 3 0 .1 9 3 6 0.000372 0 .0254
570 0 .2 6 7 0 .2 3 7 4 0.000372 0.0253
690 0 .3 1 1 0 .2 8 1 7 0.000372 0 .0254
810 0 .3 5 2 0 .3 2 6 2 0.000372 0 .0256
930 0 .3 9 1 0 .3 7 0 2 0.000372 0 .0260

1050 0 .4 3 0 0 .4 1 4 9 0.000372 0.0271
1290 0 .5 0 8 0 .5 1 3 0 0.000371 0.0289
1590 0 .5 8 2 0 .6 1 5 8 0.000373 0.0242
1890 0 .6 5 4 0 .7 2 7 0 0.000372 0 .0255
2130 0 .7 0 7 0 .8 1 8 2 0.000371 0 .0284
2 2 0 0 0 .7 3 0 0 .8 6 1 3 0.000371 0 .0305
2550 0 .7 8 6 0 .9 7 0 2 0.000383 - 0 .0 0 8
2670 0 .8 0 6 1 .0 1 3 7 0.000385 -0 .0 1 6
2910 0 .8 4 5 1 .1023 0.000388 - 0 .0 2 7

F i g u r e  8 3 .  K i n e t i c  D a t a  f o r  S t r u c t u r e  12j
Concentration 3 . 8 9  X 10"^ M



y - a x i  s
TIME EXTIN INFIN C (0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 )-P SLOPE INTERCT

30 0 .0 0 7 0 3500 1.17 0 .0 0 6 0 0 .0002129 0 .0055
90 0 .0 3 0 3 0 .0262 0.0002128 0 .0 0 6 0

2 1 0 0 .0 6 3 7 0 .0559 0.0002128 0 .0059
330 0 .0 9 2 4 0.0822 0.0002129 0.0054
450 0 .1 1 9 7 0 .1079 0 .0002130 0 .0046
630 0 .1601 0 .1471 0.0002132 0 .0038
930 0 .2 2 1 4 0 .2097 0.0002134 0 .0026

1230 0 .2 7 8 7 0 .2 7 2 0 0.0002135 0.0015
1530 0 .3 3 3 3 0 .3 3 5 2 0.0002137 0 .0 0 0 5
1830 0 .3 8 4 0 0 .3 9 7 8 0.0002139 - 0 . 0 0 0

2130 0 .4 3 1 9 0 .4606 0 .0002140 - 0 . 0 0 1

2430 0 .4 7 6 4 0 .5228 0.0002141 - 0 . 0 0 2

2730 0 .5 1 9 0 0.5862 0.0002142 -0 .0 0 3
3390 0 .6 0 2 9 0 .7242 0.0002143 - 0 .0 0 3
3750 0 .6 4 3 9 0 .7992 0.0002143 - 0 .0 0 3
4230 0 .6 9 4 3 0 .8999 0.0002143 - 0 .0 0 3
4530 0 .7 2 3 3 0 .9628 0.0002143 - 0 .0 0 3
5130 0 .7 7 6 4 1.0894 0.0002143 - 0 . 0 0 2

5430 0 .8 0 0 7 1.1531 0.0002144 - 0 . 0 0 2

6030 0 .8 4 5 0 1.2809 0.0002145 - 0 . 0 0 1

Figure 84. Kinetic Data for Structure 12k
Concentration 8 . 6 0  X 1 0 ~ 4 M



1 1 2

3-4

4
(Thouaonda Tf me (aeo)

H •** 4 -■> 14

y - a x i s
TIME EXTIN INFIN C (0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 )-P SLOPE INTERCT

30 0 .0139 538 0 .461 0.0305 0.0002229 0 .0 1 0 5
90 0 .0244 0.0543 0.0002230 0 .0 0 9 4

2 1 0 0 .0 3 7 9 0 .0857 0.0002233 0 .0 0 7 2
330 0 .0491 0.1125 0.0002237 0 .0 0 4 2
630 0 .0 7 5 0 0.1774 0.0002241 0 .0 0 0 7
930 0 .0986 0.2404 0.0002245 - 0 .0 0 3

1230 0 .1204 0 .3024 0.0002250 - 0 . 0 0 6
1530 0 .1407 0 .3638 0.0002254 - 0 . 0 1 0

1830 0.1603 0 .4269 0.0002258 - 0 .0 1 4
2130 0.1793 0.4921 0.0002262 - 0 . 0 1 8
2430 0 .1961 0.5535 0.0002266 - 0 . 0 2 2

2730 0 .2 1 1 9 0.6149 0.0002270 - 0 . 0 2 6
3030 0 .2270 0.6774 0.0002273 - 0 . 0 2 9
3330 0 .2401 0.7349 0.0002276 - 0 .0 3 2
3630 0.2543 0.8013 0.0002277 - 0 .0 3 4
3930 0.2784 0.9251 0.0002279 - 0 . 0 3 6
5430 0 .3187 1.1740 0.0002290 - 0 .0 5 1
6030 0 .3357 1.3009 0.0002288 - 0 . 0 4 7
6930 0 .3579 1.4954 0.0002286 - 0 .0 4 1
7830 0 .3767 1.6961 0.0002284 - 0 . 0 3 3

F i g u r e  8 5 .  K i n e t i c  D a ta  f o r  S t r u c t u r e  12k
Concentration 8 . 6 0  X 1 0 - 4  M



y - a x i s
TIME EXTIN INFIN C ( 0 ) / y

( s e c ) ABSORB COEFF ABSORB C (0 ) -P SLOPE INTERCT

30 0.0311 3570 1.02 0 .0 3 0 9 0.0001585 0 .0 6 9 5
90 0.0540 0 .0543 0.0001581 0 .0 7 2 7

2 1 0 0.0749 0 .0 7 6 2 0.0001578 0 .0 7 5 3
330 0 . 1 0 0 1 0 .1 0 3 2 0.0001574 0 .0 7 8 1
510 0.1316 0 .1381 0.0001571 0 .0 8 0 6
630 0.1516 0 .1 6 0 9 0.0001569 0 .0 8 2 8
810 0.1817 0 .1961 0.0001566 0 .0 8 5 1
990 0.2090 0 .2 2 9 2 0.0001564 0 .0 8 6 9

1230 0.2429 0 .2 7 1 9 0.0001562 0 .0 8 8 4
1530 0.2837 0 .3 2 5 9 0.0001561 0 .0 8 9 6
1830 0.3217 0 .3 7 8 9 0.0001561 0 .0 9 0 0
2430 0.3920 0 .4 8 5 0 0.0001561 0 .0 8 9 5
2790 0.4290 0 .5457 0.0001564 0 .0 8 7 0
3210 0.4671 0 .6123 0.0001567 0 .0 8 3 1
3630 0.5080 0 .6 8 9 2 0.0001571 0 .0 7 8 4
4110 0.5454 0 .7 6 5 0 0.0001577 0 .0 7 0 7

F i g u r e  8 6 .  K i n e t i c  D a ta  f o r  S t r u c t u r e  1 2 k

Concentration 4.30 X 10 4 M



PART I I

A CONVENIENT ROUTE TO o r th o -A L K Y L A T E D  PHENOLS 

AND QUINONE MONOKETALS

114



INTRODUCTION

The p a s t  few y e a r s  have  s e e n  a renew ed  i n t e r e s t  i n  t h e  s y n t h e s i s  o f

1 8n a t u r a l l y  o c c u r r i n g  q u in o n e  and  qu inone  d e r i v e d  p r o d u c t s .  An i m p o r 

t a n t  c l a s s  o f  r e a g e n t s  w h i c h  h a s  g r e a t l y  e x p a n d e d  t h e  m e th o d s  i n  

q u i n o n e  c h e m i s t r y  i s  m o n o p r o t e c t e d  q u i n o n e s .  I n  s u c h  c o m p o u n d s ,  o n e  

c a r b o n y l  o f  t h e  q u in o n e  h a s  b e e n  s e l e c t i v e l y  b lo c k e d  i n  some f a s h i o n  t o  

p r e v e n t  n u c l e o p h i l i c  a t t a c k  a t  t h a t  s i t e .  I n  o r d e r  t o  o b t a in  c e r t a i n  

m o n o p r o te c te d  q u in o n e s ,  s e v e r a l  methods h av e  b e e n  u s e d  in  th e  l i t e r a 

t u r e .  The f i r s t  m e n t io n  o f  a  qu in o n e  m o n o k e ta l  i n  th e  l i t e r a t u r e  was i n
g

1957 w h e n  M a r t t i u s  a n d  E i l i n g s f e l d  r e p o r t e d  t h e  s y n t h e s i s  o f  t h e  

m o n o k e t a l s  1  a n d  2  b y  o x i d a t i o n  o f  t h e  a p p r o p r i a t e  p h e n o l  e t h e r  w i t h  

f e r r i c  c h l o r i d e  o r  p o t a s s iu m  h e x a c y a n o f e r r a t e ( I I I ) .  No y i e l d s  f o r  t h e s e  

r e a c t i o n s  w ere  g iv e n .

Fe+ 3

ROH
H3c

h 3c  ' ^ T ' c h
(O R ),

I , R = CH3 

2, R = C2H5

At a b o u t  th e  sam e t im e ,  a J a p a n e s e  group''"® r e p o r t e d  th e  s o l v o l y s i s  

o f  an  o r t h o  g e m in a l  d i c h l o r o q u i n o n e  3 to  t h e  m o n o k e ta l  4. T h is  m e th o d

115
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was l a c k i n g  i n  g e n e r a l i t y  f o r  a  num ber  o f  r e a s o n s ,  i n c l u d i n g  t h e  f a c t  

t h a t  t h e  d i c h l o r o  compound 5 w i l l  n o t  undergo  s o l v o l y s i s .

Cl
' Y i C£!  room tem perature C,V T f ' CI CI' ' f I T ' ' C

V  15-90 — -  y  y
Cl (°CHj)2 c i  Cl

F u r t h e r  work on th e  o x i d a t i o n  o f  m onoe the rs  and e s t e r s  o f  h y d r o q u i -

11 12none w as c o n d u c te d  by  D uckheim er an d  Cohen ’ i n  1964 in  c o n n e c t i o n  

w i t h  t h e i r  s t u d i e s  o f  t h e  o x i d a t i o n  o f  t o c o p h e r o l .  T hey  sh o w e d  t h a t  

e e r i e  ammonium n i t r a t e ,  t e t r a c h l o r o o r t h o q u i n o n e ,  and  N -b ro m o s u c c in im id e  

c o u l d  b e  u s e d  i n  s p e c i f i c  i n s t a n c e s  t o  p r e p a r e  q u i n o n e  m o n o k e t a l s  

( e . g . ,  6  f r o m  7).

A n u m b e r  o f  o x i d a t i o n s  o f  p h e n o l i c  s u b s t r a t e s  w i t h  m a n g a n e s e  

d i o x i d e ,  d i c h lo r o d ic y a n o b e n z o q u in o n e  (DDQ), and s i l v e r  ox ide  have b e e n  

r e p o r t e d  by  S c h o f i e l d  e t  a l l ^  to  g iv e  i n t r a m o l e c u l a r  t r a p p in g  o f  t h e  

i n t e r m e d i a t e  phenoxy lium  io n ,  a f f o r d i n g  good to  p o o r  y i e l d s  o f  s p i r o c y -  

c l i c  compounds ..such a s  9.



I n  1 9 7 1 ,  H e w i t t ^  p r e p a r e d  s e v e r a l  q u i n o n e  m o n o k e t a l s  11 f r o m  

h i n d e r e d  p h e n o l s  10, u t i l i z i n g  a c o p p e r ( I I )  p y r id in e  c o m p le x  and oxygen 

i n  m eth an o l .  A v a r i e t y  o f  o x i d i z i n g  a g e n t s  h av e  been u s e d  i n  su b se q u e n t  

y e a r s .

OH o

^ Bu
CuCI2, 0 2 *-B

c h 3oh
OCH- (OCH.)

A n d e rs  son"*- ̂ ^  p r e p a r e d  a v a r i e t y  o f  q u i n o l s  a n d  m o n o k e t a l s  o f

o r t h o - and  p a r a - q u i n o n e s  ( u s u a l l y  i n  l o w  y i e l d )  v i a  p e r i o d i c  a c i d

1  8o x i d a t i o n  o f  s u b s t i t u t e d  p h e n o l s .  In  th e  s am e  y ea r ,  T a y l o r  p u b l i s h e d  

h i s  n o t a b l e  s tu d y  o f  t h e  p r e p a r a t i o n  o f  q u in o n e  m o n o k e ta l s  u s in g  t h a l -  

l i u m ( I I I )  n i t r a t e  to  o x i d i z e  a l a rg e  n u m b e r  o f  s u b s t i t u t e d  p-m ethoxy- 

p h e n o l s .  Where th e  a p p r o p r i a t e  phenol i s  a v a i l a b l e  (and t h i s  i s  o f t e n  a 

m a j o r  p ro b le m ) ,  t h a l l i u m ( I I I )  n i t r a t e  s e e m s  to  be t h e  m o s t  g e n e r a l l y  

a p p l i c a b l e  o x i d i z i n g  a g e n t  f o r  c o n v e r s io n  t o  t h e  m o n o k e ta l .  I n  a d d i t i o n  

t o  th e  r e q u i r e m e n t  o f  h a v i n g  th e  a p p r o p r i a t e  p h e n o l i c  s u b s t r a t e ,  th e  

m a j o r  d raw b ack s  a r e  i t s  e x p e n s e  and t o x i c i t y .
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B u c h i  a n d  c o w o r k e r s ^  f o l l o w e d  up  t h e  T a y l o r  s t u d y  b y  d o i n g  a 

c o m p a r i s o n  o f  t h e  e f f i c a c y  o f  f e r r i c  c h l o r i d e ,  d ic h lo r o d ic y a n o q u n o n e ,  

a n d  t h a l l i u m ( I I I )  n i t r a t e  i n  o x i d i z i n g  a  v a r i e t y  o f  s u b s t i t u t e d  g -  

methoxy- and  m e th y le n e d io x y - p h e n o l  t o  m o n o k e ta l s .  I n  g e n e r a l ,  t h e  o x i 

d i z i n g  a g e n t s  n i c e l y  com p lem en ted  one a n o t h e r ,  no one o x i d a n t  a lw a y s  

w o rk in g  f o r  a  p a r t i c u l a r  compound.

A n o th er  m e th o d  used  to  o x i d i z e  p h e n o l s  t o  m o n o k e ta l s  i s  e l e c t r o -
Of) 0 1 AO

c h e m ic a l  o x i d a t i o n .  ’ I n  1975, Ronlan p u b l i s h e d  an  e l e c t r o c h e m i 

c a l  o x i d a t i o n  o f  6  to  th e  b e n z o q u in o n e  m o n o k e ta l  7. T h is  p ro c e d u r e  was

9l a t e r  u s e d  b y  F o s t e r  and Payne in  t h e i r  s t u d i e s  o f  t h e  r e a c t i o n  o f  6  

w i t h  v a r i o u s  n u c l e o p h i l e s .  Two l a t e r  s t u d i e s  w e r e  p e r f o r m e d  b y  

R o n la n ,2^.25  w£t j, s u b s t i t u t e d  p h e n o ls .  U s u a l l y  a  low y i e l d  o f  qu inone  

m o n o k e t a l  w a s  o b t a i n e d .  D i m e r i z a t i o n  o r  o v e r  m e t h o x y l a t i o n  o c c u r r e d  

d u r i n g  t h e  a n o d i c  o x i d a t i o n  p r o c e s s .  The s e c o n d  s t u d y  w a s  p r i m a r i l y  

m e c h a n i s t i c ,  a l t h o u g h  i t  a cco m p an ied  p r o d u c t  a n a l y s i s .  The m o n o k e ta ls  

th e y  e n c o u n t e r e d  were l i m i t e d  t o  two e x a m p le s .  However, l i t t l e  u se  has  

b e e n  made o f  t h i s  c h e m is t r y  b y  o t h e r  r e s e a r c h  g roups.

The f i n a l  r o u t e  t o  q u i n o n e  m o n o k e t a l s  i s  v i a  t h e  h y d r o l y s i s  o f  

qu in o n e  b i s k e t a l s ,  as  i l l u s t r a t e d  below:

( O C H , )( O C H , )

( O C H , )

12 13 14
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I n  1966 W in b e rg  r e p o r t e d ^ a  t h a t  h y d r o l y s i s  o f  t h e  b i s - d i m e t h y l k e t a l  o f  

b en z o q u in o n e  gave  a  65% y i e l d  o f  t h e  m o n o k e ta l  7; h o w e v e r ,  d i f f i c u l t y
O £ t  2  7

w a s  e x p e r i e n c e d  i n  d u p l i c a t i o n  o f  t h e  w o rk .  S w e n to n  a n d  H e n to n

s t u d i e d  th e  s c o p e  and th e  l i m i t a t i o n  o f  t h e  e l e c t r o c h e m i c a l  o x i d a t i o n

o f  1 ,4 -d im e th o x y  a r o m a t i c s  t o  b i s k e t a l s  and e s t a b l i s h e d  t h e  u t i l i t y  o f

t h e  m o n o h y d r o l y s i s  o f  s u c h  c o m p o u n d s  t o  m o n o k e t a l s .  To o b t a i n  h i g h

r e g i o s e l e c t i v i t y  i n  t h i s  m o n o h y d r o l y s i s  r e a c t i o n  ( s e e  T a b le  I ) ,

( o c h 3)2 (o c h 3) 2 J

R1 R2

H H Br

H H CH3

H H Si(CH3) 3

H H CH(CH3)(O C H 3)
H H NHC(0)CH3
Br H H

Yield
(%)

88

64
29

58

79

10

Yield
(%)

11

38

19

82
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c e r t a i n  s u b s t i t u e n t s  h a v e  t o  b e  a t t a c h e d  on  a r o m a t i c s  r i n g s .  T h i s  i s

t h e  m a jo r  l i m i t a t i o n  o f  t h i s  r o u t e  t o  q u inone  m o n o k e ta l s .

The p u r p o s e  o f  t h e  w o rk  t o  b e  d e s c r i b e d  i n  t h i s  p a r t  o f  t h i s

m a n u s c r i p t  i s  t o  e x p l o r e  t h e  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  s u b s t i t u t e d

4 - m e th o x y la t e d  p h e n o ls .  These compounds a r e  a v a i l a b l e  by a v a r i e t y  of

m ethods . C l a i s e n  r e a r r a n g e m e n t  o f  p -m e th o x y  a l l y l  e t h e r s ,  ^  t h e  o r t h o - 

2 8f o r m y l a t i o n  o f  p -m e th o x y p h e n o l s , a n d  th e  s e l e c t i v e  d e m e t h y l a t i o n  of 

1 - a c y l  2 ,5 - d i m e t h y l  a r o m a t i c  d e r i v a t i v e s  s e rv e  a s  r o u t e s  to  f u n c t i o n -  

a l i z e d  p -m e th o x y  p h e n o ls .  The o v e r a l l  o b j e c t i v e  was to  u se  t h i s  e l e c 

t r o c h e m i c a l  o x i d a t i o n  p ro c e d u re  t o  p r e p a r e  q u in o n e  m o n o k e ta ls  a s  a key 

s t e p  i n  t h e  p r e p a r a t i o n  o f  qu inone  im in e  k e t a l s .  T h i s  l a t t e r  w o rk  w i l l  

be  p r e s e n t e d  i n  t h e  n e x t  s e c t i o n .

15a. R =
b. R = H 

n

16

r2)HgO

OCHOCH 3 3
17
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Q u in o n e  m o n o k e t a l s  a r e  v a l u a b l e  q u i n o n e  e q u i v a l e n t s .  A m a j o r  

a d v a n ta g e  o f  t h e s e  m o le c u le s  r e l a t i v e  t o  qu inones i s  th e  unam biguous 

r e g i o c h e m i c a l  o u tco m e  o f  a d d i t i o n s  to  e i t h e r  th e  c a r b o n y l  g roup o r  th e  

& - c a r b o n .  T h u s ,  i t  i s  i m p o r t a n t  t o  h a v e  r e g i o s p e c i f i c  r o u t e s  t o  

q u i n o n e  m o n o k e t a l s  i n  o r d e r  t o  f u l l y  u t i l i z e  t h e  a d v a n t a g e s  o f  t h e i r  

c h e m i s t r y .  I n  P a r t  I o f  t h e  t h e s i s ,  t h e  e f f e c t  o f  a l l y l i c  s u b s t i t -  

u t e n t s  on t h e  r e g i o c h e m i s t r y  o f  q u i n o n e  b i s k e t a l  h y d r o l y s i s  w as 

s t u d i e d .  I t  was e s t a b l i s h e d  t h a t  f o r  t h e  m os t  f a v o r a b l e  c a s e - - a  t e t r a -  

l i n  sy s te m  w i t h  a n  a l l y l i c  h y d ro x y l  g r o u p - - t h e  r e g i o c h e m i s t r y  o f  t h e  

h y d r o l y s i s  was q u i t e  s y n t h e t i c a l l y  u s e f u l .  However, i n  s im p le  mono

s u b s t i t u t e d  b e n z e n o i d  s y s t e m s ,  o n l y  a  m o d e s t  r e g i o c h e m i s t r y  w as  

o b s e r v e d  in  t h e  h y d r o l y s i s  o f  th e  b i s k e t a l .  For e x a m p le ,  anod ic  o x i d a 

t i o n  o f  19a , 1 9 b  and  m o n o h y d ro ly s is  o f  t h e  r e s u l t i n g  qu inone  b i s k e t a l

H3C 0  

19a, R = CHjF 

b, R = t-B u

1.5 1

2 .5 1
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gave no s e l e c t i v i t y  e v e n  w i t h  s u b s t i t u e n t s  such  a s  an  e l e c t r o n - w i t h -  

d ra w in g  f l u o r o m e t h y l  g roup  o r  a t - b u t y l  group.

One lo n g - r a n g e  g o a l  o f  t h i s  r e s e a r c h  was t o  i n v e s t i g a t e  i n t r a m o l e 

c u l a r  c y c l i z a t i o n  r e a c t i o n s  o f  q u i n o n e  m o n o k e t a l s  (S ch em e  I ) .  S i n c e

OCH. .<OCH3J2 (o c h 3)2

q u i n o n e  m o n o k e t a l s  f o r m e d  f r o m  m o n o s u b s t i t u t e d  q u in o n e  b i s k e t a l s  v i a

h y d r o l y s i s  n o t  o n l y  g a v e  a  m i x t u r e  o f  p r o d u c t s  b u t  a l s o  g av e  a s  t h e

m a jo r  p r o d u c t  t h e  m o n o k e ta l  i n c a p a b le  o f  i n t r a m o l e c u l a r  c y c l i z a t i o n ,  an

a l t e r n a t i v e  m e th o d  f o r  p r e p a r i n g  t h e s e  co m p o u n d s  w a s  r e q u i r e d .  The

c h e m ic a l  o r  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  an  a p p r o p r i a t e  p -m e th o x y p h e n o l

w ou ld  s o lv e  t h i s  r e g i o c h e m i c a l  p ro b le m . Two m a jo r  c o n s i d e r a t i o n s  w ere

t h e  h i g h - y i e l d  p r e p a r a t i o n  o f  t h e  r e q u i r e d  s u b s t i t u t e d  p -m e th o x y p h e n o l

a n d  t h e  c o m p a t a b i l i t y  o f  t h e  n u c l e o p h i l i c  s i d e  c h a i n  t o  t h e  a n o d i c

o x i d a t i o n  c o n d i t i o n s .  C o n d i t i o n s  f o r  t h e  r e g i o s p e c i f i c  p r e p a r a t i o n  o f

q u i n o n e  m o n o k e t a l s  w e r e  e x a m in e d .  I n  P a r t  I I I ,  t h e s e  r e s u l t s  w e r e

a p p l i e d  t o  t h e  p r e p a r a t i o n  o f  q u inone  im in e  k e t a l s .
OH R

OCH3

21a, R = CH3

b, R = Et

c ,  R = t - B u

20a, R = C2H5 

b, R = CH2- * - B u

2 2
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The s tu d y  b e g a n  w i t h  t h e  p r e p a r a t i o n  o f  t h e  s u b s t i t u t e d  p -m ethoxy

p h e n o ls  2 0 a - b , 2 1 a - c  and 22 a s  l i s t e d  above. Many o -h y d ro x y l  benzade-

29 30h y d e s  a n d  l - a c y l - 2 , 5  d i m e t h o x y  a r o m a t i c  d e r i v a t i v e s  ’ a r e  r e a d i l y  

a v a i l a b l e .  F o r  e x a m p l e ,  t h e  r e q u i r e d  s t a r t i n g  m a t e r i a l  2 - h y d r o x y l - 5 -  

m e th o x y -b en zad eh y d e  6  can  be p r e p a r e d  by th e  R e im er-T iem an  r e a c t i o n  on 

c o m m e r c i a l l y  a v a i l a b l e  p -m e th o x y  p h en o l  a s  shown below . F u r th e rm o re ,

CHCI
NaOH

t h e  b e n z y l  p r o t e c t e d  d e r i v a t i v e  o f  t h i s  s y s te m  c o u ld  a l s o  b e  p r e p a r e d  

( i f  d i f f i c u l t i e s  w e re  e n c o n te d  i n  p e r fo m in g  t h e  o r g a n o m e ta l i c  a d d i t i o n  

to  t h e  u p r o t e c t e d  o -h y d ro x y lb e n z a d eh y d e ) .

The r e q u i r e d  p h e n o ls  2 0 a ,b  w ere  o b t a in e d  by  t r e a t i n g  1 7 a  a t  -78 °C 

w i t h  tw o e q u i v a l e n t s  o f  a l k y l l i t h i u m  r e a g e n t s  t o  g iv e  good y i e l d s  o f  

2 3 a ,b .  The s t r u c t u r e s  a s s i g n e d  t o  2 3 a ,b  w ere  s u p p o r t e d  by s p e c t r o s c o p i c  

and  a n a l y t i c a l  d a t a .  The d i s a p p e a r a n c e  o f  c a r b o n y l  a b s o r p t i o n  i n  th e  IR 

s p e c t r u m  and a ld e h y d e  r e s o n a n c e  i n  th e  NMR sp e c t ru m  i n d i c a t e d  r e a c 

t i o n  t h a t  o c c u r r e d  a t  t h e  a ld e h y d e  c a rb o n y l  g roup . The p r o d u c t  showed a 

s t r o n g  h y d ro x y l  s t r e t c h i n g  i n  t h e  IR sp e c t ru m . R e d u c t io n  o f  2 3 a , b  w i th  

t r i e t h y l s i l a n e  i n  t r i f l u r o a c e t i c  a c i d  a t  room te m p r e tu r e  gave  p h e n o ls  

2 0 a , b  i n  e x c e l l e n t  y i e l d s .  The s t r u c t u r e s  o f  2 0 a , b  w e re  s u p p o r t e d  by 

s p e c t r o s c o p i c  and  a n a l y t i c a l  d a t a .  The IR s p e c t ru m  showed an a b s o r p t i o n  

p e a k  a r o u n d  3 6 0 0 - 3 4 0 0  c m '^  a s s i g n e d  a s  t h e  p h e n o l i c  h y d o x y l  l i n k a g e ,
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and th e  NMR s p e c t r u m  showed e t h y l  r e so n a n c e  ( 2 0 a )  a t  5 -  2.60, 2.12

w i t h  J  — 7 Hz o r  a t - b u t y l  g ro u p  a t  5 = 0 .87  ( 2 0 b ) .

OH 0 HO
Et3SIH 20a (91%)

20b (94%)c f 3coh

OCH 3 OCH3 

23a, R' = CH3 (94%) 

b, R' -  t - B u  (70%)

17

P h e n o l  d e r i v a t i v e s  2 1 a - c  were p r e p a r e d  i n  a  s i m i l a r  manner. R e a c 

t i o n  o f  a l k y l l i t h i u m s  o r  a l k y l  G r ig n a r d  r e a g e n t s  w i t h  24  a t  -78 °C gave  

t h e  a l c o h o l s  2 5 a - c .  T h e s e  a l c o h o l s  w e r e  t h e n  r e d u c e d  w i t h  t r i e t h y l -  

s i l a n e  a t  room t e m p e r a t u r e  u s in g  t r i f l u r o a c e t i c  a c i d  a s  s o lv e n t  t o  g i v e  

th e  known compounds 2 1 a - c .

b, R = Et (80%)

c, R = t -B u  (57%)

P h e n o l  22  w as  p r e p a r e d  b y  t r e a t i n g  2 4  w i t h  NaBH^ f o l l o w e d  by a c i d i c  

w orkup .

EtMgBr
OCH 3

21a (86%) 
21b (80%) 
21c (92%)

25a, R = CH3 (86%)
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Anodic Oxidation Studies
The a n o d i c  o x i d a t i o n  o f  p h e n o l s  w as c o n d u c t e d  a t  0 °C u s i n g  2% 

LiClO^/CHjOH a s  s o l v e n t  and e l e c t r o l y t e .  The o x i d a t i o n  p o t e n t i a l  o f  p- 

m ethoxypheno l i s  v e r y  low. By u s i n g  low a p p l i e d  v o l t a g e  (<4 V) and  low 

c u r r e n t  (<1 A) o n e  c a n  o b t a i n  h i g h  y i e l d s  o f  q u in o n e  m o n o k e ta l  a t  a b o u t  

100% c u r r e n t  e f f i c i e n c y .  T a b l e  I I  g a v e  t h e  r e s u l t s  a n d  y i e l d s  o f  q u i 

n o n e  m onoketal f r o m  th e  o x i d a t i o n  o f  s u b s t i t u t e d  p -m e th o x y p h e n o ls .

The s t r u c t u r e s  o f  t h e  r e s u l t i n g  q u in o n e  m o n o k e t a l s  w e r e  e a s i l y  

c o n f i r m e d  by s p e c t r o s c o p i c  d a ta .  The q u inone  m o n o k e ta ls  show ed s t r o n g  

a b s o r p t i o n s  a r o u n d  1 6 7 0 ,  1630 cm"'*", a s s i g n e d  t o  s t r e t c h i n g  o f  t h e  

c o n j u g a t e d  c a r b o n y l  group. In  a d d i t i o n ,  th e  *"H NMR s p e c t ru m  show ed th e  

e x p e c t e d  AB q u a r t e t s  a ro u n d  5 = 7 .0 -6 .0  w i t h  c o u p l i n g  c o n s t a n t  e q u a l  to  

10 Hz.

From  th e  a b o v e  r e s u l t s ,  f u n c t i o n a l i z e d  q u i n o n e  m o n o k e t a l  c a n  be  

e a s i l y  p re p a re d  v i a  a n o d ic  o x i d a t i o n  o f  p -m e th o x y  p h en o l  d e r i v a t i v e s .  

B e c a u s e  t h e  o x i d a t i o n  p o t e n t i a l  o f  p - m e t h o x y  p h e n o l  i s  v e r y  low  

a n d  t h e  e l e c t r o l y s i s  c o n d i t i o n  i s  m i l d  (0 °C a t  n e a r  n e u t r a l  pH ), t h e  

r e a c t i o n  c o n d i t i o n  s h o u ld  be c o m p a t i b l e  w i th  a  v a r i e t y  o f  s u b s t i t u e n t s  

o n  t h e  p h e n o l .  F o r  e x a m p l e ,  17 , c o n t a i n i n g  a  c o n j u g a t e d  d o u b l e  b o n d  

g i v e s  t h e  r e s p e c t i v e  q u i n o n e  m o n o k e t a l  i n  g o o d  y i e l d s .  O t h e r  g r o u p s  

s u c h  a s  k e t a l  g r o u p s  a n d  s e c o n d a r y  a l c o h o l s  c a n  a l s o  b e  u s e d  a s  s u b 

s t i t u e n t s  in  t h i s  p h e n o l  o x i d a t i o n .  T h is  work d e m o n s t r a t e s  t h e  g e n e r a l  

n a t u r e  o f  the  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  p -m e th o x y  p h e n o l s  f o r  p r e 

p a r a t i o n  o f  q u in o n e  m o n o k e ta ls .
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Table II

Anodic Oxidation o f  Substitu ted  
p-m ethoxy  Phenols

S u b str a te  Product Yield (%)

O
,Et

20a II H 82
&

(OCH3)2

26a

*

C H j - t - B u

20b I Jj 83

(o c h 3)2

26b 

O CH

213 f l V S  82

(OCH3)2

(OCH3)2
26d

O £-Bu

21c r f i f ' S  82
g 6

(OCH3)2

26e 

O

22 77

(OCH3)2
26f
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Summary

An e f f i c i e n t ,  r e g i o s p e c i f i c ,  c o n v e r g e n t  r o u t e  t o  o - a l k y l a t e d  

p h e n o l s  and  t h e n c e  t o  q u i n o n e  m o n o a c e t a l s  i n v o l v e s  r e a c t i o n  o f  t h e  

c o r r e s p o n d in g  2 - h y d r o x y  c a r b o n y l  d e r i v a t i v e  w i t h  a l k y l l i t h i u m  r e a g e n t s ,  

f o l l o w e d  by t r i e t h y ' l s i l a n e  r e d u c t i o n  and e l e c t r o c h e m i c a l  o x i d a t i o n .



EXPERIMENTAL

G e n e r a l  P r o c e d u r e s

M e l t i n g  p o i n t s  w ere  ta k e n  i n  c a p i l l a r i e s  i n  a Thom as-Hoover "Uni-

m e l t "  a p p a r a t u s  and  a r e  u n c o r r e c t e d .  I n f r a r e d  s p e c t r a  w e re  on a P e r k in -

1 1 ^E l m e r  M o d e l  283B s p e c t r o m e t e r .  H and  C n u c l e a r  m a g n e t i c  r e s o n a c e  

s p e c t r a  (NMR) w ere  re c o rd e d  on IBM NR 80 Model s p e c t r o m e t e r .  A l l  NMR 

s p e c t r a  w e r e  r e c o r d e d  i n  CDCl-j a n d  a r e  r e p o r t e d  i n  ppm r e l a t i v e  t o  

CHCl^ ( 6  — 7 .2 4 )  u n l e s s  o t h e r w i s e  n o t e d .  M ass  s p e c t r a l  a n d  e x a c t  m ass  

m e s u re m e n ts  w ere  o b t a i n e d  from Mr. R ic h a rd  W e is e n b e r g e r  on a K ra to s  MS- 

30 s p e c t r o m e t e r .  A lum ina  and s i l i c a  g e l  w ere  o b t a i n e d  f ro m  E. Merck Co. 

T e t r a h y d r o f u r a n  was p u r i f i e d  by d i s t i l l a t i o n  f ro m  benzophenone  k e t y l .  

D i c h o r o m e t h a n e ,  b e n z e n e ,  an d  t o l u e n e  w e r e  d i s t i l l e d  f r o m  c a l c i u m  

h y d r i d e .  A nhydrous d i i s o p r o p y l a m i n e  and t r i e t h y l  am ine  w e re  d i s t i l l e d  

from  p o t a s s i u m  h y d ro x id e .  Anhydrous d im e th y l  fo rm am id e  w as d i s t i l l e d  

from  b a r i u m  o x id e  ( 79 ®C, 35 mm). A l l  o f  t h e s e  p u r i f i e d  s o l v e n t s  w ere  

s t o r e d  o v e r  4A m o l e c u l a r  s i e v e s .  S o l u t i o n s  o f  a l k y l  l i t h i u m s  o r  a l k y l  

m agnesium  b ro m id e s  w ere  from A l d r i c h  C hem ica l  Co.

T h ro u g h o u t  t h e  e x p e r im e n ta l ,  t h e  f o l l o w i n g  a b b r e v i a t i o n  a r e  used: 

p e t r o l e u m  e t h e r ,  bp 35-60 °C (PE), t e t r a h y d r o f u r a n  (THF), e t h y l  e t h e r  

( E t 2 0 ) ,  n - b u t y l l i t h i u m  ( n - B u L i ) ,  a n d  d i e t h y l a m i n o s u l f u r  t r i f l u o r i d e  

(DAST).

1 28
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A l l  p r e p a r a t i v e  a n o d i c  o x i d a t i o n s  were  p r e f o r m e d  i n  a s i n g l e - c e l l  

o r  i n  H- type  d i v i d e d - c e l l  a p p a r a t u s  i n  m et h an o l  u s i n g  a c i r c u l a r  p l a t i 

num gau z e  anode (33 mm d i a m e t e r  x 28 mm hig h)  a n d  p l a t i u m  s h e e t  ca th o d e  

( 8 x 8  mm) u n l e s s  o t h e r w i s e  s t a t e d .

P r e p a r a t i o n  o f  23a  f rom 17

To a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  

o f  THF (20 mL) a n d  1 .7  M CH3L i  ( 6 4 . 7  mL,

2 .2  e q u i v )  a t  -77  °C u n d e r  N2  w a s  a d d e d  

17  [ 7 . 6  g, 0.05 m m o l  i n  THF (2 0  mL) ] 

s l o w l y .  The m i x t u r e  w as  s t i r r e d  f o r  30 

min  a n d  th e n  warmed t o  room t e m p e r a t u r e  

o v e r  2h .  The r e a c t i o n  was  q u e n c h e d  b y  a d d i t i o n  o f  s a t u r a t e d  NH^Cl (40 

mL), c o n c e n t r a t e d  i n  vacuo ,  e x t r a c t e d  w i t h  CH2 CI 2  (350 mL), a n d  washed 

w i t h  b r i n e  (50 mL). Drying (Na2 SO^) and  c o n c e n t r a t i o n  i n  v a c u o  gave a 

l i g h t  y e l l o w  s o l i d .  R e c r y s t a l l i z a t i o n  (CH2 C I 2 / P E )  gave  2 3 a  (7 . 9  g, 

94%); mp 7 6 - 7 8 . 5  °C ;  IR (KBr) 3 6 0 0 - 3 1 0 0  ( b r ) ,  2 9 7 0 ,  1500 ,  1 4 6 0  ( s h ) ,  

1 4 5 0 ,  1440 ,  1270 ,  1 2 4 0 ,  1200,  1 1 1 0 ,  1070 ,  10 40;  1H NMR 7 .50  ( b s ,  1 H) , 

6 . 9 - 6 . 4 5  (m, 3 H ) , 5 . 1 5 - 4 . 8 0  (m, 1 H ) , 3.71 ( s ,  3 H ) , 2.82 ( b s ,  1 H ) , 

1 .54  ( d ,  J  -  6 . 6  Hz ,  3 H); 13C NMR 1 52 .9 ,  1 4 8 . 7 ,  1 2 9 .9 ,  1 1 7 . 2 ,  113 .6 ,

1 1 2 . 4 ,  70 .4 ,  55 .7 ,  2 3 . 1 ;  mass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

m/e  168.0787, o b s d  m /e  168.0754.

P r e p a r a t i o n  o f  20a  f rom 23a  

A m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  CH2 C I 2  ( 2 0  mL) , 2 3 a  (5 .8  g, 

0 .0345 mol ) ,  and E t 3 SiH (14 mL, ® 2.5 equiv)  was c o o l e d  to  0 °C. A f t e r

OH

OCH3
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a d d i n g  CF3 CO2 H (30 mL), t h e  m i x t u r e  was

s t i r r e d  f o r  30 m i n  a n d  c o n c e n t r a t e d  i n  u q

v a c u o .  M o l e c u l a r  d i s t i l l a t i o n  a t  ^ v nŷ ' c2h 5

80 ° C / 0 . 2 5  t o r r  g a v e  20a ( 4 . 8 g ,  91%):

IR ( f i l m ,  c m ' 1) 3 6 0 0 - 3 1 0 0  ( b r ) ,  2 9 6 0 ,  OCHj
2 9 4 0 ,  1 5 1 0 ,  1450 ,  1 4 3 0 ,  12 50 ,  1 2 0 0 ,

1 1 8 0 ,  1 1 5 0 ,  1030,  8 0 0 ;  1H NMR 6 . 8 - 6 .4 (m, 3 H), 5 . 1 - 4 . 0  ( b r ,  1 H ) , 3.75 

( s ,  3 H) ,  2 .60  (q,  J  = 7 .4  Hz, 2 H ) , 1 .2 1  ( t ,  J  = 7 . 4  Hz, 3 H); 1 3 C NMR 

1 5 3 . 3 ,  1 4 7 . 5 ,  1 3 1 .8 ,  1 1 5 . 9 ,  1 1 1 .5 ,  5 5 . 6 ,  22. 9,  1 3 .6 ;  ma s s  s p e c t r u m ,

e x a c t  mass  c a l c d  f o r  CgH-^C^ m/e 152.0837,  obsd m/e  152.0191.

P r e p a r a t i o n  o f  23b f rom  17

To a  s o l u t i o n  o f  THF (20 mL) a n d

1.7 M t - B u L i  (10 .5  mL, 2.2 e q u i v )  a t  

-77 °C 17  [ 1 . 23  g,  8 . 1 1  mmol  i n  THF (1 0  

mL)] was  a d d e d s l o w l y .  The r e a c t i o n  m i x 

t u r e  w a s  s t i r r e d  f o r  30 m i n  a t  - 7 0  °C 

a n d  t h e n  a t  room t e m p e r a t u r e  f o r  3 h .

The r e a c t i o n  was q u e n c h e d  by a d d i t i o n  o f  s a t u r a t e d  NH^Cl (30 mL), and 

t h e  m i x t u r e  was  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 30 

mL), a n d  washed w i t h  b r i n e  (30 mL). D ry in g  (Na2 SC/) and c o n c e n t r a t i o n  

i n  v a c u o  y i e l d e d  a l i g h t - y e l l o w  o i l .  F l a s h  co lumn c h r o m a t o g r a p h y  gave 

2 3 b  ( 1 . 1 9  g,  70%): mp 7 7 - 7 9 . 5  °C; IR (KBr c m ' 1 ) 3 4 3 0 ,  3 6 0 0 - 3 1 0 0  ( b r ) ,

29 60 ,  1 5 1 0 ,  1465 ,  1 4 3 0 ,  13 5 0 ,  1 2 7 0 ,  12 0 0  ( b r ) , 1 1 5 0 ,  1 0 8 5 ,  1 0 5 0 ,  810;  

XH NMR S 7 .79  ( s ,  1 H ) , 6 .7 5  ( b r  s ,  2 H),  6 .45 ( b r  s ,  1 H ) , 4 . 4 8  ( d ,  J 

= 3 Hz ,  1 H), 3.72 ( s ,  3 H ) , 2 .56 (d ,  J  -  3 H, 1 H), 0 .9 8  ( s ,  9 H);  1 3 C

C(CH3h
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NMR 1 5 2 . 0 ,  1 5 0 . 1 ,  1 2 5 .1 ,  1 1 7 . 5 ,  1 1 5 .5 ,  1 1 3 . 8 ,  8 4 . 3 ,  5 5 . 8 ,  3 7 . 1 ,  26.1 (3 

C); m ass  s p e c t r u m ,  e x a c t  mass  c a l c d  f o r  C^gH-j^O^ SZ® 210.1256,  obsd 

m / e  210 .1240.

P r e p a r a t i o n  o f  20b f r o m  23b

To a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  

o f  CH2 C1 2  (3 mL), 2 3 b  (0 . 7 8 2  g, 3 .72 u p

mmo l)  a n d  E t ^ S i H  (2.5 mL, °° 5 e q u i v ,

I Ie x c e s s )  a t  r oom  t e m p e r a t u r e  was  a d d e d  

a d d e d  CF 2 C02H (3 .3  mL). The m i x t u r e  was OCH3

s t i r r e d  f o r  5 min  and t h e n  c o n c e n t r a t e d

i n  v a c u o  t o  y i e l d  a y e l l o w  o i l .  F l a s h  co lum n c h r o m a t o g r a p h y  gave 2 5a  

( 0 . 6 8 3  g,  94%): mp 6 6 - 6 7 . 5 ;  IR (KBr,  c m ' 1 ) 3 6 0 0 - 3 2 0 0  ( b r ) ,  29 4 0 ,  2850,

1 5 0 0 ,  1 4 3 0 ,  1 2 0 5 ,  1180 ,  1 1 5 0 ,  1030;  XH NMR 6 6 .6 7  ( s , 3  H ) ,  5 .24  ( b r ,  1 

H),  3 .7 8  ( s ,  3 H),  2.52 ( s ,  2 H ) , 0 .99  ( s ,  9 H); 1 3 C NMR 1 5 2 . 9 ,  148 .3 ,  

1 2 7 . 1 ,  1 1 8 . 4 ,  1 1 6 . 0 ,  1 1 2 .3 ,  5 5 .7 ,  4 3 . 3 ,  3 2 . 6 ,  2 9 .4  (3 C); m a s s  s p e c 

t r u m ,  e x a c t  mass  c a l c d  f o r  C1 2 Hl g 0 2  m/e  192 .1150,  ob sd  m/e  192.1163.

P r e p a r a t i o n  o f  25a  f r o m  24

To a -7 7 ^C  m a g n e t i c a l l y  s t i r r e d  

s o l u t i o n  o f  THF (10 mL) a n d  1.7 M CHgLi  

(0.95 mL, 2.2 e q u i v )  a t  -77 °C was added 

2 4  [ 289  mg, 1.5 mmol i n  THF (5 mL)] 

s l o w l y .  A f t e r  s t i r r i n g  f o r  15 m in  a t  

-77 °C a n d  30 m i n  a t  room t e m p e r a t u r e ,  

t h e  r e a c t i o n  w a s  q u e n c h e d  b y  t h e

HO
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a d d i t i o n  o f  s a t u r a t e d  NH^Cl (15 mL). The r e s u l t i n g  s o l u t i o n  was c o n 

c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  C H j C ^  (2 x  30 mL) , a n d  b r i n e  (20  

mL). D r y i n g  (Na2 S0 ^ )  and c o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  c r u d e  25 a  (291 

mg, 93%). F la s h  c o l u m n  c h r o m a to g r a p h y  (CH2 C I 2  a s  e l u a n t )  g a v e  25a  (276 

mg, 8 8 %): IR ( n e a t ,  c m " 1) 3 6 0 0 - 3 1 0 0  ( b ) , 2 9 4 0 ,  1470 ( b ) , 1 4 4 0 ,  1250 

(b ) ,  1 0 6 0 ;  1H NMR 6  8.12 ( s ,  1 H ) , 6.65 ( s ,  2 H ) , 3.73 ( s ,  3 H), 1 .5 -

3.0 (m, 7 H), 1 .59  ( s ,  3 H); 1 3 C NMR 6 150 .3 ( s ) ,  149.5 ( s ) ,  128 .2  ( s ) ,

125 .9  ( s ) ,  113.9 ( d ) ,  110.2 (d )  , 74.2 ( s ) ,  5 5 . 8  (q ) ,  3 9 . 8  ( t ) ,  27.2

( q ) ,  2 3 . 2  ( t ) ,  2 0 .4  ( t ) ;  mass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  Cq21*16<13

m/e 208 .1009,  ob sd  m / e  208.1151.

P r e p a r a t i o n  o f  21a f rom  2 5 a

To a  s o l u t i o n  o f  CH2 C I 2  (1 5  mL),

262 mg (1 .26  m m o l ) ,  and  E t ^ S i H  (7.3

e q u i v ,  1 .5  mL) w a s  a d d e d  CF3 CO2 H (1.5 

mL) s l o w l y .  A f t e r  5 mi n  t h e  r e a c t i o n  

m i x t u r e  was  c o n c e n t r a t e d  i n  vacuo .  F la s h  

co lum n c h r o m a t o g r a p h y  ( 1 : 1  PE/CH2 C I 2 ) o f  

t h e  r e s i d u r e  y i e l d e d  2 5 a  (209 mg, 8 6 %).

(known compound,  s e e  P a r t  I).

P r e p a r a t i o n  o f  25b f rom 24 

To a  -77 s t i r r e d  s o l u t i o n  o f  THF 

(10 mL) a n d  1.9 M EtM gBr  (2 .45 mL, 2.2 

e q u i v )  w a s  ad d ed  2 4  [ 4 0 6  mg, 2 . 1 1  mmol 

i n  THF ( 5  mL)] s l o w l y .  The m i x t u r e  was HO
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s t i r r e d  f o r  50 mi n  a t  -78®C, a n d  t h e n  f o r  2 h  a t  room t e m p e r a t u r e .  The 

r e a c t i o n  w a s  q u e n c h e d  b y  t h e  a d d i t i o n  o f  s a t u r a t e d  NH^Cl (15  mL), 

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (2 x 30 mL) , a n d  w a s h e d  

w i t h  b r i n e  (20 mL). D ry in g  (Na 2 S0 ^) a nd  c o n c e n t r a t i o n  i n  vacuo y i e l d e d  

a  c r u d e  y e l l o w  o i l .  F l a s h  c o l u m n  c h r o m a t o g r a p h y  (CH 2 C I 2 ) g a v e  2 5 b  

(81%):  IR ( n e a t ,  c m ' 1 ) 3 6 0 0 - 3 1 0 0  ( b r ) , 2 9 3 0 ,  14 7 0  ( b r ) , 1 4 3 5 ,  1250

( b r ) ,  1170 ,  1 0 5 0 ;  1H NMR S 6 . 6 4  ( s ,  2 H ) , 3 .73  ( s ,  3 H) ,  3 . 0 - 1 . 4  (m, 9 

H),  0 .9 4  ( t ,  J  = 7 Hz,  3 H);  mass  s p e c t r u m ,  e x a c t  ma s s  c a l c d  f o r

C13H18°3 SZ® 222.1256, o b s d  m / e  222.1261.

P r e p a r a t i o n  o f  21b f r o m  25b

To a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  

o f  2 4  (382  mg, 17.2 m m o l) ,  CH2 C12  (2 

m L ) , a n d  E t g S i H  (1.5 mL, e x c e s s )  was 

a d d e d  CF2 CO2 H (1 .5  mL). T h e  r e a c t i o n  

m i x t u r e  was  s t i r r e d  f o r  5 m i n  a n d  c o n 

c e n t r a t e d  i n  v a c u o  t o  y i e l d  c r u d e  c r y s t a l l i n e  25c.  R e c r y s t a l l i z a t i o n  

(CH2 C I 2 /PE) gave 21 b  (283 mg, 80%). (known compound,  s e e  P a r t  I)

HO

P r e p a r a t i o n  o f  25c f r o m  24c 

To a m a g n e t i c a l l y  s t i r r e d  m i x t u r e  

o f  THF (15 mL) a n d  1.7 M t - B u L i  (9.98 

mL, 2 .2  e q u i v )  u n d e r  n i t r o g e n  a t  -77 °C 

w a s  a d d e d  2 4  [ 1 . 4 9  g,  7.7 m m ol  i n  THF 

(1 0  mL)] s l o w l y .  The r e a c t i o n  m i x t u r e  

was  s t i r r e d  f o r  30 min  a t  -77°C and  the n

HO



134

a t  room t e m p e r a t u r e  f o r  1 h.  The r e a c t i o n  was q u e nche d  by  t h e  a d d i t i o n  

o f  s a t u r a t e d  NH^Cl (15 mL), and t h e  m i x t u r e  was c o n c e n t r a t e d  i n  vacuo ,  

e x t r a c t e d  w i t h  C l ^ C l  (3 x 30 mL), a n d  w a s h e d  w i t h  b r i n e  (20 mL). 

D r y i n g  (N a2S0^ )  a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  a  y e l l o w  o i l .  F l a s h  

c o l u m n  c h r o m a t o g r a p h y  g a v e  5 M 2 5 c  ( 0 . 8 2  g) a n d  2 5 c  (492  mg, 26%, 57% 

b a s e d  o n  u n r e c o v e r e d  s t a r t i n g  m a t e r i a l ) :  IR  ( f i l m ,  c m ' ^ )  3 6 0 0 - 3 1 0 0 ,

29 50 ,  1 4 7 0 ,  1440 ,  1 4 0 0 ,  13 7 0 ,  1250  ( b r ) ,  1 0 4 0 ,  9 90 ,  8 0 0 ,  730;  1H NMR S 

9.91 ( s ,  1 H), 6 .63 ( s ,  2 H), 3 .74  ( s ,  3 H ) , 3 . 0 - 1 . 0  (m, 6 H), 0 .98  ( s ,  

9 H) , 0 .8 7  ( s ,  1 H); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  C1 5 H2 2 O3  

250.1569,  obsd  m/e 250.1606.

P r e p a r a t i o n  o f  21c  f ro m  25c

To a  s i r r e d  s o l u t i o n  o f  CH2 C I 2  (2 

mL), 2 5 c  (270 mg, 1.08 mmol),  and Et^SiH 

(2 mL, e x c e s s )  was  a d d e d  CF-jC^H (2 .5  

mL). The  m i x t u r e  w a s  s t i r r e d  f o r  5 m i n  

and c o n c e n t r a t e d  i n  v a c u o  t o  g iv e  c r u d e  

2 1 c .  F l a s h  c o l u m n  c h r o m a t o g r a p h y  gave 

21c  (232.1 mg, 92%). R e c r y s t a l l i z a t i o n  (CH2 CI 2 /PE) gave  2 1 c  (202.9 mg, 

80%): mp 91.5-93.5 °C (known compound,  s e e  P a r t  I ) .

Anod ic  O x i d a t i o n  o f  20a  

I n  a n  e l e c t r o l y s i s  c e l l  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r e r  was  d i s s o l v e d  

2 0 a  ( 4 . 1  g ,  0 . 0 2 9  m m o l )  a n d  2%

LiCO^/CH^OH (170 mL). The s o l u t i o n  was

(OCKjJj
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e l e c t r o l y z e d  a t  0 °C (2 .95  V, 0 .0 8  A) f o r  18 h  a f t e r  w h i c h  t i m e  TLC 

(CH2 C I 2  a s  e l u a n t )  showed no s t a t t i n g  m a t e r i a l  r e m a i n i n g .  The r e s u l t i n g  

s o l u t i o n  was  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 60 

m L ) /H 2 0  (40 m L ) , a n d  w a s h e d  w i t h  b r i n e  ( 3 0  mL),  and  c o n c e n t r a t e d  i n  

v a c u o  t o  g i v e  a  y e l l o w  o i l .  M o l e c u l a r  d i s t i l l a t i o n  (50 °C)  ga ve  2 6 a  

(3 . 8 7  g ,  78%): IR ( f i l m ,  c m ' 1 ) 2960 ,  2 9 4 0 ,  1 6 7 5 ,  1650 ,  1 4 6 0 ,  1120,

109 0  ( b r ) ,  105 0  ( b r ) ,  960;  1H NMR 6 . 6 6  (d o f  AB q , J = 10 ,  3 Hz,  1 H), 

6 . 5 5 - 6 . 4 3  (m, 1 H ) , 6 .24 (AB q ,  J  = 10 Hz,  1 H ) , 3.30 ( s ,  6 H),  2.27 

( q ,  J  = 7 Hz,  2 H ) , 1.02 ( t ,  J  = 7 Hz,  3 H); m a s s  s p e c t r u m ,  e x a c t  mass  

c a l c d  f o r  c qoH14°3  m/e  182 .0943,  obsd m/e  182.0948.

( O C ^

CH2COCH3V)

Anodic O x i d a t i o n  o f  20b

I n  a n  e l e c t r o l y s i s  c e l l  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r e r  was  d i s s o l v e d  

2 0 b  ( 1 8 8  m g ,  0 . 9 7  m m o l )  a n d  2%

LiClO^/CH-jOH. The s o l u t i o n  was  e l e c t r o 

l y z e d  a t  0 °C (2 . 0  V, 0 .04  A) f o r  1.3 h 

a f t e r  w h i c h  t i m i  TLC (CH2 C I 2  s h o w e d  no

r e m a i n i n g  s t r a t i n g  m a t e r i a l .  The r e s u l t i n g  s o l u t i o n  was c o n c e n t r a t e d  i n  

v a c u o ,  e x t r a c t e d  w i t h  C ^ C l j  (2 x 30 mL)/H 2 0  ( 2 0  mL) , and  w a s h e d  w i t h  

b r i n e  (20 mL). D ry in g  (Na2 S0 ^) a n d  c o n c e n t r a t i o n  i n  vacuo g a v e  f a i r l y  

p u r e  26 b  (205 mg, 94%). F l a s h  c o lu m n  c h r o m a t o g r a p h y  (CH2 C I 2 ) gave  26b 

(181  mg, 83%): IR ( f i l m ,  c m ' 1 ) 2950 ,  2 6 8 0 ,  2 6 5 0 ,  1120 ,  1 0 8 0 ,  1060

( s h ) ,  10 4 0 ,  960 ;  1H NMR S 6 .75  ( d  o f  AB q, J  = 1 0 ,  3 Hz, 1 H) , 6 .51  (d,  

J - 3 H ,  1 H), 6 .2 4  (AB, J  -  10 Hz ,  1 H) , 3 .35  ( s ,  3 H ) , 2 . 2 5  ( s ,  2 H) , 

0 .87  ( s ,  9 H); 1 3 C NMR 185.3 ,  1 4 2 . 3 ,  140 .9 ,  1 3 8 . 5 ,  130 .3 ,  9 3 . 1 ,  50.2 (2
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C), 4 0 . 9 ,  3 1 . 4 ,  29 .3  (3 C);  m a s s  s p e c t r u m ,  m a ss  s p e c t r u m ,  e x a c t  m a s s  

c a l c d  f o r  C1 3 H2 0 0 3  m/e 224.1412,  o b s d  m /e  224.1425.

Anod ic  O x i d a t i o n  o f  21a

I n  a  s i n g l e  e l e c t r o l y s i s  c e l l  w a s  

p l a c e d  2 1 a  (20  mg, 1 .09 mmol)  a n d  2%

LiC10^/CH 3 0H (70 mL). The s o l u t i o n  was  

e l e c t r o l y z e d  a t  0°C f o r  1 h (2 .5  V,

0 . 0 3 5  A) w i t h  t h e  r e a c t i o n  b e i n g  m o n i 

t o r e d  b y  TLC. The  r e s u l t i n g  s o l u t i o n

w a s  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 30 mL) /H20 (50  

mL), and  washed  w i t h  b r i n e  (30 mL). D r y i n g  (Na2 S0^) and  c o n c e n t r a t i o n  

i n  v a c u o  y i e l d e d  a  l i g h t  y e l l o w  o i l .  F l a s h  co lumn c h r o m a t o g r a p h y  gave 

2 6 c  ( 1 9 8 . 2  mg, 82%): IR ( n e a t ,  c m ' 1 ) 2 9 6 0 ,  167 0 ,  1 6 4 0 ,  16 20 ,  12 9 0 ,

1280 ( s h ) ,  11 7 0 ,  1 0 9 0 ,  1060  ( b r ) ,  1040;  LH NMR S 6 .6 5  (ABq, J  -  10 Hz, 

1 H),  6 .3 6  (ABq, J  -  10 Hz, 1 H ) , 3.17 ( s ,  3 H ) , 3 . 0 - 1 . 1  (m, 7 H ) , 1 .06  

(d ,  J  «  7 Hz, 3 H); 1 3 C NMR 184 ,  1 5 1 . 0 ,  1 4 2 .9 ,  1 4 1 . 1 ,  1 3 2 .8 ,  9 5 .5 ,  

5 0 .8 ,  2 9 . 3 ,  2 6 .0 ,  2 3 . 3 ,  2 0 .6 ,  1 6 .9 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

C13H18°3 SZ® 222.1256,  obsd  m/e  222.1266.

Anodic O x i d a t i o n  o f  21b 

I n  a  s i n g l e  e l e c t r o l y s i s  c e l l  w as  

p l a c e d  2 1 b  (226  mg, 1 .09  mmol)  a n d  2% 

LiC10^/CH 3 0H (70 mL). The s o l u t i o n  was 

e l e c t r o l y z e d  (1 .2  h )  a t  0 °C (2 .7  V,

0 .0 4  A) u n t i l  TLC s h o w e d  d i s a p p e a r a n c e
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o f  s t a r t i n g  m a t e r i a l .  Th e  r e s u l t i n g  s o l u t i o n  w a s  c o n c e n t r a t e d  i n  

v a c u o ,  e x t r a c t e d  w i t h  CH2 CI (3 x 30 mLO/I^O (30 mL), a n d  w a s h e d  w i t h  

b r i n e .  D r y i n g  (Na 2 S 0 4 ) a n d  c o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  a y e l l o w  

o i l .  F l a s h  co lu m n  c h r o m a t o g r a p h y  (CH2 CI 2 ) gave  2 6 d  (209 mg, 85%): IR

( f i l m )  2 9 3 0 ,  1 6 7 0 ,  16 40 ,  1 6 2 0 ,  1460 ,  1 2 9 0 ,  11 10 ,  1 1 0 0 ,  10 6 0  ( b r ) ,  9 60 ,  

8 4 0 ,  7 30 ;  1H NMR S 6 .63 (AB q ,  J  -  10 Hz,  1 H ) , 6 .35  (AB q ,  J  = 10 Hz, 

1 H),  3 .1 5 ,  3 .1 4  ( s ,  6  H),  2 . 9 - 1 . 0  (m, 9 H),  0 .99  ( t ,  J  = 7 Hz, 3 H); 

1 3 C NMR 5 1 8 4 . 4 ,  15 1 .0 ,  1 4 2 . 8 ,  1 41 .0 ,  1 3 2 . 8 ,  95 .4 ,  5 0 .7  (2 C), 3 2 .5 ,

2 6 . 4 ,  2 4 . 6 ,  2 3 . 2 ,  1 7 .0 ,  1 2 . 0 ;  m ass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r

C14H20°3  2 ^  236.1413,  ob sd  m/e  236.1319.

w h i c h  t i m e  TLC showed no m a t e r i a l  r e m a i n

u n t i l  d i s a p p e a r a n c e  o f  s t a r t i n g  m a t e r i a l .  The r e s u l t i n g  s o l u t i o n  was 

c o n c e n t r a t e d  i n  va cuo ,  e x t r a c t e d  w i t h  CH2 CI 2 /H 2 O (3 x 30 mL/30 mL), and 

w a s h e d  w i t h  b r i n e .  Dry ing  (Na2 S0 4 ) and c o n c e n t r a t i o n  i n  v a c u o  gave 2 6 e  

a s  a  l i g h t  y e l l o w  o i l  ( 2 5 5 .1  mg, 97%). F l a s h  c o l u m n  c h r o m a t o g r a p h y  

(CH2 C I 2 ) gave 2 6 e  (216.4 mg, 82%, known compound).

Anodic  O x i d a t i o n  o f  21c

I n  a n  e l e c t r o l y s i s  c e l l  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r e r  w as  p l a c e d  2 1 b 

(233  mg, 1 m m ol)  a n d  2% L i C 0 4 /C H 3 0H (70 

mL). The  s o l u t i o n  was  e l e c t r o l y z e d  a t  

0 °C ( 2 .1  V, 0 . 0 3 4  A) f o r  1 .4  h a f t e r

(OCHj^
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Anodic Oxidation of 22
I n  a n  e l e c t r o l y s i s  c e l l  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r e r  was  p l a c e d  2 2  

( 2 3 4  mg, 1 .33  m m o l )  a n d  2% LiClO^/CH^OH 

(70 mL). The s o l u t i o n  was e l e c t r o l y z e d  

a t  0 °C (2 V, 0 . 0 4 1  A) f o r  1 .5  h ,  a f t e r (0CH3)2

w h i c h  t i m e  TLC s h o w e d  n o  s t a r t i n g

m a t e r i a l  r e m a i n i n g .  The r e s u l t i n g  s o l u t i o n  was c o n c e n t r a t e d  i n  v a c u o ,  

e x t r a c t e d  w i t h  CH2 C I 2  (3 x  30 mL) /}^© (30 mL), and w a s h e d  w i t h  b r i n e  

(30 mL). D ry in g  (Na 2 S0 ^) and  c o n c e n t r a t i o n  i n  vacuo y i e l d e d  c ru de  26f 
(241 mg, 8 8 %). F l a s h  column c h r o m a t o g r a p h y  gave 26f (212  mg, 77%): IR

( f i l m ,  c m ' 1) 2 9 3 0 ,  2 8 2 0 ,  16 7 0 ,  1 6 4 0 ,  16 2 0 ,  13 00 ,  1100 ,  1 0 6 0  ( b r ) ,  9 5 0 ;  

1H NMR 6 .23  (AB q ,  J  -  10 Hz,  1 H ) , 6 .39  (AB q, J  = 10 Hz ,  1 H ) , 6 . 8 5 -  

5 .85  (m, 2 H), 3 .2 1  (m, 6  H),  2 . 4 8 - 2 . 2  (m, 4 H ) ; 13C NMR 1 8 2 .4 ,  1 4 7 . 6 ,

1 4 3 . 4 ,  1 3 3 .4 ,  1 3 2 . 1 ,  1 29 .1 ,  1 1 9 . 1 ,  95 . 4 ,  5 1 .0  (2 C), 2 1 . 5 ,  20 .6;  m a s s  

s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  c i 2 H1 4 ° 2  1 9 0 . 0 9 9 4 ,  o b s d

m / e ! 9 0 .0990.
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Figure 2. 80 MHz 1H NMR Spectrum of 2 0 a
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Figure 8 . 80 MHz NMR Spectrum of 26a

150



PPM
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Figure 10. 80 MHz ^H NMR Spectrum of 27a
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Figure 11. 80 MHz NMR Spectrum of 27b
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INTRODUCTION

Q u i n o n e  i m i n e s  a n d  q u i n o n e  d i i m i n e s  h a v e  b e e n  o f  l o n g - s t a n d i n g  

1-3i n t e r e s t  i n  c h e m i s t r y ,  and th e  f o r m e r  m o i e t i e s  h a v e  be en  p r o p o s e d  as

i n t e r m e d i a t e s  i n  a numb er  o f  b i o l o g i c a l  p r o c e s s e s .  The s i m p l e  quinone

1 - 3i m i n e  m o i e t y  i s  e x t r e m e l y  u n s t a b l e  u n d e r  c o n d i t i o n s  u s e d  f o r  i t s  

g e n e r a t i o n ,  and i t  i s  s u b j e c t  t o  r a p i d  h y d r o l y s i s ,  c o n d e n s a t i o n  r e a c 

t i o n s  w i t h  s t a r t i n g  m a t e r i a l ,  and n u c l e o p h i l e - i n d u c e d  p o l y m e r i z a t i o n .  

I n v e s t i g a t o r s  h a v e  g e n e r a t e d  t h i s  i n t e r m e d i a t e  f r o m  e l e c t r o c h e m i c a l  

o x i d a t i o n  o f  o - a m i n o p h e n o l s ^  a n d  £ - a m i n o p h e n o l s , ^ a n d  much o f  t h e  

i n f o r m a t i o n  on t h e  r a t e s  o f  r e a c t i o n  o f  q u i n o n e  i m i n e s  d e r i v e s  f rom  

c y c l i c  v o l t a n i m e t r y 4 ' ^  a n d  f a s t  f l o w  k i n e t i c  s t u d i e s  o f  m a t e r i a l s  

g e n e r a t e d  i n  s i t u .

T h r e e  a r e a s  o f  c u r r e n t  i n t e r e s t  i l l u s t r a t e  t h e  p i v o t a l  r o l e  o f  the  

qu inone  i m i n e  i n  b i o l o g i c a l  sy s te m s .  Thus,  t h e  o x i d a t i o n  o f  dopamine  

a n d  a n u m b e r  o f  i t s  d e r i v a t i v e s  h a s  b e e n  s t u d i e d  e l e c t r o c h e m i c a l l y  

s i n c e  t h e  qu in one  i m i n e  i s  a r e a s o n a b l e  i n t e r m e d i a t e  f o r  the  f o r m a t i o n  

o f  m e l a n o i d  p ig m e n ts ,  a s  i l l u s t r a t e d  i n  t h e  a b b r e v i a t e d  scheme be low.

^    o x i d .   1 o x i d .   . Melanoid

H0J U >   HO-WnJ  "hoAJVJn u  N H ,  HO I
2 H

156



157

R e c e n t  s t u d i e s  o f  t h e  a n a l g e s i c  p a r a c e t a m o l , ^ 4 ,  a t t r i b u t e  i t s  

t o x i c i t y  t o  a  m e t a b o l i c a l l y  f o r m e d  q u i n o n e  i m i n e  w h i c h  b i n d s  c e l l  

m a c r o m o l e c u l e s ,  p r e s u m a b l y  v i a  a M i c h a e l - t y p e  a d d i t i o n .

O

CH3*VH
o x id .

C H C n v OH

< r

n ucleoph iles  
(I ]J '=’ o —o —► A d d ucts

0

6

F i n a l l y ,  r e a c t i o n  o f  N - m e t h y l - 9 - h y d r o x y e l l i p t i c i n i u m  a c e t a t e ,  7, 

w i t h  h o r s e r a d i s h  p e r o x i d a s e  i n  b i o l o g i c a l  s y s t e m s  h a s  l e d  t o  t h e  i s o l a 

t i o n  o f  a d d u c t s  w i t h  a d e n o s i n e ^ ' ^  a n d  g u a n o  s i n e ^  a s  w e l l  a s  more  

s t a n d a r d  n u c l e o p h i l e s .  These  p r o d u c t s  r e a s o n a b l y  a r i s e  f rom a t t a c k  a t  

C-10 o f  t h e  q u i n o n e  im in e  8  i n t e r m e d i a t e  shown b e l o w .  I n t e r e s t i n g l y ,  

o n l y  p r o d u c t s  f rom  n u c l e o p h i l i c  a t t a c k  a t  C-10 w e r e  i s o l a t e d .  Whi le  

t h i s  wa s  a s c r i b e d  t o  a r e g i o s p e c i f i c  f u n c t i o n a l i z a t i o n  r e a c t i o n ,  th e  

i s o l a t e d  y i e l d s  o f  p r o d u c t  w e r e  i n  t h e  30-40% r a n g e  s o  t h a t  i t  i s  

d i f f i c u l t  t o  r u l e  ou t  o t h e r  p o s i t i o n s  o f  a t t a c k  o f  t h e  n u c l e o p h i l e  on 

t h e  q u i n o n e  i m i n e .  F u r t h e r m o r e ,  i n  a t  l e a s t  o n e  c a s e ,  t h e  i n i t i a l  

p r o d u c t  w a s  m i s a s s i g n e d ,  a n d  t h e  a c t u a l  p r o d u c t  w a s  t h e  r e s u l t  o f  a

s e c o n d  o x i d a t i o n  o f  th e  i n i t i a l l y  for m ed  ad d u c t . 10



1 5 8

CHCH.
HO.

oxidation

7

HOH,C b a se
HOH.C b a se  

2 L A

HOO CH CH
3

9 10

I n  a d d i t i o n ,  t h e  c h e m i s t r y  o f  N - a l k y l a t e d  q u i n o n e  i m i n e  i n t e r 

m e d i a t e s  o f f e r s  p o s s i b l e  e x p l a n a t i o n s  f o r  some s i d e  e f f e c t s  o f  lon g-

1 9t e r m  c h l o r o p r o m a z i n e  t h e r a p y .

As i s  e v i d e n t  f ro m  t h e  s h o r t  d i s c u s s i o n  above ,  t h e  q u in one  im in e  

u n i t  i s  a n  i m p o r t a n t  e n t i t y  i n  b i o l o g i c a l  s y s t e m s .  C o n v e n t i o n a l  

m e t h o d s  o f  g e n e r a t i n g  q u i n o n e  i m i n e s  i n v o l v e  o x i d a t i o n ^  ( p o t a s s i u m  

d i c h r o m a t e ,  f e r r i c y a n i d e , p e r m a n g a n a t e ,  s i l v e r  o x i d e ,  l e a d  d i o x i d e ,  N- 

3 , 5-  d i n i t r o b e n z o y l - N  - t - b u t y l  n i t r o x y l , ’ ’ 6  e l e c t r o c h e m i c a l )  o f  g - a m i n o -  

p h e n o l s .  The p r e s e n c e  o f  t h e  u n r e d u c e d  form d u r i n g  t h e  o x i d a t i o n  can 

l e a d  t o  c o n d e n s a t i o n  a n d  p o l y m e r i z a t i o n  p r o d u c t s .  Even b i o l o g i c a l  

o x i d a t i o n  ( h o r s e r a d i s h  p e r o x i d a s e )  r e q u i r e s  t h a t  o t h e r  s p e c i e s  p r e s e n t  

be  s t a b l e  t o  t h e  o x i d a t i o n  c o n d i t i o n s .  As n o t e d  abov e  i n  t h e  e l l i p t i -
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cen e  s t u d i e s , ^ ®  i n  s i t u  g e n e r a t i o n  o f  qu inon e  i m i n e s  v i a  o x i d a t i o n  can  

l e a d  t o  f u r t h e r  o x i d a t i o n  o f  t h e  i n i t i a l l y  f o r m e d  p r o d u c t s .  T h i s  c o u l d  

n o t  o n l y  c o m p l i c a t e  i n t e r p r e t a t i o n  o f  t h e  c h e m i s t r y  b u t  c o u l d  a l s o  g iv e  

p r o d u c t s  d e r i v e d  f r o m  r e a c t i o n  o f  t h e  s u b s t r a t e  w i t h  o t h e r  o x i d i z e d  

s p e c i e s .  F u r t h e r m o r e ,  o x i d a t i o n s  p e r f o r m e d  i n  b u f f e r e d  a q u e o u s  s o l u 

t i o n -  - t y p i c a l  o f  many o f  t h e  m e c h a n i s t i c  a n d  b i o l o g i c a l  s t u d i e s - - 

v i r t u a l l y  e n s u r e  c o m p e t i n g  r e a c t i o n  o f  t h e  q u in o n e  im in e  w i t h  w a t e r .

H Q  ^  <- ^

t x x x

12

O ther  

11

Chemical Generation of Quinone Imine
As m e n t i o n e d  b e f o r e ,  q u i n o n e  i m i n e s  a r e  u s u a l l y  q u i t e  u n s t a b l e

u n d e r  c o n d i t i o n s  u s e d  f o r  t h e i r  g e n e r a t i o n .  F o r  e x a m p l e ,  a J a p a n e s e  

13group  p r e p a r e d  q u in o n e  i m i n e s  and  quinone  d i i m i n e s  by u s i n g  PbC^ and 

KjFe(CN)g as  o x i d a t i o n  a g e n t s  t o  o x i d i z e  13 t o  14  and 15 t o  16 a s  shown 

be low .

PbO , .
2 ir _____ decom posed

product

14
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decom posed  
product

15 16

The y e l l o w  c o m p o u n d s  14  a n d  16 c o u l d  n o t  b e  i s o l a t e d  b e c a u s e  o f  

t h e i r  i n s t a b i l i t y .  T h e s e  c o m p o u n d s  w e r e  i d e n t i f i e d  o n l y  by  UV 

a b s o r p t i o n  s p e c t r a  ( e . g . ,  1 4  a n d  16  c o u l d  e x i s t  o n l y  i n  d i l u t e  s o l u 

t i o n ) .  T h i s  i n s t a b i l i t y  h a s  p r e v e n t e d  t h e i r  i s o l a t i o n  a n d  a  more  

d e t a i l e d  s t u d y  o f  t h e i r  c h e m i s t r y ,  s p e c t r o s c o p y ,  a nd  b i o l o g y  u n d e r  w e l l  

d e f i n e d  c o n d i t i o n s .

S t a b l e  q u in o n e  i m i n e  d e r i v a t i v e s  a r e  known; h o w e v e r ,  t h e  n i t r o g e n  

s u b s t i t u e n t s  a r e  r e m o v e d  o n l y  u n d e r  h a r s h  r e a c t i o n  c o n d i t i o n .  I n  t h e  

1950 ' s  Adams and  h i s  c o - w o r k e r s ^  s u c c e s s f u l l y  u s e d  l e a d  t e t r a a c e t a t e  

t o  o x i d i z e d  N - p r o t e c t e d  g - a m i n o p h e n o l  17 t o  qu in o n e  m o n o s u l f o n i m i d e s  18 

and  N - p r o t e c t e d  g - p h e n y l e n e d i a m i n e  19 t o  p - q u i n o n e  d i s u l f o n i n i d e s  20 as 

shown be low.

NHSO^Ph
Pb(O A c)

17 18
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NHS02Ph

A  l b(-0Ac\

NHS02Ph 

19

These  q u i n o n e  i m i d e s  and  d i i m i d e s  a r e  s t a b l e  enough to  be  i s o l a t e d  

and c an  be r e a c t e d  w i t h  a c e t y l a c e t o n e  a n i o n  t o  a f f o r d  M ic hae l  a d d i t i o n  

p r o d u c t s .  H o w e v e r ,  a t t e m p t e d  r e m o v a l  o f  t h e  p h e n y l s u l f o n y l  g r o u p  

r e q u i r e s  h e a t i n g  i n  c o n c e n t r a t e d  a c i d  and  r e s u l t s  i n  c y c l i z a t i o n  t o  the 

f u r a n  a n d  i n d o l e  d e r i v a t i v e s  21  a n d  2 2 .  The  s t r o n g l y  a c i d i c

. i^S02P h

N S 02Ph

20

0

„  » ' c h i c o 2c h 3) 2 h 2nv q A c h ^

2}H_0+ ' - < ^ 0  CH3
S  21

1 ) - C H ( C 0 2C H 3)2 H2N _  i C H ,

2 0  r>+

22

2 )h3o " '“"a

c o n d i t i o n s  r e q u i r e d  f o r  d e b l o c k i n g  o f  t h e  p h e n y l s u l f o n y l  group s e v e r e l y  

l i m i t  t h e  s y n t h e t i c  u s e  o f  t h i s  p r o t e c t i n g  g r o u p  f o r  p r e p a r i n g  t h e  

e x t r e m e l y  s e n s i t i v e  u n p r o t e c t e d  qu inone  i m i n e  l i n k a g e .
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A l e w o o d  a n d  h i s  c o - w o r k e r ^  s t u d i e d  t h e  o x i d a t i o n  m e c h a n i s m  o f  

a n a l g e s i c  p a r a c e t a m o l  ( N - a c e t y l a t e d  £ - a m i n o p h e n o l )  2 3 t o  N - a c e t y l - 1 , 4  

b e n z o q u i n o n e  i m i n e  24  v i a  N - h y d ro x y l  i n t e r m e d i a t e  25;  h o w e v e r ,  no y i e l d  

was r e p o r t e d .

0

I ' A c H,
r  h o

oxidation

i n

23

O

N ^ C H .

0
O

24

A m o r e  r e a d i l y  r e m o v a b l e  g r o u p  on  q u i n o n e  i m i n e  w o u l d  b e  a c a r -  

b o x y l i c  a c i d  amide  l i n k a g e .  L ik e  q u i n o n e s u l f o n i m i d e  t h e  qu in o n e  im id e  

24  c a n  b e  i s o l a t e d  v i a  s i l i c a  g e l  c h r o m a t o g r a p h y ,  b u t  some d e c o m p o s i 

t i o n  r e s u l t s  and  t h e  compound a p p a r e n t l y  c a n n o t  o b t a i n e d  pu re .

Electrochemical Generation of Quinone Imines
M or e  r e c e n t l y  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  a m i n o p h e n o l  1 was  

s t u d i e d  by  Y o u n g . ^  By u s i n g  a c a r b o n - p a s t e  e l e c t r o d e ,  o x i d a t i o n  o f  1 

i n  1M HCIO^ and M c l l v a i n e  b u f f e r s  gave q u i n o n e i m i n e  3 w h i c h  p o l y m e r i z e d  

t o  m e l a n o i d  p i g m e n t s .  T h e s e  w o r k e r s  w e r e  p r i m a r i l y  c o n c e r n e d  w i t h  

k i n e t i c  i n v e s t i g a t i o n s  o f  t h e  e l e c t r o g e n e r a t e d  qu in on e  i m i n e s  by c y c l i c  

v o l t a m m e t r y .  No p r e p a r a t i v e  r e a c t i o n s  o f  t h e  q u in on e  i m i n e s  g e n e r a t e d  

i n  t h i s  s t u d y  w ere  r e p o r t e d .

A n o t h e r  e l e c t r o c h e m i c a l  and  s p e c t r o s c o p i c  s t u d y  o f  q u i non e  i m i n e s  

h a s  b e e n  d e s c o v e r e d  by Sawyer and h i s  c o - w o r k e r . ^  I n  t h i s  work e i t h e r  

c h e m i c a l  ( l e a d  d i o x i d e )  o r  e l e c t r o c h e m i c a l  o x i d a t i o n  o f  3 , 5 - d i - t - b u t y l -
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26 27

2 - a m in o p h e n o l  26 g e n e r a t e d  t h e  o - q u i n o n e  i m i n e  27. However ,  a g a i n  a 

k i n e t i c  s t u d y  o f  t h e  i n  s i t u  g e n e r a t e d  o - q u i n o n e  i m i n e  w a s  t h e  m a j o r  

g o a l  o f  t h e  s t u d y .  W h i l e  t h e  l e a d  d i o x i d e  o x i d a t i o n  w a s  r e p o r t e d  t o  

g i v e  27 i n  h i g h  y i e l d ,  even  t h i s  h i g h l y  h i n d e r e d  compound r e a c t e d  w i t h  

s t a r t i n g  28 t o  g i v e  u n r e p o r t e d  p r o d u c t s .
D

F i n a l l y ,  a n o t h e r  way can  be  u s e d  t o  p r o -  N

r o u t e  t o  t h e  q u i n o n e  i m i n e  k e t a l s  as  shown i n

Scheme I .  Anodic  o x i d a t i o n  t h e  t r i f l u o r o a c e t a m i d e  a f f o r d s  t h e  qu inone 

i m i n e  k e t a l s  3 2 a - d  i n  t h e  y i e l d  shown. The t r i f l u o r o a c e t a m i d e  group  n o t  

o n l y  b l o c k e d  o x i d a t i o n  a t  t h e  amino  group  b u t  a l s o  a l l o w e d  d e p r o t e c t i o n  

t o  t h e  amine  by h y d r o l y s i s  u n d e r  m i l d  b a s i c  c o n d i t i o n s .  The c y c l i z a t i o n  

p r o c e s s  c an  be c o n d u c t e d  i n  w a t e r  a t  pH 6 .5 -7 .0  f o r  16 h.

t e c t  q u i n o n e  i m i n e s ,  a n d  t h i s  w o u l d  b e  t o

p r e p a r e  q u i n o n e  i m i n e  k e t a l  s u c h  a s  2 8 .

1 ftCh ua n  S h i h  i n  t h i s  l a b o r a t o r y  d e v e l o p e d  a

(OCH3)2
28
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OCH.

X ' 6 l  H j t  y i C H J  N CF,
h 3c o

29

©
( O C H 3) 2

2% KOH/CH-OH > 0 ( C H  ) N'
(o c h 3)2 

30

1) OH
2)H20

(OCH3)

31

a , X = OCH3# n = 1 (681)

b , X = OCH3, n = 2 (451)

c , X = Br,
d , X = Br,

n = 1 
n = 2

(46%)

(57%)

(OCH,)
W - '

32

W hil e  t h e  abov e  a p p r o a c h  g i v e s  a c c e p t a b l e  y i e l d s ,  c o n s i d e r i n g  f o u r

c h e m i c a l  s t e p s  a r e  i n v o l v e d ,  i t  i s  s e v e r e l y  l i m i t e d  b y  r e q u i r i n g  a

gr ou p  w hi ch  d i r e c t s  t h e  m o n o h y d r o l y s i s  o f  t h e  k e t a l  f u n c t i o n  a d j a c e n t

t o  t h e  s i d e  c h a i n  c o n t a i n i n g  t h e  amino  group.  For  t h e  above  s y s t e m ,  t h e

m e th o x y l  and bromo s u b s t i t u e n t s  d i r e c t  h y d r o l y s i s  i n  t h i s  manner ,  b u t

a l l  a t t e m p t s  t o  p r e p a r e  u n s u b s t i t u t e d  q u i n o n e  i m i n e  k e t a l s  v i a  t h i s

s t r a t e g y  a f f o r d e d  d i f f i c u l t - t o - s e p a r a t e  m i x t u r e s .  T h i s  i s  t h e  m a i n

l i m i t a t i o n  o f  t h i s  r o u t e .

The a b o v e  d i s c u s s i o n  wa s  n o t  i n t e n t e d  t o  g i v e  a c o m p r e h e n s i v e

r e v i e w  o f  q u in o n e  i m i n e  c h e m i s t r y .  Thi s  t o p i c  i s  p r e s e n t e d  i n  d e t a i l  

19i n  P a t a i ’s c h a p t e r .  H o w e v e r ,  t h e  c h o s e n  e x a m p l e s  i l l u s t r a t e  t h e  

i n t e r e s t  a n d  m e t h o d s  u s e d  t o  g e n e r a t e  t h e  h i g h l y  r e a c t i v e  q u i n o n e  

i m i n e  l i n k a g e .
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O b j e c t i v e

The o v e r a l l  o b j e c t i v e s  o f  t h i s  r e s e a r c h  pr ob le m  w ere  t o  d e v e l o p  a 

g e n e r a l  r o u t e  t o  qu inone  i m i n e  k e t a l s  u s i n g  the  o x i d a t i o n  o f  £ - m e t h o x y  

p h e n o l s  w h i c h  were d i s c u s s e d  i n  P a r t  I I  o f  t h i s  d i s s e r t a t i o n .



RESULTS AND DISCUSSION

As n o t e d  i n  t h e  i n t r o d u c t i o n ,  t h e  i n t r a m o l e c u l a r  r e a c t i o n  o f  

q u i n o n e  m o n o k e t a l s  w i t h  s i d e  c h a i n s  c o n t a i n i n g  a m i n o  g r o u p s  t o  f o r m  

qu in o n e  i m i n e  k e t a l s  i s  n o t  g e n e r a l .  The l i m i t a t i o n  i n  t h i s  a p p ro a c h  

i s  t h e  r e g i o c h e m i s t r y  o f  t h e  b i s k e t a l  m o n o h y d r o l y s i s .  I f  a s t r o n g  

d i r e c t i n g  g r o u p  i s  n o t  p r e s e n t  t o  d i r e c t  h y d r o l y s i s  t h e n  v e r y  p o o r  

y i e l d s  o f  t h e  q u i n o n e  i m i n e  k e t a l  r e s u l t .  I f  t h e r e  i s  no  d i r e c t i n g  

group  p r e s e n t e d ,  f o r  exa m pl e ,  a s  i n  33,  b a s e  d e p r o t e c t i o n  and  monohy

d r o l y s i s  o f  34  gave no i s o l a b l e  q u i none  i m i n e  k e t a l  35.

33 34

(major)
35

(minor)

polym er?

(OCH3)2

36

(minor)
166



167

As m e n t i o n e d  m  P a r t  I I  o f  t h i s  t h e s i s ,  s u b s t i t u t e d  £ - m e t h o x y  

phenols  c a n  b e  e l e c t r o c h e m i c a l l y  o x i d i z e d  t o  s u b s t i t u t e d  q u in o n e  mono

k e t a l s .  The g o a l  was  a g e n e r a l  r o u t e  

l i n e d  i n  S c h e m e  I I .  T h i s  r o u t e  w o u l d  

r o u t e s  r e q u i r i n g  r e g i o s e l e c t i v i t y  i  

k e t a l s .

OCH

t o  q u i n o n e  i m i n e  k e t a l s  a s  o u t -  

a v o i d  t h e  p r o b l e m  i n h e r e n t  w i t h  

n t h e  h y d r o l y s i s  o f  q u i n o n e  b i s -

d eprotection

(OCH,)

The s t a r t i n g  p h e n o l s  3 7 a - f  w e r e  p r e p a r e d  a s  show n b e l o w  (4

H? r1 r2 h JL ho
K ^ C „ 2)i/ " 3

° CH3 OCH

37a, R1 = r 2 = H, n = 1 

b, R1 = H, R2 = OH, n = 1

c' r1 = CH3, R2 = o h , n = 1
d , R1 = H, R2 = OH, n = 2
e , R = CH3 , R2 = OH, n = 2

S e r i e s  I  (R1  -  R2  -  H, n -  1):

3 
37f

38
0 C H 3 OCH

39
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Sodium b o r o h y d r i d e  r e d u c t i o n  o f  38 ,  f o l l o w e d  by  h y d r o g e n a t i o n  o f  t h e  

n i t r o  group  and  d e p r o t e c t i o n  o f  t h e  p h e n o l  gave  t h e  known compound 39. 

T h e n  p r o t e c t i o n  o f  t h e  a m i n e  s i d e  c h a i n  b y  r e a c t i o n  o f  39  w i t h  one  

e q u i v a l e n t  t r i f l u o r o a c e t i c  a n h y d r i d e  and  u s i n g  t r i e t h y l  amine  a s  a  b a s e  

t o  n e u t r a l i z e  t r i f l u r o a c e t i c  a c i d  gave 3 7 a  i n  good y i e l d .  The s t r u c t u r e  

o f  3 7 a  was s u p p o r t e d  by s p e c t r o s c o p i c  d a t a .  Most  i n f o r m a t i v e  was t h e  

s t r o n g  IR a b s o r p t i o n  a t  1710 c m ' ^  a s s i g n e d  as  t r i f l u o r o a m i d e  l i n k a g e .

S e r i e s  I I  (R1  -  H, R2  -  OH o r  R1  = CH3 , R2  -  OH, n  -  1)

O R osi(cH3h
ITT = (c h j , n

TMSCN LAH

o c h 3

40a, R = H 

b , R = CH

crow n -eth er
KCN OCH 3

3

41a, R = H 

b , R = CH
3

P

i

42a, R = H 
b , R = CH

H2 <c f 3c o )2o  

Et3N

Pli

C r "
6 c h „

0  R OH
NHCCF3 H j/P d /C

I
37b ,c

3

3

43a, R = H 

b , R = CH3
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The p r e p a r a t i o n  o f  t h e  s e c o n d  s e r i e s  o f  compounds i n v o l v e d  p r e p a r a t i o n  

o f  t h e  c y a n o h y d r i n  o f  4 0 a , b .  T h u s ,  r e a c t i o n  o f  one  e q u i v a l e n t  t r i -  

m e t h y l s i l y l  c y a n i d e ,  a  c a t a l y t i c a l  amount  o f  c rown e t h e r  ( 1 8 - c r o w n - 6 ) , 

a n d  p o t a s s i u m  c y a n i d e  u n d e r  r e f l u x  c o n d i t i o n s  (150  °C)  f o r  2 - 3  h o u r s  

gave  4 1 a , b  i n  v e r y  good y i e l d s .  The s t r u c t u r e s  o f  4 1 a , b  w e re  s u p p o r t e d  

by s p e c t r o s c o p i c  d a t a .  A weak IR a b s o r p t i o n  a t  2220 cm” '*' was a s s i g n e d  

as  c y a n i d e  l i n k a g e .  The NMR showed t r i m e t h y l  s i l y l  p r o t o n s  a t  8 0.1. 

L i t h i u m  a l u m i n u m  h y d r i d e  r e d u c t i o n  o f  4 1 a , b  i n  d r y  THF o v e r n i g h t  a t  

room t e m p e r a t u r e  gave  i n  h i g h  y i e l d s  p r o d u c t s  4 2 a , b .  The s t r u c t u r e s  o f  

4 2 a , b  w e r e  s u p p o r t e d  b y  s p e c t r o s c o p i c  d a t a :  a b r o a d  IR p e a k  a r o u n d  

3600-3100 cm’ ^ i n d i c a t i n g  t h e  NH2  l i n k a g e ,  and th e  NMR showed two 

NH2  p r o t o n s  a s  b r o a d  p e a k s  a t  8 2 .1 .  L i k e  S e r i e s  I ,  t r i f l u o r o a c e t y l  

am ide  f o r m a t i o n  o f  4 2 a , b  w i t h  t r i f l u o r o a c e t i c  a n h y d r i d e  gave 4 3 a , b .  

F i n a l l y ,  h y d r o g e n a t i o n  o f  4 3 a , b  w i t h  p a l l a d i u m  on c a r b o n  as  c a t a l y s t  

gave  3 7 b , c  i n  good y i e l d s .

S e r i e s  I I I  (R1  -  H, R2  -  OH o r  R1  -  CH3 , R2  = OH, n  = 2 ) :

The  n e x t  s e r i e s  o f  c o m p o u n d s  w a s  p r e p a r e d  u s i n g  a c e t o n i t r i l e  a s  t h e  

s o u r c e  o f  t h e  c a r b o n  a n d  n i t r o g e n  o f  t h e  s i d e  c h a i n .  The  a n i o n  f r o m  

a c e t o n i t r i l e  (which  was p r e p a r e d  by  a d d i t i o n  o f  a c e t o n i t r i l e / T H F  s o l u 

t i o n  t o  a s o l u t i o n  o f  l i t h i u m  d i i s o p r o p y l  a m i n e )  was  r e a c t e d  w i t h  

4 0 a , b .  Workup  f o l l o w e d  b y  f l a s h  c o l u m n  c h r o m a t o g r a p h y  g a v e  4 4 a , b  i n  

g o o d  y i e l d s .  The s t r u c t u r e s  o f  4 4 a , b  w e r e  s u p p o r t e d  b y  s p e c t r o s c o p i c  

d a t a .  A weak IR a b s o r p t i o n  a r o u n d  2210 cm’ ^ i s  a s s i g n e d  t o  t h e  c y a n i d e  

l i n k a g e .  The ''"H NMR s p e c t r u m  showed an  e x t r a  m e t h y l e n e  p e a k  a t  6 2.97. 

L i t h i u m  a l u m i n u m  h y d r i d e  r e d u c t i o n  o f  4 4 a , b  y i e l d e d  4 5 a , b .  A g a i n ,
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-A u ~CH.CN40a, b -------2----- 1

PI OH
C = N

CH

44a, R = H

LAH

45a, R = H 

b, R = CH3 b , R = CH3

PI R OH
NH

OCH

Ph'

(̂ C° ^ °  , 3 7 d ,e

T c h 3 °  

46a, R = H 
b, R = CH ,

t r i f l u o r o a c e t y l  g r o u p  was  u s e d  t o  p r o t e c t  t h e  a m i n e ,  g i v i n g  4 6 a , b .  

H y d r o g e n o l y s i s  o f  4 6 a , b  gave t h e  r e q u i r e d  p h e n o l  3 7 d , e  i n  good  y i e l d s .

S e r i e s  IV:

The f i n a l  s e r i e s  o f  compounds c h o s e n  f o r  s t u d y  was p r e p a r e d  by  add ing  

t r i m e t h y l s i l y l c y a n i d e  t o  47 t o  a f f o r d  a good y i e l d  o f  48 .  L i t h i u m  a- 

lum in um h y d r i d e  r e d u c t i o n  o f  48 g a v e  49 i n  e x c e l l e n t  y i e l d .  T r i f l u o r o a -  

c e t y l  p r o t e c t i o n  o f  4 9  g a v e  5 0  i n  80% y i e l d .  H y d r o g e n a t i o n  o f  t h e  

b e n z y l  e t h e r  50 g a v e  phenol  3 7 f  i n  good y i e l d .  B e n z y l  p r o t e c t i o n  o f  the  

p h e n o l s  was  n e c e s s a r y  i n  t h i s  c a s e  s i n c e  t h e  d i r e c t  r e a c t i o n  o f  t r i -  

m e t h y l s i l y l  c h l o r i d e  w i t h  51 ga ve  r e c o v e r e d  m a t e r i a l .
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NC O Si(C H -)
TMSCN

cro w n -eth er

P H ^ t )
NHCCF H ./P d /C

Anodic  O x i d a t i o n  S t u d i e s  

The  a n o d i c  o x i d a t i o n  o f  5 0 a - f  was  c o n d u c t e d  a t  0°C i n  a 2% 

LiClO^/CHjOH s o l u t i o n  u s i n g  P t  a s  b o t h  a n o d e  a n d  c a t h o d e .  A l l  a n o d i c  

o x i d a t i o n s  were  m o n i t o r e d  by u l t r a v i o l e t  s p e c t r o m e t e r ,  and  two i s o s b e s -  

t i c  p o i n t s  w e r e  o b s e r v e d  i n d i c a t i n g  a  c l e a n  o x i d a t i o n .  I n  e a c h  c a s e ,  

t h e  r e s u l t i n g  q u in one  m on o k e ta l s  6 8 a - f  were i m m e d i a t e l y  d i s s o l v e d  i n  

t e t r a h y d r o f u r a n  a n d  h y d r o l y z e d  b y  a d d i n g  a b o u t  1 - 1 . 5  e q u i v a l e n t s  5% 

aqueous  p o t a s s i u m  hyd o x id e .  Workup a s  u s u a l  gave  c ru d e  q u in o n e  imin e  

k e t a l s  5 2 a - f  as  l i s t e d  i n  Tab le  I.

The c r u d e  qui none  im in e  m o n o k e t a l s  a r e  s t a b l e  when s t o r e d  i n  b a s e -  

washed  a p p a r a t u s .  The compounds c a n  b e  f u r t h e r  p u r i f i e d  b y  c h r o m a t o g 

ra p h y  on n e u t r a l  a l u m i n a .  Some q u i n o n e  im in e  m o n o k e t a l s  a r e  n o t  s t a b l e

a t  room t e m p e r a t u r e  a n d  must  be  s t o r e d  a t  -20 °C. For  e x a m p le ,  5 2 a  (R'*' 

o
-  R — H) i s  c o n v e r t e d  t o  i n d o l e  5 3  a t  r oom  t e m p e r a t u r e  i n  a b o u t
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H.CO  room tem p eratu re 3

t x >air. _ j_ |

(OCHj)^ may t>e tr a c e  o f  acid

52a S3 (70%)

70% y i e l d  (a long  w i t h  some o x i d i z e d  i n p u r i t i e s ) .  The s t r u c t u r e  o f  a l l

q u in o n e  im in e  k e t a l s  were s u p p o r t e d  by s p e c t r o s c o p i c  d a t a .  The s t r o n g

IR a b s o r p t i o n  a r o u n d  1600 c m " ^  i s  a s s i g n e d  t o  i m i n e  l i n k a g e ,  a n d  t h e  

13 C NMR s p e c t r u m  s h o w e d  t h e  c a r b o n  o f  i m i n e  l i n k a g e  a t  8 163 ( f i v e -  

membered  r i n g  i m i n e ) ,  o r  8 155 ( s i x - m e m b e r e d  r i n g  imi ne ) .

Summary

From th e  above  r e s u l t s ,  t h e  ano d ic  o x i d a t i o n / h y d r o l y s i s / c y c l i z a -  

t i o n  a f f o r d s  a g e n e r a l  c o n v e n i e n t  r o u t e  t o  qu ino ne  i m i n e  k e t a l s .  They 

a r e  t o  b e  t r a n s f o r m e d  t o  i n d o l e  a n d  q u i n o l i n e  d e r i v a t i v e s  o r  f u r t h e r  

f u n c t i o n a l i z e d  a t  t h e  2 - p o s i t i o n  a s  w i l l  be  d e s c r i b e d  l a t e r .
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S u b stra te

37a

37b

37c

37d

37e

37f

Product

(OCH3) 2

52a

(OCH,)

52b

(o c h 3)2

52c

H

(o c h 3) 2

52d

3

(o c h 3)2
52e

( o c h 3) 2

52f

Yield (%)

82

91

81

91

89



EXPERIMENTAL

G e n e r a l  P r o c e d u r e s

M e l t i n g  p o i n t s  we re  t a k e n  i n  c a p i l l a r i e s  i n  a Thomas-Hoover  "Uni-  

m e l t "  a p p a r a t u s  and  a r e  u n c o r r e c t e d .  I n f r a r e d  s p e c t r a  we re  on a P e r k i n -
1 TO

E l m e r  M o d e l  283B s p e c t r o m e t e r .  H a n d  C n u c l e a r  m a g n e t i c  r e s o n a c e  

s p e c t r a  (NMR) were  r e c o r d e d  on B ruk e r  NR 80 Model s p e c t r o m e t e r .  A l l  NMR 

s p e c t r a  w e r e  r e c o r d e d  i n  CDCl j  a n d  a r e  r e p o r t e d  i n  ppm r e l a t i v e  t o  

CHCl^ ( 6  = 7 .2 4)  u n l e s s  o t h e r w i s e  n o t e d .  M ass  s p e c t r a l  a n d  e x a c t  m a s s  

m e s u r e m e n t s  were o b t a i n e d  f rom Mr. R i c h a r d  W e i s e n b e r g e r  on  a  K r a t o s  MS- 

30 s p e c t r o m e t e r .  A lu m in a  and s i l i c a  g e l  we re  o b t a i n e d  f rom  E. Merck Co. 

T e t r a h y d r o f u r a n  was p u r i f i e d  by  d i s t i l l a t i o n  f rom benzophenone  k e t y l .  

D i c h o r o m e t h a n e , b e n z e n e ,  a n d  t o l u e n e  w e r e  d i s t i l l e d  f r o m  c a l c i u m  

h y d r i d e .  Anhydrous d i i s o p r o p y l a m i n e  and t r i e t h y l  amine w e r e  d i s t i l l e d  

from p o t a s s i u m  h y d r o x i d e .  Anhydrous d i m e t h y l  fo rma mid e  was  d i s t i l l e d  

from b a r i u m  o x id e  ( 79 ®C, 35 mm). A l l  o f  t h e s e  p u r i f i e d  s o l v e n t s  we re  

s t o r e d  o v e r  4A m o l e c u l a r  s i e v e s .  S o l u t i o n s  o f  a l k y l  l i t h i u m s  o r  a l k y l  

magnesium b r o m i d e s  w e re  f rom A l d r i c h  Che mi ca l  Co.

T h ro u g h o u t  t h e  e x p e r i m e n t a l ,  t h e  f o l l o w i n g  a b b r e v i a t i o n  a r e  u se d :  

p e t r o l e u m  e t h e r ,  bp 35-60  °C (PE), t e t r a h y d r o f u r a n  (THF), e t h y l  e t h e r  

( E t 2 0 ) ,  n - b u t y l l i t h i u m  ( n - B u L i ) ,  a n d  d i e t h y l a m i n o s u l f u r  t r i f l u o r i d e  

(DAST).

174
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A l l  p r e p a r a t i v e  an o d ic  o x i d a t i o n s  were  p r e f o r m e d  i n  a  s i n g l e - c e l l  

o r  i n  H- ty pe  d i v i d e d - c e l l  a p p a r a t u s  i n  m e t h a n o l  u s i n g  a c i r c u l a r  p l a t i 

num gauze anode  (33 mm d i a m e t e r  x  28 mm h i g h )  a nd  p l a t i u m  s h e e t  c a th od e  

( 8 x 8  mm) u n l e s s  o t h e r w i s e  s t a t e d .

w a s  s y r i n g e d  i n t o  t h e  f l a s k .  A f t e r

s t i r r i n g  a t  ro o m  t e m p e r a t u r e  f o r  30 m in ,  t h e  r e s u l t i n g  m i x t u r e  was  

c o n c e n t r a t e d  i n  v a c u o  a n d  e x t r a c t e d  w i t h  CH2 C1 2  (3 x 30 m L) /H 20 (30 

mL). The co mbin ed  s o l u t i o n  was  w a sh e d  w i t h  s a t u r a t e d  NH^Cl (30 mL) and 

b r i n e  (30 mL ) , D r y i n g  (Na 2 S 0 ^ ) ,  a n d  c o n c e n t r a t i o n  i n  v a c u o  t o  y i e l d  a

l i g h t  b rown o i l .  F l a s h  co lumn c h r o m a t o g r a p h y  (10:1 CH2 C l 2 /EtOAc) gave

3 7 a  (238.5 mg, 82%): IR ( f i l m ,  c m ' 1) 3600-3200 ( b r ) ,  1710, 1560, 1510,

1 4 6 5 ,  14 50 ,  1 4 3 0 ,  1 3 7 0 - 1 1 3 0  ( b r ) ;  1H NMR S 1 . 7 5 - 1 . 7  ( b r ,  1 H ) , 6 . 8 - 6 .5 

(m, 3 H), 3 .73  ( s ,  3 H ) , 3 .56 ( q ,  J  = 6.5 Hz,  2 H ) , 2 .86 ( t ,  J  = 7 Hz,

2 H); 13 C NMR S 15 7 .8  (q,  J  = 36 Hz) ,  1 5 3 . 7 ,  14 7 .9 ,  1 2 5 . 8 ,  1 16 .5 ,

1 1 6 . 2 ,  1 13 .4 ,  5 5 . 8 ,  4 1 . 3 ,  2 9 .4 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

G11H12°3NF3 263.0769,  obsd  m /e  263.0768.

P r e p a r a t i o n  o f  37a f r o m  39

To a r o u n d - b o t t o m e d  f l a s k  e q u ip p e d  

w i t h  a m a g n e t i c  s t i r r e r  a n d  N2  i n l e t  

w e r e  m i x e d  3 9  ( 0 . 1 8 3  g,  1 .09  m m ol )  i n  

d r y  THF (15 mL) a n d  Et-jN (0 .3  mL).  At  

0 °C (CF 3 CO)2 0 ( 0 . 1 6 2  mL, 1 .0 5  e q u i v )

N h c o c f 3
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Preparation of 41a from 40a
To a r o u n d - b o t t o m e d  f l a s k  e q u ip p e d  

w i t h  a m a g n e t i c  s t i r r e r  a n d  N2  i n l e t  

w e re  m ixe d  4 0 a  (2.411 g, 9.96 mmol), 18- 

c r o w n - 6  ( 1 5 0  mg),  KCN (2 0 0  mg) ,  a n d  

TMSCN (2 mL, 1.5 e q u i v ) .  The r e a c t i o n  

m i x t u r e  was  h e a t e d  t o  r e f l u x  ( o i l  b a t h ,

150 °C) f o r  1 h ,  t h e n  c o n c e n t r a t e d  i n  va cuo ,  and f l a s h  c h r o m a t o g r a p h e d  

( 1 : 1  CH2 C I 2 / P E )  t o  g i v e  p u r e  4 1 a  (3 .1  g ,  91%) a s  a c o l o r l e s s  o i l :  IR 

( f i l m ,  c m ' 1 ) 1500, 1270 ( s h ) ,  1250, 1210,  1080, 1040,  8970,  840; 1H NMR 

S 7 . 5 - 7 . 1  (m, 6  H), 6 .8 7  ( b r  s ,  2 H), 5 .8 1  ( s ,  1 H ) , 5 .10  ( s ,  2 H),

3 .79 ( s ,  3 H),  0 .21 ( s ,  9 H); 13 C NMR 5 1 5 4 .0 ,  1 4 8 . 8 ,  1 3 6 . 5 ,  12 8 . 4  (2

C), 1 2 7 . 8 ,  1 2 7 . 2  (2 C), 1 2 5 . 9 ,  1 1 9 .0 ,  1 1 4 . 9 ,  1 1 3 . 2 ,  1 1 3 . 0 ,  70 .8 ,  5 8 . 1 ,

5 5 .3 ,  - 7 . 0  (3  C);  m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  CH m / e ________ ,

obsd  m/e _______ .

pneMjO CN

OCH3
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Preparation of 42a from 41a
To a  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d

w i t h  a m a g n e t i c  s t i r r e r  and  N2  i n l e t  was 

d i s s o l v e d  41a ( 2 .3 9  g,  7 mm ol)  i n  d r y
P t l C H ? 0  OM

nh2

THF ( 1 0 0  mL). A f t e r  a d d i t i o n  o f  LAH

( 0 . 9  g ) , t h e  r e a c t i o n  m i x t u r e  w a s
OCH3

s t i r r e d  o v e r n i g h t .  The r e a c t i o n  was

quenche d  by a d d i t i o n  o f  1^0 (5 mL), and t h e  m i x t u r e  was c o n c e n t r a t e d  i n  

v a c u o ,  a n d  e x t r a c t e d  w i t h  C H ^ C l j  (5 x 50 mL). D r y i n g  (N a 2 S0 ^) a nd  

c o n c e n t r a t i o n  i n  vacuo  y i e l d e d  42a (1.82 g, 95%) as a l i g h t  ye l lo w o i l  

w h i c h  w a s  u s e d  i n  t h e  n e x t  s t e p  w i t h o u t  f u r t h e r  p u r i f i c a t i o n :  IR

1 2 0 5 ,  1 0 4 0 ,  7 3 0 ,  690 ;  1H NMR 5 7 .35  ( s ,  5 H) ,  7 . 1 - 6 . 6  (m,  3 H), 5.01 

( s ,  2 H), 5 . 0 1 - 4 . 8  (m, 1 H), 3 . 8 5 - 3 . 6  (m, 1 H) ,  3.75 ( s ,  3 H ) , 3 .2-2 .7  

(m, 2 H),  2 .11  ( b r  s ,  2 H ) ; 1 3 C NMR 6 1 5 3 .6 ,  1 48 .8 ,  1 3 6 . 9 ,  13 2 . 5 ,  128.0 

(2 C), 1 2 7 . 3 ,  12 6 .7  (2 C),  1 1 2 .4  (2 C), 1 1 2 . 1 ,  70.1,  6 8 . 8 , 54 .9 ,  47 .4;  

m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  C-^H^gOgN m/e 2 3 7 . 1 3 6 5 ,  obsd  m/ e  

2 37 .1 38 0.

( f i l m ,  c m ' 1 ) 3 6 0 0 - 3 0 0 0  ( b r ) ,  2 9 3 0  ( b r ) ,  1 4 9 5 ,  1460,  1 4 5 0 ,  1430 ,  1270,

P r e p a r a t i o n  o f  43a f ro m  42a

To a r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  

w i t h  a m a g n e t i c  s t i r r e r  a n d  N2  i n l e t  PhCHjO Q n  

w e r e  m i x e d  42a ( 1 . 8 0  g,  6 . 6  m m o l ) ,  Et^N 

(1 mL), a n d  d r y  THF (50 mL). A f t e r  s l o w

NHCOCF3

a d d i t i o n  o f  (CF.jC0 2 ) 0  ( 0 .9 8  mL, 1 .05  

e q u i v )  i n t o  t h e  f l a s k  a t  0 ° C ,  t h e

OCH3
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m i x t u r e  w a s  s t i r r e d  a t  ro o m  t e m p e r a t u r e  f o r  20 m i n .  The r e s u l t i n g  

m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 50 

m L ) / s a t u r a t e d  NH^Cl (5 0  m L ) , a n d  w a s h e d  w i t h  b r i n e  (40 mL). D r y i n g  

( N a 2 S0 ^) a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  a  l i g h t  y e l l o w  o i l .  F l a s h  

co l um n c h r o m a t o g r a p h y  (5 :1  C ^ C ^ / E t O A c )  g a v e  43a  a s  a  l i g h t  y e l l o w  o i l  

(2.07 g, 85%). R e c r y s t a l l i z a t i o n  ( C ^ C ^ / P E )  gave w h i t e  c r y s t a l s  (1.83 

g ,  75%): mp 1 1 7 - 1 1 8  °C;  IR (KBr) 3 4 4 0 ,  3 2 0 0 ,  17 2 0 ,  15 5 5 ,  15 0 0 ,  1420 ,

1 3 3 5 ,  1 2 7 0 ,  118 0  ( b r ) ;  XH NMR 5 7 .35 ( s ,  5 H), 7 . 0 5 - 6 . 6  (m, 4 H ) , 5.01 

( s ,  2 H), 5 . 2 5 - 4 . 9  (m, 1 H ) , 3 .73 ( s ,  3 H ) , 4 . 0 - 3 . 0  (m, 3 H ) ; 1 3 C NMR S

2 0 5 . 4 ,  1 5 7 . 4 ,  ( q ,  J C_F -  37 Hz) ,  1 5 3 . 8 ,  1 4 9 . 1 ,  1 3 6 . 7 ,  13 0 .2 ,  1 2 8 . 3  (2 

C) ,  127 .7 ,  1 2 7 . 0  (2 C),  1 1 3 .3 ,  1 3 3 .0 ,  1 1 2 . 6 ,  7 0 .5 ,  6 7 . 5 ,  5 5 .2 ,  4 5 .2 ;  

m a s s  s p e c t r u m ,  e x a c t  mass  c a l c d  f o r  C2 gHFg0 ^NF3  m/e  _______, o b s d  m/e

NHCOCF-

P r e p a r a t i o n  o f  37b f r o m  43a

I n  a h y d r o g e n a t i o n  b o t t l e  w e r e  

m i x e d  4 3 a  ( 1 5 4  g,  4 . 1 7  m m o l ) ,  EtOAc ( 3 0  

m L ) , and  5% P d / C  (0 .2 g ) , a n d  t h e  m i x 

t u r e  was  h y d r o g e n a t e d  f o r  6  h.  The 

r e s u l t i n g  m i x t u r e  was  f i l t e r e d  th r o u g h  

C e l i t e  and c o n c e n t r a t e d  i n  vacuo  t o  g i v e

a  c o l o r l e s s  o i l .  F i l t r a t i o n  t h r o u g h  a  s i l i c a  g e l  c o l u m n  (5 :1  

C ^ C l ^ / E t O A c  a s  e l u a n t )  g a v e  3 7 a  ( 1 . 0 9  g ,  94%) a s  a  s o l o r l e s s  o i l .  

R e c r y s t a l l i z a t i o n  (C^Clj/CH-jOH) gave p u r e  3 7 a  (0.89 g ,  77%): mp 115-

117 ° C ; IR (KBr) 3450 ,  3 2 8 0 ,  1720 ,  1 5 1 0 ,  1 4 3 0 ,  1 2 1 5 ,  1 1 9 0 ,  1 1 6 5 ,  1150  

( s h ) ;  1H NMR 6 7 . 4 - 7 . 1  (m, 1 H), 6 . 9 - 6 . 5  (m, 3 H ) , 5 . 0 5 - 4 . 8  (m, 1 H),
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4 . 4 - 3 . 4  (m, 4 H ) , 3 .69  ( s ,  3 H); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

C11H12°4NF3 279.0718,  ob sd  m/e  279.0716.

P r e p a r a t i o n  o f  41b f r o m  40b

I n  a  r o u n d - b o t t o m e d  f l a s k  eq u ip p ed  

w i t h  a  m a g n e t i c  s t i r r e r  a n d  N£ i n l e t  

w e r e  m i x e d  4 0 b  ( 1 .5 6  g,  6 .09 m m o l) ,  18-  

c r o w n - 6  (100 mg), KCN (50 mg), and TMSCN 

(1 .2  mL, 1 .5 e q u i v ) .  A f t e r  r e f l u x i n g  

f o r  30 min  ( o i l  b a t h ,  145 °C),  t h e  r e a c 

t i o n  m i x t u r e  was  c o n c e n t r a t e d  i n  v a c u o  t o  y i e l d  a  d a r k  b r o w n  o i l .  

F l a s h  co lu m n  c h r o m a t o g r a p h y  (1:1 C ^ C ^ / P E )  gave 41b  (1 .9 g, 95%): IR

( f i l m ,  c m ' 1 ) 1 4 9 0 ,  12 7 0 ,  1 2 5 0 ,  12 1 5 ,  1 2 0 0 ,  11 75 ,  1 1 1 0 ,  1 0 4 0 ,  995 ,  855  

( s h ) ,  8 40;  1H NMR 8 7 . 6 - 7 . 2  (m, 6  H), 7 . 0 - 6 . 8  (m, 2 H ) , 5 .1 6  (AB q, J  = 

12 Hz, 1 H), 5 .1 1  (AB q ,  J  -  12 Hz, 1 H), 3 .7 8  ( s ,  3 H ) , 7 .0 0  ( s ,  3 H ) , 

0 .43  ( s ,  9 H); 1 3 C NMR 6 1 5 3 . 5 ,  1 4 8 .5 ,  1 3 6 .6 ,  1 3 0 . 8 ,  128 .2  (2 C),

1 2 7 . 5 ,  1 2 7 .0  (21 C), 1 2 1 .3 ,  1 1 3 . 7 ,  1 1 3 . 4 ,  1 12 .2 ,  7 0 . 7 ,  68 .2 ,  5 5 .1 ,

2 9 . 6 ,  0 .9  (3 C); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  ̂ 2 0 ^ 2 5 ® 3^ D)Z®

355.1604,  obsd  m/e  355.1571.

" CM*? C " OSICCH*,

O C H 3

P r e p a r a t i o n  o f  42b f ro m  41b

I n  a  r o u n d - b o t t o m e d  f l a s k  e q u ip p e d

PtiCRjO
w i t h  a m a g n e t i c  s t i r r e r  and N0  i n l e t  was * 1 HO.

d i s s o l v e d  4 1 b  (2 .3 3 5  g,  7 .16 mmol)  i n  |  T

d r y  THF (100 mL). A f t e r  a d d i t i o n  o f  LAH
6 CH 3

( 0 . 8  g,  s l i g h t  e x c e s s ) ,  t h e  r e a c t i o n
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m i x t u r e  was  s t i r r e d  o v e r n i g h t .  The r e a c t i o n  was  quenched  by  a d d i t i o n  

o f  H2 O (4 mL), and t h e  m i x t u r e  was c o n c e n t r a t e d  i n  vacuo ,  and e x t r a c t e d  

w i t h  CH2 C I 2  ( 6  x 50 mL)/H2 0  (30 mL). Dry in g  (Na 2 S0 ^) and c o n c e n t r a t i o n  

i n  v a c u o  y i e l d e d  4 2 b  a s  a  w h i t e  s o l i d .  R e c r y s t a l l i z a t i o n  

(EtOAc/CH 2 C l 2 ) g a v e  4 2 b  ( 1 .8 0  g,  8 8 %): mp 1 4 7 - 1 4 8  °C; IR (KBr) 3340

(m) ,  3 5 0 0 - 3 0 0 0  ( b r ) ,  2 9 6 0 ,  14 90 ,  1 4 6 5 ,  14 4 5 ,  1 3 1 0 ,  1285 ( s h ) ,  1040 ,  

10 1 5 ,  9 7 5 ,  740;  1H NMR 6 7 .37  ( s ,  5 H), 7 .1 4  (d ,  J  = 3 Hz, 1 H ) , 6.87

(AB q,  J  = 9 Hz, 1 H ) , 6 .72  (d o f  AB q , J = 9,  3 Hz, 1 H), 5 .04  ( s ,  2

H), 3 .77  ( s ,  3 H), 3 .32  (AB q, J  = 13 Hz, 1 H ) , 2 . 7 6  (AB q, J  = 13 Hz,

1 H), 2 . 5 - 1 . 6  (m, 3 H),  1 .5 3  ( s ,  3 H ) ; m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d

f o r  CH m /e  _______ , o b s d  m /e   .

P r e p a r a t i o n  o f  43b f rom 42b

I n  a r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r e r  a n d  N2  i n l e t  

w e r e  m i x e d  4 2 b  (1 .1 1 9  g,  3 .90  mmol)  a n d  

E t 3N (0 .8  mL) i n  d r y  THF (50  mL). A f t e r  

a d d i t i o n  o f  (CFjCO^O (0.58 mL) a t  0 °C, 

t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  20 min.  The r e a c t i o n  was quenched  by a d d i t i o n  o f  ^ 0  

(0 .5  mL), a n d  t h e  m i x t u r e  was  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  

CH2 CI 2  (3 x 40 m L ) / s a t u r a t e d  NH^Cl (140 mL), wash ed  w i t h  b r i n e .  Dry ing  

(Na 2 S0 ^)  a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  a l i g h t  y e l l o w  o i l .  F l a s h  

c o l u m n  c h r o m a t o g r a p h y  ( 1 0 : 1  C ^ C ^ / E t O A c )  g a v e  4 3 b  (1 . 231  g,  82%). 

R e c r y s t a l l i z a t i o n  (CH2 C I 2 / P E )  g a v e  w h i t e  c r y s t a l s  (1 .10  g,  73%): mp

98-99  ° C ; IR (KBr) 3500-3300 (b r ) ,  3420,  1700, 1485,  1420, 1270,  1210,

NHCOCF3
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1180 ( b r ) ,  1040 ;  ^  NMR S 7 .39  ( s ,  5 H ) , 7 . 1 - 6 . 6  (m, 1 H ) , 6 .9 4  (AB q, 

J  -  9 Hz ,  1 H), 6 .92  ( d ,  J  -  3 Hz, 1 H ) , 6.78 (d  o f  AB q,  J  -  9,  3 Hz, 

1 H), 5 . 0 9  ( s ,  2 H), 4 . 3 7  ( s ,  1 H),  4 . 2 - 3 . 4 5  (m, 2 H ) , 3 .74  ( s ,  3 H), 

1 .5 6  ( s ,  3 H); 1 3 C NMR 6  157 .4  (q ,  J c . p = 37 H z) ,  1 5 4 . 0 ,  1 4 9 . 7 ,  1 3 6 .2 ,

1 3 2 . 6 ,  1 2 8 . 8  (2 C), 1 2 8 . 3 ,  127 .6  (2 C) ,  1 1 3 .6 ,  1 1 3 . 1  (2 C), 7 4 . 1 ,  7 1 .0 ,

5 5 . 5 ,  4 8 . 2 ,  2 5 .7 ;  m a s s  s p e c t r u m ,  e x a c t  m a ss  c a l c d  f o r  Cp gH2 QO^NF2  m /e  

383.1345,  o b s d  m/e 383.1330.

N H C O C R j

P r e p a r a t i o n  o f  37c  f rom 43b 

I n  a  h y d r o g e n a t i o n  b o t t l e  w e r e  

d i s s o l v e d  4 3 b  (0 .1 88  g,  0 .4 91  mmol)  i n  

E tO A c  ( 2 0  mL) a n d  5% P d / C  ( 7 0  m g ) .

A f t e r  h y d r o g e n a t i o n  f o r  6  h a t  70 l b  

p r e s s u r e ) ,  t h e  r e a c t i o n  m i x t u r e  was  

f i l t e r e d  t h r o u g h  C e l i t e  a nd  c o n c e n t r a t e d

i n  v a c u o  t o  y i e l d  a c o l o r l e s s  o i l .  F l a s h  c o l u m n  c h r o m a t o g r a p h y  (1 :1  

C ^ C ^ / E t O A c )  t o  f i l t e r  t h e  m i n o r  i m p u r i t i e s  g a v e  3 7 c  (0 .1 4 2  g,  99%); 

IR ( f i l m ,  c m ' 1) 3600-3100 ( b r ) ,  1710,  1490,  1420,  1230-11 40 ( b r ) ,  1030; 

LH NMR S 8 .3  ( b r  s ,  1 H ) , 7 . 1 - 6 . 8  ( b r  s ,  1 H ) , 6 . 8 - 6 .5 (m, 3 H ) , 4 . 6 -  

4 .2  ( b r ,  1 H),  3.71 ( s ,  3 h ) , 3.65 ( s ,  2 H ) , 1 .6 0  ( s ,  3 H); 1 3 C NMR 6 

15 8 .3  (q ,  J  = 37 Hz),  1 5 3 . 1 ,  148 .7 ,  1 2 8 . 2 ,  1 1 7 . 8 ,  1 1 4 . 3 ,  1 1 2 . 4 ,  7 6 .4 ,  

5 5 .7 ,  4 9 . 1 ,  2 5 . 4 ;  m ass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  C ^ H ^ O ^ N F ^  m /e  

293.0875,  o b s d  m/e 293.0850.



182

Preparation of 44a from 40a
To a r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r e r  and N2  i n l e t  was 

d i s s o l v e d  d i i s o p r o p y l a m i n e  (0.48 mL, 1.2 

e q u i v )  i n  d r y  THF (30  mL). At  0 °C 1.7 

M BuLi  ( 1 . 8 5  mL, 1 .1  e q u i v )  was  a d d e d  t o  

t h e  f l a s k ,  a n d  t h e  m i x t u r e  was  s t i r r e d  

f o r  30 m i n .  A n o t h e r  p o r t i o n  o f  d r y  CHgCN (0 .15  mL, 1 .0  e q u i v )  was  

added  i n t o  t h e  f l a s k  a t  0 °C, and t h e  m i x t u r e  was a l l o w e d  t o  s t a n d  f o r  

30 m i n .  The r e s u l t i n g  m i x t u r e  w a s  t h e n  c o o l e d  t o  - 7 0  °C,  a n d  40a 
(0 . 6 8 5  g ,  2 .83  mmol)  i n  THF (5 mL) w a s  t r a n s f e r r e d  i n t o  t h e  f l a s k  v i a  

s y r i n g e .  A f t e r  s t i r r i n g  a t  -70 °C f o r  30 min  and a t  room t e m p e r a t u r e  

f o r  1 h ,  t h e  r e a c t i o n  was  q u e n c h e d  b y  a d d i t i o n  o f  H2 O (1 mL) , a n d  t h e  

m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C1 2  (4 x 30 

m L ) / s a t u r a t e d  NH^Cl (40 mL), and wash ed  w i t h  b r i n e .  D ry i ng  (Na2 S0 ^) 

a n d  c o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  a  l i g h t  y e l l o w  o i l .  F l a s h  c o l u m n  

c h r o m a t o g r a p h y  (100:1 C ^ C ^ / E t O A c )  gave  a  w h i t e  s o l i d .  R e c r y s t a l l i z a 

t i o n  (CH2 C1 2 /P E )  g a v e  44a (0 .576  g,  72%): mp 8 5 - 9 0  °C;  IR (KBr) 36 0 0 -

3100  ( b r ) ,  1500 ,  1 2 8 0 ,  1210 ,  1020 ,  9 90 ;  LH NMR S 7 . 3 7  ( s ,  5 H), 7 . 1 - 6 . 7  

(m, 3 H),  5 . 4 - 5 . 0  (m, 1 H), 5.05 ( s ,  2 H), 3.76 ( s ,  3 H), 3 . 0 - 2 . 6  (m, 2 

H), 2 .8 1  ( s ,  1 H); 1 3 C NMR S 1 5 4 .0 ,  1 4 9 . 0 ,  1 3 6 . 5 ,  1 3 0 . 4 ,  128 . 7  (2 C ) ,

1 2 8 . 1 ,  1 2 7 .3  ( 2 C ) , 1 1 7 . 6 ,  1 13 .9 ,  1 1 3 . 1 ,  11 2 .5 ,  7 0 . 7 ,  6 5 . 9 ,  5 5 .6 ,  26 .0 ;  

m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  C-^H-j^OjN m / e  2 8 3 . 1 1 0 8 ,  o b s d  m /e  

28 3 .1 1 7 9 .

OH
CN

OCH 3



183

OH

N H

Preparation of 45a from 44a

I n  a r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r e r  and  N2  i n l e t  was 

d i s s o l v e d  4 4 a  (0 .4 7 7  g,  1.69 mm ol)  i n  

d r y  THF ( 5 0  mL).  A f t e r  LAH ( 0 . 5  g ,  

e x c e s s )  w a s  a d d e d ,  t h e  m i x t u r e  w a s  OCH3

s t i r r e d  o v e r n i g h t ,  t h e  r e a c t i o n  was

que nc hed  by  a d d i t i o n  o f  ^ 0  (2 mL), and  th e  m i x t u r e  was c o n c e n t r a t e d  i n

v a c u o ,  a n d  e x t r a c t e d  w i t h  CH2 C I 2  ( 6  x 50 m L) /H 2 0  (40 mL). D r y i n g

(Na 2 S0 2 ) and  c o n c e n t r a t i o n  i n  vacuo  y i e l d e d  c r u d e  4 5 b  (0.459 g, 95%). 

T h e  c r u d e  p r o d u c t  w a s  u s e d  d i r e c t l y  i n  t h e  n e x t  s y n t h e s i s  w i t h o u t  

f u r t h e r  p u r i f i c a t i o n :  IR ( f i l m ,  c m ' 1) 360 0-310 0(br )  2920, 1490,  1460,

1 2 7 0 ,  1 2 1 0 ,  1 0 4 0 ,  730 c m ' !  LH NMR 8 7 .36  ( s ,  5 H ) , 7 . 2 4 - 7 . 0  (m, 1 H), 

6 . 8 1  (AB q ,  J  -  9 Hz, 1 H ) , 6 .70  ( d  o f  AB q, J  = 9 ,  2 Hz, 1 H ) , 5 . 5 - 5 . 1

(m, 1 H), 5 . 0 2  ( s ,  2 H ) , 3 .77  ( s ,  3 H ) , 3 . 4 - 3 . 0  (m, 2 H ) , 1 . 1 - 1 . 6  (m, 2

H ) ; 13C NMR 8  1 5 4 .0 ,  1 4 9 . 0 ,  1 3 7 .3 ,  135 .1  128 .3  (2 C), 1 2 7 .6 ,  1 2 6 . 9  (2 

C) ,  1 1 2 . 7 ,  1 1 2 . 3 ,  1 1 2 . 1 ,  70 .5 ,  6 9 . 0 ,  5 5 .4 ,  39 .9 ,  3 8 . 7 ;  m a s s  s p e c t r u m ,  

e x a c t  mass c a l c d  f o r  C ^ ^ ^ N O - j  m/e 287.1571,  obsd  m /e  287.1563.

P r e p a r a t i o n  o f  4 6 a  f rom 45a  

I n  a r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  

w i t h  a m a g n e t i c  s t i r r e r  an d  N i n l e t  

w e r e  mixed  4 5 a  (0.528 g, 1.98 mmol), d r y  

THF ( 3 0  mL) ,  a n d  d r y  E t 3 N ( 0 . 8  mL) .

A f t e r  a d d i t i o n  o f  (CF^CO^O  (0 . 28  mL, O C H 3

1 . 0 5  e q u i v )  a t  0 ° C ,  t h e  r e a c t i o n

O H

N H C O C F 3
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m i x t u r e  was s t i r r e d  f o r  30 min.  The r e a c t i o n  was que nched  by  a d d i t i o n  

o f  H2 O (0.5 mL) , a n d  t h e  m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  

w i t h  CH2 C l 2 ( 3  x  30 m L ) / s a t u r a t e d  NH^Cl (40 mL), and  wash ed  w i t h  b r i n e  

(40  mL). D r y i n g  ( N a 2 S 0 ^)  a n d  c o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  a l i g h t  

y e l l o w  o i l .  F l a s h  c o l u m n  c h r o m a t o g r a p h y  ( 5 : 1  C I ^ C ^ / E t O A c )  g a v e  a 

l i g h t  y e l l o w  o i l  4 6 a  (0 .5 6 4  g ,  75%). R e c r y s t a l l i z a t i o n  (CH2 C I 2 /PE)  

g a v e  4 6 a  (0.5 g,  6 6 %): mp 9 3 - 9 4 . 5  °C; IR (KBr) 3480 ,  32 90 ,  16 9 5 ,  1500,

1 2 7 0 ,  1210 ,  11 8 0 ,  10 7 5 ;  1H NMR 6  7 .39  ( s ,  5 H) , 7 . 0 - 6 . 5 5  (m, 4 H),

5 . 2 5 - 4 . 9  (m, 1 H), 5 .03  ( s ,  2 H ) , 3.76 ( s ,  3 H ) , 3 . 7 5 - 3 . 1  (m, 2 H),

2 . 65  ( d ,  J  = 4 Hz, 1 H), 1 .9 8  ( q ,  J  = 6  Hz, 2 H); 13 C NMR S 1 5 7 .1  (q,

J C_F -  38 Hz),  1 5 4 . 2 ,  14 9 .1 ,  1 3 6 . 7 ,  1 3 3 . 1 ,  1 2 8 . 6  (2 C), 1 2 8 . 1 ,  127 .3  (2

C), 1 1 3 . 3 ,  1 1 3 .0 ,  1 1 2 . 4 ,  7 0 .9 ,  6 9 . 0 ,  5 5 .5 ,  3 7 . 8 ,  3 4 . 9 ;  m a s s  s p e c t r u m ,  

e x a c t  mass  c a l c d  f o r  C-^g^QO^NFg m/e  383.1355,  ob sd  m/e  383.1325.

P r e p a r a t i o n  o f  37d f r o m  46 a

I n  a h y d r o g e n a t i o n  b o t t l e  w e r e  

m i x e d  4 6 a  (0 .5  g,  1 .3 1  m m o l ) ,  5% Pd/C 

( 1 0 0  mg) ,  a n d  EtOAc (80 mL). A f t e r  

h y d r o g e n a t i o n  f o r  8  h ,  t h e  r e s u l t i n g  

m i x t u r e  was f i l t e r e d  t h r o u g h  C e l i t e  and 

c o n c e n t r a t e d  i n  v a c u o  t o  g i v e  a  c o l o r 

l e s s  o i l .  F l a s h  co lu m n  c h r o m a t o g r a p h y  (1:2 E t O A c / C ^ C ^ )  f i l t e r e d  ou t  

p u r e  3 7 d  (0.37 g,  96%): IR ( f i l m ,  c m ' 1 ) 3 6 0 0 - 3 1 0 0  ( b r ) ,  1 7 1 0 ,  1500 ,

1 4 6 5 ,  1 4 5 0 ,  14 30 ,  1 2 7 0  ( s h ) ,  1 1 8 0  ( b r ) ,  1 0 3 0 ,  730;  3H NMR S 7 . 6 - 7 . 0  (m, 

1 H),  7 . 0 - 6 . 5  (m, 3 H), '  4 .89  ( t ,  J  -  7 Hz, 1 H ) , 4 . 1 - 3 . 0  (m, 4 H ) , 3.70 

( s ,  3 H), 2 . 3 - 1 . 7  (m, 2 H); 1 3 C NMR S 1 5 7 . 8  (q ,  J  -  38 Hz) ,  15 3 .4 ,

N H C O C F 3
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1 4 8 . 1 ,  1 2 8 . 6 ,  1 1 7 . 3 ,  1 1 4 .0 ,  1 1 2 . 4 ,  7 1 . 9 ,  5 5 .8 ,  3 7 . 5 ,  3 5 . 5 ;  m a s s  s p e c 

t r u m ,  e x a c t  mass  c a l c d  f o r  6 1 2 ^ 1 4 ^ 4 ^ 3  m/e  293.0875,  obsd  m/e  293.0851.

P r e p a r a t i o n  o f  44b f ro m  40b

I n  a  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  

w i t h  a  m a g n e t i c  s t i r r e r  and ^  i n l e t  was 

d i s s o l v e d  ( i - P r ^ N H  (1 .9  mL, 1 .3 e q u i v )  

i n  THF (100  mL). A f t e r  a d d i t i o n  o f  1.6 

M C H ^ L i  ( 6 . 5 6  mL,  1 . 0 5  e q u i v )  a n d  

s t i r r i n g  f o r  0.5 h  a t  0 °C, CH^CN ( 0 .5 5  

mL, 1 .0 5  e q u i v )  w a s  a d d e d  t o  t h e  r e a c 

t i o n  m i x t u r e .  The m i x t u r e  was c o o l e d  t o  -78 °C, 4 0 b  (2.56 g, 10 mmol) 

i n  d r y  THF (5 mL) was  added  d r o p w i s e ,  a nd  t h e  m i x t u r e  was s t i r r e d  f o r  1 

h  a t  - 7 8  °C a n d  t h e n  f o r  1 h a t  r oom  t e m p e r a t u r e .  The r e a c t i o n  was 

q u e n c h e d  b y  a d d i t i o n  o f  ^ 0  (2 mL), a n d  t h e  r e a c t i o n  m i x t u r e  w a s  c o n 

c e n t r a t e d  i n  vacuo ,  e x t r a c t e d  w i t h  C ^ C l j  (4 x 50 m L ) / s a t u r a t e d  NH^Cl 

(50 mL), and washed  w i t h  b r i n e  (50 mL). Dry i ng  (Na 2 SO^) and c o n c e n t r a 

t i o n  i n  vacuo  y i e l d e d  a  l i g h t  y e l l o w  o i l .  F l a s h  c o lu m n  ch ro m a to g r a p h y  

(CH2 CI 2 ) gave  44b  (2.67 g, 90%) as  a l i q u i d :  IR ( f i l m ,  cm’ ^) 3600-3200

( b r ) ,  1 4 9 0 ,  14 65 ,  1 4 5 5 ,  1415 ,  1280 ,  1 2 1 0 ,  10 40 ,  10 1 0  ( s h ) ;  1H NMR 6  

7.38 ( s ,  5 H), 7 .05  (d ,  J  = 2 Hz, 1 H ) , 6 .93 (AB q ,  J  = 9 Hz, 1 H),

6 .78 (d  o f  AB q,  J  -  9,  2 Hz, 1 H ) , 5 .0 8  ( s ,  2 H ) , 4 . 1 1  ( s ,  1 H ) , 3.76

( s ,  3 H),  2 .97  ( s ,  2 H),  1 .73 ( s ,  3 H ) ; 1 3 C BNR S 1 5 3 . 8 ,  1 4 9 . 1 ,  1 36 .0 ,

1 3 3 . 0 3 ,  12 8 .7  (2 C) ,  1 2 8 . 2 ,  127 .3  (2 C ) , 1 1 7 .6 ,  1 1 3 .3  (2 C),  1 1 3 .0 ,

7 2 . 1 ,  7 0 . 9 ,  5 5 .5 ,  3 1 . 0 ,  2 6 .9 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r

C18H29N03 297.1365,  obsd m/e 297.1393.

PhO ^O
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Preparation of 45b from 44b
I n  a  r o u n d - b o t t o m e d  f l a s k  

e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  and N2  

i n l e t  w a s  d i s s o l v e d  4 4 b  (2 .1  g,  7.07 

mmo l)  i n  d r y  THF (80  mL). A f t e r  a d d i 

t i o n  o f  LAH (1 .0  g ,  e x c e s s ) ,  t h e  r e a c 

t i o n  m i x t u r e  was s t i r r e d  o v e r n i g h t .  The 

r e a c t i o n  was q u e n c h e d  w i t h  ^ 0  (5 mL), and t h e  m i x t u r e  was  c o n c e n t r a t e d  

i n  v a c u o ,  and  e x t r a c t e d  w i t h  CH2 C I 2  (4 x  50 m L ) / s a t u r a t e d  NH^Cl (50  

mL). D ry i ng  (Na2 S0 ^) and c o n c e n t r a t i o n  i n  v a c u o  gave a  l i g h t  b rown o i l  

4 5 b  (1.91  g, 90%) w h i c h  was u s e d  f o r  t h e  n e x t  r e a c t i o n  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n :  IR ( f i l m ,  cm"1) 3600-3100,  1490,  1465, 1450,  1420, 1275,

1210 ,  1195  ( s h ) ,  1 0 4 0 ,  730,  6 9 0 ;  1H NMR S 7 . 5 - 7 . 1  (m, 6  H ) , 7 . 0 - 6 . 6  (m, 

2 H), 5. 94 ( b r  s ,  3 H), 4 . 9 9  ( s ,  2 H ) , 3 . 7 0  ( s ,  3 H), 3 . 1 - 1 . 5  (m, 4 

H), 1 .5 8  ( s ,  3 H);  13 C NMR S 1 5 3 . 2 ,  1 4 8 .4 ,  1 3 6 . 5 ,  12 7 .9  (2 C), 1 2 7 . 2 ,  

126 .7  (2 C),  1 1 3 . 4 ,  11 2 .7 ,  1 1 1 . 5 ,  74 .5 ,  7 0 . 1 ,  6 7 . 1 ,  5 4 . 9 ,  2 8 .1 ,  2 4 . 9 ;  

m a s s  s p e c t r u m ,  e x a c t  m ass  c a l c d  f o r  C ^ g ^ j N O g  m /e  3 0 1 . 1 6 7 8 ,  o b s d  m / e  

3 01 .1 68 5.

O C H 3

P r e p a r a t i o n  o f  46b f ro m  45b

I n  a  r o u n d - b o t t o m e d  f l a s k  eq u ip p ed  

w i t h  a  m a g n e t i c  s t i r r e r  a n d  N2  i n l e t  

w e r e  m i x e d  4 5 b  ( 1 . 9  g,  6 .31 m m o l ) ,  THF 

(30 mL),  and  EtgN (3 mL). A f t e r  a d d i 

t i o n  o f  (CFgCO^O (0 . 9 3  mL, 10 .5  e q u i v )  

a t  0 ° C ,  t h e  r e a c t i o n  m i x t u r e  w a s

OCH3
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s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  0 .5  h.  The  r e s u l t i n g  m i x t u r e  was  

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 40 m L ) / s a t u r a t e d  

NH^Cl (50  mL) , a n d  w a s h e d  w i t h  b r i n e .  D r y i n g  (Na 2 S0 ^)  a n d  c o n c e n t r a 

t i o n  i n  vac uo  y i e l d e d  a  l i g h t  y e l l o w  o i l .  F l a s h  co lumn c h r o m a t o g r a p h y  

( 1 0 : 1  C ^ C ^ / E t O A c )  g a v e  4 6 b  (2 .2  g,  8 8 %) a s  a  c o l o r l e s s  o i l :  IR

( f i l m ,  c m " 1 ) 3 6 0 0 - 3 1 0 0  ( b r ) ,  1 7 1 0 ,  1485 ,  1 4 6 0 ,  14 5 0 ,  1 2 7 0 ,  2 0 0 ,  116 0  

( b r ) ,  9 35 ,  7 3 0 ,  6 9 0 ;  1H NMR 5 7 . 7 5 - 7 . 5  (m, 1 H ) , 7 .39 ( s ,  5 H ) , 7 . 1 - 6 . 6  

(m, 3 H), 5 .06  ( s ,  3 H ) , 4 .1 1  ( s ,  1 H ) , 3 .75 ( s ,  3 H), 3 . 6 - 3 . 3  (m, 2 

H),  2 . 5 - 1 . 7  (m, 2 H ) , 1 .6 0  ( s ,  3 H ) ; 1 3 C NMR 5 (1 5 6 .9  (q ,  J c p  = 37 Hz) ,

1 5 4 . 0 ,  1 4 9 . 6 ,  1 3 6 . 3 ,  1 3 4 .9 ,  12 8 .7  (2 C), 1 2 8 .3 ,  12 7 .5  (2 C),  1 1 3 . 6 ,

1 1 3 . 3 ,  1 1 2 . 1 ,  7 1 . 1 ,  5 5 .5 ,  38 .2 ,  3 6 . 6 ,  28 .7 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  

c a l c d  f o r  C2 0 H2 2 NO4 F 3  m/e 397.1501,  obsd m/e  397.1535.

P r e p a r a t i o n  o f  37e f rom  46b 

I n  a  h y d r o g e n a t i o n  b o t t l e  w e r e  

m i x e d  4 6 b  ( 0 . 92  g ,  2 .3 2  mmo l) ,  EtOAc (30 

m L ) , a n d  5% P d /C  ( 0 .1  g).  A f t e r  h y d r o 

g e n a t i o n  o v e r n i g h t  a t  70 l b ,  t h e  

r e s u l t i n g  m i x t u r e  w a s  f i l t e r e d  th r o u g h  

C e l i t e  a n d  c o n c e n t r a t e d  i n  v a c u o  t o

y i e l d  a c o l o r l e s s  o i l .  The o i l  wa s  p u r i f i e d  by  f i l t r a t i o n  t h r o u g h  a

N H C O C F -

s i l i c a  g e l  co l um n (5:1 C ^ C ^ / E t O A c )  t o  y i e l d  a c o l o r l e s s  o i l  3 7 e  (0. 68

- 1g,  95%): IR ( f i l m ,  c m ' 1) 3 6 0 0 - 3 1 0 0  ( b r ) ,  1 7 1 0 ,  1 4 9 0 ,  1 2 1 0 ,  118 0  ( b r ) ;

LH NMR S 8 .27  ( s ,  1 H), 7 . 2 4 - 6 . 5  (m, 1 H ) , 6 . 8 - 6 .5 (m, 3 H ) , 3 .72  ( s ,  3 

H),  3 .6 4  ( b r  s ,  1 H ) , 3 .44 (q ,  J  -  6  Hz, 2 H ) , 2 . 4 - 1 . 7  (m, 2 H), 1 .67 

( s ,  3 H); 1 3 C NMR S 15 7 . 5  (q,  J CF -  37 H \ ) ,  1 5 3 . 0 ,  1 4 8 . 8 ,  1 3 0 . 1 ,  1 1 7 . 8 ,
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1 1 3 . 6 ,  1 1 2 . 4 ,  7 7 1 . ,  5 5 . 7 ,  4 0 . 2 ,  3 6 . 3 ,  2 8 .7 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  

c a l c d  f o r  C1 3 H1 6 N04 F 3  m/e  307.1031, obsd  m/e 307.1020

PhCH2 °  CH OSiCO^Vj

P r e p a r a t i o n  o f  48 f rom 47

I n  a  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  

w i t h  a m a g n e t i c  s t i r r e r  a n d  N2  i n l e t  

w e r e  m i x e d  4 7  (1 . 49  g,  1 .28 mm ol ) ,  18-  

c r o w n - 6  (0 .3  g ) , KCN (0 .1  g) ,  a n d  =SiCN 

(1 .5  mL, 11 .2  m m ol ) .  The  r e a c t i o n  m i x 

t u r e  w as  h e a t e d  t o  r e f l u x  ( o i l  b a t h ,

150 °C) f o r  30 min.  The r e s u l t i n g  brown o i l  was c o n c e n t r a t e d  i n  vacuo ,  

a n d  f l a s h  c o l u m n  c h r o m a t o g r a p h y  ( 2 : 1  P E / C ^ C ^ )  g a v e  p u r e  48  ( 1 . 7 9  g,  

90%): mp 1 2 0 - 1 2 1 . 5  °C; IR (KBr) 1 4 8 0 ,  1 4 7 0 ,  1 4 5 0 ,  1 2 8 0 ,  1 2 6 5 ,  1255

( s h ) ,  111 0  ( s h ) ,  1 1 0 0 ,  1 0 6 5 ,  1040 ( s h ) ,  1 0 3 0 ,  1 0 0 5 ,  9 0 0 ,  840 ,  7 9 5 ,  750;  

1H NMR 8 7 . 7 - 7 . 2  (m, 5 H), 6.73 ( s ,  2 H ) , 5 .27  (AB q ,  J  -  13 Hz,  1 H), 

5 .1 6  (AB q,  J  -  13 Hz, 1 H ) , 3 .75 ( s ,  3 H), 3 . 0 - 1 . 5  (m, 6  H), 0 . 1 6  ( s ,  

9 H); 1 3 C NMR 8 15 1 .2  (2 C), 1 3 7 .4 ,  12 8 .4  (2 C ) , 1 2 7 . 6 ,  127 .3  (2 C),

1 2 5 . 1 ,  1 2 2 . 9 ,  11 0 . 6  (2 C ) , 70 .9 ,  6 5 . 8 ,  55 .7 ,  3 9 . 8 ,  2 3 . 4 ,  1 7 . 0 ,  1 .2 ;

mass s p e c t r u m ,  e x a c t  mass c a l c d  f o r  C2 2 H2 7 0 3NSi m/e 381.1760,  o b s d  m/e 

3 81 .1 73 8.

P r e p a r a t i o n  o f  49 f rom  48 

I n  a r o u n d - b o t t o m e d  f l a s k  eq u ip p ed  

w i t h  a m a g n e t i c  s t i r r e r  and N2  i n l e t  was 

d i s s o l v e d  4 8  (1 .3 9  g ,  3 .65  mmol)  i n  d r y
NHj

THF ( 1 0 0  mL). A f t e r  LAH (0 .6  g) was
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t r a n s f e r r e d  i n t o  t h e  s o l u t i o n ,  t h e  r e a c t i o n  m i x t u r e  was  s t i r r e d  

o v e r n i g h t .  A f t e r  qu ench ing  t h e  r e a c t i o n  b y  a d d i t i o n  o f  H20 (2 mL), t h e  

m i x t u r e  was c o n c e n t r a t e d  i n  v a c u o ,  a n d  e x t r a c t e d  w i t h  CH2 C I 2  (4 x  50 

m L ) / s a t u r a t e d  NH^Cl (50 mL). D r y i n g  (N a 2 S 0 4 ) a n d  c o n c e n t r a t i o n  i n  

v a c u o  y i e l d e d  49 (0 .93  g,  82%):  IR ( f i l m ,  c m ' 1) 3 5 2 0 ,  3 6 0 0 - 3 1 0 0  ( b r ) ,

2 9 4 0 ,  1480 ,  1 4 6 5 ,  1455 ( s h ) ,  1 2 5 5 ,  10 5 0 ,  1 0 3 0 ,  730;  1 H NMR 6 7 . 6 - 7 . 0  

(m, 5 H), 6 . 9 - 6 . 5  (m, 2 H ) , 5 . 2 - 4 . 9  ( b r ,  1 H ) , 5.07 ( s ,  2 H), 455  ( b r  

s ,  2 H), 3.76 ( s ,  3 H), 3.27 (AB q ,  J  = 14 Hz,  1 H ) , 3 .01  (AB q, J = 14 

Hz,  1 H), 3 . 0 - 1 . 4  (m, 6  H) ; 1 3 C NMR S 1 5 1 . 2 ,  15 0 .1 ,  1 3 6 . 0 ,  1 29 .0 ,  128 .3  

(2 C) ,  127 .9 ,  1 2 7 . 6 ,  126.9 (2 C) ,  10 9 .4 ,  1 0 8 . 3 ,  72 . 7 ,  7 0 . 1 ,  54 .9 ,  4 7 . 0 ,  

31.4,  23.4, 18.4;  mass s p e c t r u m ,  e x a c t  mass c a l c d  f o r  C^g^^O^N m/e M-

CN p e a k .

nhcocf.

P r e p a r a t i o n  o f  50 f r o m  49

I n  a r o u n d - b o t t o m e d  f l a s k  e q u ip p e d  

w i t h  a  m a g n e t i c  s t i r r e r  a n d  N2  i n l e t

w e r e  d i s s o l v e d  49 (0.96  g,  3 . 0 6  mmol)

a n d  d r y  E t j N  (1  mL) i n  d r y  THF ( 3 0  mL).

A t  0 °C (CF3 C02 )0  (0 .46 mL, 1 .0 5  e q u i v )  

w a s  a d d e d ,  a n d  t h e  m i x t u r e  w a s  s t i r r e d  

f o r  0.5 h. The r e a c t i o n  was qu e n c h e d  by

a d d i t i o n  o f  H2 0 (0 .5  mL), a n d  t h e  m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o ,  

e x t r a c t e d  w i t h  CH2 C I 2  (4 x 30 m L ) / s a t u r a t e d  NH^Cl (aqu eo us ,  40 mL), and 

w a s h e d  w i t h  b r i n e  (40 mL). D r y i n g  (Na2 S0 ^)  and  c o n c e n t r a t i o n  i n  vacuo  

y i e l d e d  a l i g h t  y e l l o w  o i l .  F l a s h  c o l u m n  c h r o m a t o g r a p h y  ( 1 0 : 1

CH2 C l 2 / E t O A c )  g a v e  a l i g h t  y e l l o w  o i l  5 0  ( 1 . 1 5 2  g ,  92%) .
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R e c r y s t a l l i z a t i o n  (CH2 C12 /PE) gave 50 (1.01 g, 80%): mp 137-138 .5  °C;

IR (KBr) 3 4 7 0 ,  3 2 4 0 ,  1 7 1 0 ,  1 5 4 6 ,  14 8 0 ,  1 4 6 5 ,  1 4 1 0 ,  1 3 4 0 ,  1 2 6 0 ,  1240  

( s h ) ,  1 2 1 5 ,  1 1 8 0 ,  1 1 4 0 ,  11 15 ,  1 0 6 5 ,  1050  ( s h ) ,  10 3 0 ;  1H NMR S  7 .38  ( s ,  

5 H), 6 . 8 - 6 .5 ( b r ,  1 H ) , 6 .8 1  (AB q ,  J  -  9 Hz, 1 H), 6 .71  (AB q,  J = 9 

Hz,  1 H), 5 . 1 0  ( s ,  2 H),  4 .8 7  ( b r  s ,  1 H ) , 4 . 2 - 3 . 4  (m, 2 H ) , 3 .7 7  ( s ,  3 

H),  3 . 1 - 1 . 5  (m, 6  H); 1 3 C NMR S 157 .3  (q,  J c _p = 38 ) ,  1 5 2 . 1 ,  1 50 .3 ,

1 3 5 . 8 ,  1 2 8 . 6  (2 C), 1 2 8 . 4 ,  1 2 8 . 2 ,  1 2 7 .8 ,  127 . 3  (2 C ) , 1 0 9 . 7 ,  109 . 1 ,  

72 . 8  70 . 7 ,  5 5 . 2 ,  4 5 . 6 ,  3 1 .9 ,  23 . 5 ,  18 . 7 ;  ma s s  s p e c t r u m ,  e x a c t  mas s

c a l c d  f o r  C2 ^H2 2 0 ^NF2  m/e ____________ , obsd m/e  ____________.

Preparation of 37f from 50 

A m i x t u r e  o f  5 0  ( 0 . 9 8 9  g ,  2 . 4 2  

m m o l ) ,  EtOAc (100  m L ) , a n d  5% Pd /C  (100  

mg) was p u t  i n t o  a  h y d r o g e n a t i o n  b o t t l e  

u n d e r  H2  a t m o s p h e r e  (7 0  l b )  f o r  6  h.

The  r e s u l t i n g  s o l u t i o n  w a s  f i l t e r e d  

t h r o u g h  C e l i t e  and c o n c e n t r a t e d  i n  vacuo

t o  y i e l d  a  c l e a r  o i l .  F l a s h  co l um n c h r o m a to g r a p h y  removed t r a c e  i m p u r 

i t i e s  t o  y i e l d  37f ( 6 0 0  mg, 95%): IR ( f i l m ,  c m ' 1 ) 3 6 0 0 - 3 1 0 0 ,  2950,

1 7 1 5 ,  14 7 0 ,  1 2 5 0 ,  1 2 1 0 ,  1185 ( b r ) ,  1045;  1H NMR 6 7 .85 ( s  1 H ) , 7 . 3 - 6 . 9 

(m, 1 H), 6 . 6 3  ( s ,  2 H ) , 4 . 2 - 3 . 4  (m, 3 H), 3 .72 ( s ,  3 H ) , 3 . 0 - 1 . 5  (m, 6  

H) ; mass s p e c t r u m ,  e x a c t  mass  c a l c d  f o r  C^HigC^NF^ m/g 319.1031,  obsd 

m / e  319.1002.

NHCOCF-
HO
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Anodic O x i d a t i o n  o f  37a  and 

Quinone Imin e  K e t a l  F o r m a t i o n  o f  52a  

A s o l u t i o n  o f  3 7 a  ( 0 . 1 4 0 g ,  0 .5 31

mm ol )  i n  2% L i C l O ^  (120  mL) w a s  e l e c -  

t r o l y z e d  (3 V, 0 . 0 6  A) f o r  45 m i n  u n t i l  (OCHg^
s '

c o m p l e t e  d i s a p p e a r a n c e  o f  s t a r t i n g  

m a t e r i a l  a s  a s c e r t a i n e d  b y  UV 

s p e c t r o s c o p y .  T h e  r e s u l t i n g  s o l u t i o n  

was  c o n c e n t r a t e d  i n  v a c u o ,  a n d  e x t r a c t e d  w i t h  C i ^ C l j  (3 x 30 mL). 

D r y i n g  (Na 2 S0 ^ )  a n d  c o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  a  v e r y  l i g h t  o i l .  

The r e s u l t i n g  o i l  was d i s s o l v e d  i n  THF (100 mL) and h y d r o l y z e d  w i t h  5% 

KOH (5 mL) f o r  2 h .  The r e s u l t i n g  m i x t u r e  w as  c o n c e n t r a t e d  i n  v a c u o  

a n d  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 30 mL). The  a q u e o u s  l a y e r  w as  n e u 

t r a l i z e d  b y  a d d i t i o n  o f  s a t u r a t e d  NH^Cl (30  mL) a n d  e x t r a c t e d  w i t h  

CH2 CI 2  (2 x 30 mL). The co mb in ed  o r g a n i c  l a y e r  was w a s h e d  w i t h  b r i n e  

(30 mL), D r y i n g  (N a 2 S0 ^ ) ,  a n d  c o n c e n t r a t e d  i n  v a c u o  t o  y i e l d  a  c r u d e ,  

l i g h t  y e l l o w  o i l  5 2 a  (90.1 mg, 82%): IR ( f i l m ,  c m ' 1) 2930,  1220, 1180,

1 1 3 5 ,  10 7 0 ,  1 0 3 0 ,  945;  1H NMR 6 6 .7 0  (AB q,  J  »  10 Hz, 1 H ) , 6 .33  (d o f  

AB q ,  J  -  10, 1 .6  Hz,  1 H ) , 5 .9 0  (d ,  J  = 1 .6  Hz, 1 H ) , 4 . 7 0 - 4 . 4 5  (m, 2 

H), 3 .2 4  ( s ,  6  H), 2 . 7 2 - 2 . 5  (m, 2 H); 1 3 C NMR 5 1 6 4 .3 ,  1 4 3 . 4 ,  1 3 7 .5 ,  

1 2 5 . 0 ,  1 2 1 .0 ,  9 6 . 7 ,  60 .0 ,  4 9 . 8 ,  2 7 .1 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  

f o r  C1 0 H1 3 NO2  m/e  179.0946,  o b s d  m/e 179.0953.
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Anodic  O x i d a t i o n  o f  37b a n d  

Qu in one  Imine  K e t a l  F o r m a t i o n  o f  52b 

A s o l u t i o n  o f  3 7 b  ( 0 .5 1  g ,  1.83 

mmo l)  i n  2% LiClO^/CHgOH w as  e l e c t r o -  

l y z e d  a t  0 °C ( 3 . 1  V, 0 .06  A) f o r  2 h.

The r e s u l t i n g  s o l u t i o n  was c o n c e n t r a t e d  

i n  v a c u o ,  e x t r a c t e d  w i t h  C H j C ^  (4 x 50 

mL), D ry in g  (Na2 SO^), and c o n c e n t r a t i o n  

i n  v a c u o  t o  y i e l d  a  l i g h t  y e l l o w  o i l .  The r e s u l t i n g  o i l  was  d i s s o l v e d  

i n  THF (100 mL) a n d  mixed  w i t h  5% KOH (10 mL). A f t e r  s t i r r i n g  f o r  2 h,  

t h e  r e s u l t i n g  s o l u t i o n  was c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 CI 2  

(5 x  30 mL) , a n d  w a s h e d  w i t h  b r i n e  (40  mL). D r y i n g  (N a 2 S0 ^)  a n d  

c o n c e n t r a t i o n  i n  v a c u o  g a v e  5 2 b  ( 0 . 32  g,  91%) a s  a l i g h t  y e l l o w  o i l :  

IR ( f i l m ,  c m ' 1 ) 3 6 0 0 - 3 1 0 0 ,  2 9 4 0 ,  1560 ,  1 3 7 0 ,  1140 ,  1 0 8 0 ,  10 5 0 ,  1035  

( s h ) ,  9 5 0 ;  1H NMR S 6 . 8 - 6 .2 (m, 3 H), 4 .8 5  -4 .7  (m, 1 H ) , 4 . 4 5 - 3 . 7 0  (m, 

3 H), 3.26 ( s ,  6  H); mass s p e c t r u m ,  e x a c t  mass  c a l c d  f o r  C^qH^jNO^ m/e

195.0896,  obsd m/e  195.0840.

(O C H ^

Anodic O x i d a t i o n  o f  37c a n d  

Quinone  Imine  K e t a l  F o rm a t i o n  o f  52c 

A s o l u t i o n  o f  3 7 b  (0 . 51  g ,  1.83 

mmol)  i n  2% LiGlO^/CH^OH was  e l e c t r o -  

l y z e d  a t  0 °C (3 .1  V, 0 .06  A) f o r  2 h.

The r e s u l t i n g  s o l u t i o n  was c o n c e n t r a t e d  

i n  v a c u o ,  and e x t r a c t e d  w i t h  CH2 C I 2  (4 x 

50  m L ) .  D r y i n g  ( N a 2  S 0 ^ )  a n d

( 0 0 * 3 * 2
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c o n c e n t r a t i o n  i n  va cuo  y i e l d e d  a  l i g h t  y e l l o w  o i l .  The r e s u l t i n g  o i l  

was  d i s o l v e d  i n  THF (1 2 0 0  mL), f o l l o w e d  by  t r e a t m e n t  w i t h  5% KOH (15  

mL). A f t e r  s t i r r i n g  f o r  3 h ,  t h e  r e s u l t i n g  m i x t u r e  was c o n c e n t r a t e d  i n  

v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (5 x 40 mL), a n d  w a s h e d  w i t h  b r i n e  (30  

mL). D r y i n g  (Na 2 S0 ^)  a n d  c o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  c r u d e  5 2 c  

(0 .375  g ,  89%): IR ( f i l m ,  c m ' 1 ) 3 6 0 0 - 3 0 0 0  ( b r ) ,  2960 ,  2 9 3 0 ,  1 5 8 0 ,

1365,  1 2 0 5 ,  112 0  ( s h ) ,  1 1 0 0 ,  10 60 ,  1 0 3 0 ,  950,  720;  1 H NMR S 6 .67 (AB q ,  

J  = 10 Hz,  1 H),  6 .38  (d o f  AB q,  J  == 10,  2 Hz, 1 H ) , 6 .28  (d ,  J  = 2 

Hz, 2 H),  4 .0 6  ( s ,2 H ) , 3 .29  ( s ,  3 H ) , 3.27 ( s ,  3 H),  3 . 1 5 - 2 . 7 0  ( b r  s ,  

1 H), 1 .43  ( s ,  3 H); 1 3 C NMR S  1 6 3 . 3 ,  1 4 8 . 3 ,  1 3 7 . 7 ,  1 2 4 .7 ,  1 2 3 .4 ,  9 6 . 1 ,  

75 .7 ,  7 4 . 4 ,  4 9 . 8 ,  4 9 . 7 ,  2 6 .3 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r

m/e  178 (M+ -OCH3).

t o  0 °C a n d  e l e c t r o l y z e d  (3 .3  V, 0 .06 A) 

f o r  1.6 h.  The  r e s u l t i n g  s o l u t i o n  w as  

c o n c e n t r a t e d  i n  v a c u o ,  a n d  e x t r a c t e d

w i t h  CH2 C l 2 ( 3  x 30 mD/T^O (40 mL). D ry in g  (Na2 S0 ^) and c o n c e n t r a t i o n  

i n  v a c u o  g a v e  a l i g h t  y e l l o w  o i l .  The  r e s u l t i n g  o i l  was  d i s s o l v e d  i n  

THF (100  m L ) , m i x e d  w i t h  5% KOH ( 6  mL), a n d  s t i r r e d  f o r  3 h.  The  

r e s u l t i n g  s o l u t i o n  was c o n c e n t r a t e d  i n  va cuo ,  e x t r a c t e d  w i t h  CH2 C I 2  (4

Anodic Oxidation of 37d and
Quinone Imine Ketal Formation of 52d

I n  a n  e l e c t r o l y s i s  c e l l  was  d i s 

s o l v e d  3 7 d  (0 .4 4 2  g,  1 .5 1  mmol)  i n  1% 

LiClO^/CH^OH, and t h e  m i x t u r e  was c o o l e d
OH
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x 30 mL), and  wa she d  w i t h  b r i n e .  D ry in g  (Na2 S0 ^) and c o n c e n t r a t i o n  i n  

v a c u o  g a v e  5 2 d  ( 0 . 2 8 3  g ,  91%): IR ( f i l m ,  c m ' 1 ) 3 6 0 0 - 3 1 0 0 ,  2 9 3 0 ,  1580 ,

1 09 0,  1 0 6 0 ,  1 0 3 0 ,  9 5 0 ;  NMR S 6 . 6 3 - 6 . 2 0  (m, 3 H),  4 . 5 - 3 . 4  (m, 3 H ) , 

3 .29 ( s ,  6  H),  2 . 5 - 1 . 4  (m, 3 H); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

C11H15N03 209.1052,  o b s d  m/e 209.1063.

Anodic  O x i d a t i o n  o f  37e and 

Quinone  Im in e  K e t a l  F o r m a t i o n  o f  52e 

To a n  e l e c t r o l y s i s  c e l l  w as  d i s -

l y z e d  (3 V, 0 . 0 6  A) a t  0 °C f o r  2 h  

u n t i l  d i s a p p e a r a n c e  o f  s t a r t i n g  m a t e r i a l

a s  d e t e r m i n e d  by  UV s p e c t r o s c o p y .  The r e s u l t i n g  m i x t u r e  was c o n c e n 

t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x  40  mL) , a n d  w a s h e d  w i t h  

b r i n e  (40  mL). D r y i n g  (N a 2 S0 ^)  a n d  c o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  a 

c o l o r l e s s  o i l .  The  o i l  w a s  d i s s o l v e d  i n  THF ( 1 0 0  mL), 5% KOH (5 mL) 

was added,  and  t h e  m i x t u r e  was s t i r r e d  f o r  2 h. The r e s u l t i n g  s o l u t i o n  

w a s  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (4 x 30 m L ) , and  

washed  w i t h  b r i n e  (40 mL). Dry ing  (Na 2 S0^) and c o n c e n t r a t i o n  i n  vacuo 

y i e l d e d  l i g h t  y e l l o w  o i l  5 2 e  (0.36 g,  89%): IR ( f i l m ,  cm"1) 3600-3100

6 7. 1 ,  4 9 .5  (2 C ) , 4 8 . 3 ,  3 6 . 7 ,  27 .2 ;  m a s s  s p e c t r u m ,  e x a c t  m a ss  c a l c d  f o r  

C12H17N03 223.1208,  o b s d  m/e  223.1200.

s o l v e d  3 7 e  (0 . 5 6  g ,  1 .82  mmol)  i n  1% 

LiClO^/CH^OH. The s o l u t i o n  was e l e c t r o -

( b r ) ,  2 9 4 0 ,  16 9 5 ,  1 1 2 0 ,  1 1 0 5 ,  1060 ,  1 0 4 0 ,  950;  1H NMR 6 6 . 6 - 6 . 1 5  (m, 3

H), 5 .26  ( s ,  1 H), 4 . 3 - 3 . 5  (m, 2 H ) , 3 .27  ( s ,  6  H ) , 1.77 ( t ,  J  = 5 Hz, 

2 H), 1 .33  ( s ,  3 H); 1 3 C NMR 6  1 5 6 .0 ,  1 3 7 . 7 ,  1 3 2 . 6 ,  1 3 1 .4 ,  1 2 6 . 5 ,  94 .6 ,
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Anodic Oxidation of 37f and 
Quinone Imine Ketal Formation of 52f 

A s o l u t i o n  o f  37f ( 0 . 6 5  g,  2 .49  

mmol) was d i s s o l v e d  i n  1% LiClO^/CHgOH, 

and  t h e  m i x t u r e  was  e l e c t r o l y z e d  a t  0 °C 

(3 V, 0 .06  A) f o r  2 .8 h .  The  r e s u l t i n g  

s o l u t i o n  was  c o n c e n t r a t e d  i n  v a c u o ,  

e x t r a c t e d  w i t h  CH2 C I 2  (5 x 40 mL ) , a n d  

wash ed  w i t h  b r i n e .  D r y i n g  (Na£S0^) and c o n c e n t r a t i o n  i n  vacuo  y i e l d e d  

a c l e a r  o i l .  The  r e s u l t i n g  o i l  w as  d i s s o l v e d  i n  THF (100  mL) , m i x e d  

w i t h  5% KOH (10 mL), a nd  s t i r r e d  f o r  5 h. The m i x t u r e  was c o n c e n t r a t e d  

i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 CI 2  (5 x 40 mL), w ashed  w i t h  b r i n e .  Dry ing  

(Na 2 S0 ^ ) ,  a n d  c o n c e n t r a t i o n  i n  v a c u o  t o  y i e l d  a l i g h t  y e l l o w  o i l .  

R e c r y s t a l l i z a t i o n  (CH2 C I 2 / P E )  g a v e  52f ( 0 . 53  g,  89%): mp 1 2 9 - 1 3 1  °C;

IR (KBr) 3 6 0 0 - 3 1 0 0 ,  2 9 4 0 ,  2 8 3 0 ,  1 5 4 0 ,  1 2 0 5 ,  1 1 0 0 ,  10 60 ,  9 30 ,  910;  1H 

NMR 6 6 .81 (AB q,  J  -  10 Hz,  1 H ) , 6 .63  (AB q,  J  -  10 Hz, 1 H ) , 4 .23  

(AB q,  J  -  17 Hz, 1 H ) , 3 .7 3  (AB q,  J  -  17 Hz, 1 H ) , 3 .38  ( s ,  1 H ) , 

3 .2 0  ( s ,  3 H), 3 .0 4  ( s ,  3 H ) , 2 . 4 - 1 . 2  (m, 6  H ) ; 1 3 C NMR S 1 6 2 . 9 ,  1 4 3 .3 ,

1 3 8 . 9 ,  1 36 .7 ,  1 2 6 . 9 ,  9 7 . 8 ,  7 4 . 8 ,  7 1 .3 ,  5 1 . 1 ,  5 0 .6 ,  3 1 .7 ,  2 0 .0 ,  17 .6 ;  

m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  Cj^H^yO^N m /e  2 3 5 . 1 2 0 9 ,  o b s d  m /e  

2 3 5 . 1220 .

(pC*3»2

OH
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Figure 2. 80 MHz 1H NMR Spectrum of 41a
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Figure 4. 80 MHz 1H NMR Spectrum of 43a
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Figure 6 . 80 MHz 1H NMR Spectrum of 41b



n h 2

6 5 PPM 4 3
F i g u r e  7 .  80 MHz 1H NMR S p e c t r u m  o f  4 2 b

205



nhcocf3

j j

7 6 5 PPM 4 3 2 1 0
F i g u r e  8 .  80  MHz 1H NMR S p e c t r u m  o f  4 3b

206



HOJ

5 PPM 4 3
80 MHz 1H NMR Spectrum of 37c

8 27 6
Figure 9.

1 0



0H
CN

8 5 3 2 17 6 PPM 4 0

Figure 10. 80 MHz 1H NMR Spectrum of 44a

'T

208



f

0H
NH.

5 PPM 48 7 6 3 02 1
Figure 11. 80 MHz NMR Spectrum of 45a

209



i

OH

NHCOCF-

PPM 48 3 05 27 16
Figure 12. 80 MHz 1H NMR Spectrum of 46a

210



NHCOCF*

6  5 PPM 4 3
Figure 13. 80 MHz 1H NMR Spectrum of 37d

211



6 5 PPM 4 3
Figure 14. 80 MHz NMR Spectrum of 44b



I

P t O t y

8 6 25 PPM 4 1 07 3
Figure 15. 80 MHz ^  NMR Spectrum of 45b

213



J  L l 1

N H C O C F j

1 1 J  I I L
6 5 PPM 4 3

Figure 16. 80 MHz ^  NMR Spectrum of 46b 214



NHCOCF*

11»  ‘,* « rV U i.iW »|i

o o PPM 4 ^
Figure 17. 80 MHz  ̂H NMR Spectrum of 3 7 e

215



Pt»CH20  CM OSKCHjVj

J___ L I ___ L
8 7 6 5 PPM 4 3 2 1 0

Figure 18. 80 MHz *H NMR Spectrum of 48 216



6 5 PPM 4 3
Figure 19. 80 MHz ^  NMR Spectrum of 49

217



H NHCOCF-

6 5 PPM 4 3
Figure 20. 80 MHz 1H NMR Spectrum of 50

N3h-»
09



HNHCOCF-HO

PPM
Figure 21. 80 MHz 1H NMR Spectrum of 37f 219



i

II

- A .

6 5 ppH 4 3
Figure 22. 80 MHz NMR Spectrum of 52a 220



OH

.A.

6 5  PPM 4 3
Figure 23. 80 MHz NMR Spectrum of 52b

8 7 2 1 0

221



O H

CH3



OH

 J w J * .

6 5 ppM 4 3
Figure 25. 80 MHz 1H NMR Spectrum of 52d



6 5 PPM 4 3
Figure 26. 80 MHz NMR Spectrum of 5 2 e

224



OH

5 PPM 48 3 2 07 6 1
Figure 27. 80 MHz 1 H NMR Spectrum of 52f £



PART I V

PREPARATION AND CHEMISTRY OF QUINONE IMIDE KETALS

226



ANODIC OXIDATION OF N-PROTECTED AROMATIC AMINES
The a r o m a t i c  a m i n e s ,  b e c a u s e  o f  t h e i r  e a s e  o f  o x i d a t i o n  and  h i g h  

s o l u b i l i t y  i n  a q u e o u s  s o l u t i o n ,  h a v e  b e e n  s u b s t r a t e s  f o r  n u m e r o u s  

a n o d i c  s t u d i e s . ^  S y s t e m s  s u c h  as  t h e  a m i n o p h e n o l s  h a v e  s e r v e d  a s  

t e s t i n g  g r o u n d s  f o r  many o f  t h e  m e t h o d s  a n d  t h e o r i e s  o f  m o d e r n  e l e c -  

t r o a n a l y t i c a l  c h e m i s t r y .  Wawzonek and M c I n t y r e  m e a s u r e d  t h e  o x i d a t i o n  

h a l f - w a v e  p o t e n t i a l  o f  s om e  p a r a - s u b s t i t u t e d  a n i l i n e s  b y  u s i n g  a 

r o t a t i n g  p l a t i n u m  e l e c t r o d e  i n  a c e t o n i t r i l e  as  shown i n  T a b le  I.

Table I. Oxidation Potentials in Aqueous Solution and in Acetonitrile
and Ionization Potentials for Para-Substituted Anilines

P a r a - S u b s t i t u e n t PKa

E^ ^ 2  . SCE 

i n  H20 (V)

El / 2  v s - 
Ag|Ag+ ( 0 . 1  N)

i n  CH3CN (V)

I o n i z a t i o n

P o t e n t i a l

(eV)

Methoxy 5.3 0 . 44 0.26 7.82

Phenyl 5 .3 0 .46 ------ ------

Hydrogen 4 .6 0 .72 0 .54 8 .32

Chloro 4 . 0 0 .73 0 .6 0 -----

Carboxy 2.4 0 .84 ----- -----

Cyano 1 . 8 1.03 ----- -----

N i t r o 1 . 0 1.07 1.03 8 .85
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The p r i m a r y  a r o m a t i c  ami nes  we re  e l e c t r o c h e m i c a l l y  o x i d i z e d  on a
3

p r e p a r a t i v e  s c a l e  i n  a q u e o u s  a c i d  o r  b a s e  a s  e a r l y  a s  1875 a n d  1 8 7 6 ,  

b u t  v o l t a m e t r i c  d a t a  w e r e  n o t  o b t a i n e d  u n t i l  1954,^ and  t h e  m a jo r  s t u d y  

w as  d o n e  b y  Adams a n d  c o - w o r k e r s . ^ ” T h e s e  i n v e s t i g a t i o n s  w e r e  n o t  

d e s i g n e d  t o  d e v e l o p  new s y n t h e t i c  me th od s  b u t  were mechanism s t u d i e s .

I n  t h e  o x i d a t i o n  o f  a n i l i n e  t h e  a n o d i c a l l y  fo rm ed  c a t i o n  r a d i c a l  i s  

n o t  o b s e r v e d  w i t h  ESR o r  d e t e c t e d  by e l e c t r o c h e m i c a l  t e c h n i q u e s .  I t  was 

pre su m ed t o  un de rg o  c o u p l i n g  and c o n d e n s a t i o n  to  d i m e r i c  and p o l y m e r i c  

s p e c i e s .  When o x i d i z e d  i n  3.7 M s u l f u r i c  a c i d ,  a g r e e n  p r e c i p i t a t e  was 

o b t a i n e d  o n  t h e  a n o d e ,  a n d  t h i s  w a s  t h o u g h t  t o  b e  e m e r a d i n e  1 ,® 

p r o b a b l y  f o r m e d  v i a  p - a m i n o d i p h e n y l a m i n e ,  which  i s  o x i d i z e d  a t  l o w e r

H

H2NtO = 0 =N+H2

a n o d ic  p o t e n t i a l  t h a n  a n i l i n e ,  i t s  p r e c u s s o r .  At pH 0 t o  6.5, p - a m i n o -  

d i p h e n y l a m i n e  i s  t h e  m a j o r  p r o d u c t  f o r m e d  f ro m  a n i l i n e  o x i d a t i o n ,  

f u r t h e r  o x i d a t i o n  r e s u l t e d  i n  th e  f o r m a t i o n  o f  2 .

Anodic  o x i d a t i o n  o f  p - a m i n o p h e n o l  3 a f f o r d e d  b e n z o q u in o n e  4 w hic h  

was p r o p o s e d  t o  o c c u r  v i a  h y d r o l y s i s  o f  t h e  quinone i m i n e  5.
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- 2 H

-2e~ H 0 0

3 5 4

The a n o d i c  o x i d a t i o n  o f  se c o n d a r y  a nd  t e r t i a r y  a r o m a t i c  a m i n e s  i n

aq ueous  s o l u t i o n  was s t u d i e d  i n  a w id e  r a n g e  o f  p H . ^  The p r o d u c t s  8 ,9  

o f  t h e  r e a c t i o n  w e re  s u g g e s t e d  t o  be o x i d i z e d  d i m e t h y l b e n z i d e n e  6 and 

t e t r a m e t h y l b e n z i d e n e  7 on t h e  b a s i s  o f  v o l t a m m e t r i c  i d e n t i f i c a t i o n .  The 

r e a c t i o n  w as  c o m p l i c a t e d  by  f u r t h e r  r e a c t i o n  b e t w e e n  p r o d u c t  a n d  

s t a r t i n g  m a t e r i a l  w hic h  i s  shown as  f o l l o w s :

H' V CH36 -2 e
H- N - C H 3

H 3C H N H C H.

-2e

-2Hr — h3cn=0 =0 =iNCH.

-2e
n cc h3)2-

( J
(CH3)2N - 0 - 0 -

N ( C H 3) 2
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From t h e  ab o v e  r e s u l t s ,  t h e  d i r e c t  a n o d i c  o x i d a t i o n  o f  a r o m a t i c  

a m i n e s  o f t e n  r e s u l t e d  i n  c o m p l i c a t e d  p r o d u c t s  and  can  o n l y  be  u s e d  as  

m e c h a n i s t i c  s t u d i e s ,  no s y n t h e t i c  a p p l i c a t i o n s  w e r e  u s e d  a t  t h i s  s t a g e .

For  t h i s  r e a s o n ,  N - p r o t e c t e d  a m i n e s  were  u s e d  t o  i n v e s t i g a t e  th e  

a n o d i c  o x i d a t i o n  r e a c t i o n s .  In  t h e  l i t e r a t u r e ,  t h e r e  i s  no m e n t i o n  of  

t h e  a n o d i c  o x i d a t i o n  s t u d i e s  o f  p - m e t h o x y  b e n z a m i d e  o r  p - h y d r o x y l  

b e n z a m i d e .  S e v e r a l  c h e m i c a l  o x i d a t i o n  m e t h o d s  w e r e  d e s c r i b e d  i n  t h e  

i n t r o d u c t i o n  o f  P a r t  I I I  o f  t h i s  d i s s e r t a t i o n ,  b u t  t h e s e  m e t h o d s  a r e  

n o t  s u i t a b l e  f o r  s y n t h e t i c  pu rp os es .

O b j e c t i v e

The o b j e c t i v e  o f  t h i s  work was t o  e x p l o r e  t h e  a n o d i c  o x i d a t i o n  of  

N - p r o t e c t e d  a m i n e s  a n d  t h e  s y n t h e t i c  a p p l i c a t i o n  o f  t h e  r e s u l t i n g  

p r o d u c t s .



RESULTS AND DISCUSSION

Anodic  O x i d a t i o n  S t u d i e s

The a n o d i c  o x i d a t i o n  o f  p - s u b s t i t u t e d  a r o m a t i c  ami des  a p p a r e n t l y  

h a v e  n o t  b e e n  p r e v i o u s l y  i n v e s t i g a t e d .  Thus ,  f o r  i n i t i a l  e x p l o r a t o r y  

s t u d i e s  t h e  a m i d e s  f r o m  c o m m e r c i a l l y  a v a i l a b l e  p - a n i s i d i n e  a n d  p-  

t o l u i d i n e  w e r e  c h o s e n  f o r  s t u d y .  T h e s e  c o m p o u n d s  w e r e  p r e p a r e d  by  

s t a n d a r d  a c y l a t i o n  o f  t h e  c o r r e s p o n d i n g  a n i l i n e ,  a n d  t h e  c o m p o u n d s  

s h o w e d  t h e  e x p e c t e d  s p e c t r o s c o p i c  p r o p e r t i e s .  The  a n o d i c  o x i d a t i o n s  

w e r e  p e r f o r m e d  un d e r  t h r e e  s e t s  o f  e x p e r i m e n t a l  c o n d i t i o n s .  T hese  w i l l  

b e  r e f e r e n c e d  i n  t h e  t e x t  as  P r o c e d u r e s  I ,  I I ,  and  I I I .

R 1 R',2 R"3

a, OCH3 Ph H
b, OH Ph H

c ,  o c h 3 c h 3 H
d, OH CH3 H

e ,  OCH3 O -t-B u  H

f, CH3 Ph H

g ,  OH Ph CH
10a -g

3

231



232

I .  These r e a c t i o n  c o n d i t i o n s  i n v o l v e d  a  s i n g l e  e l e c t r o l y s i s  c e l l  

w i t h  2 % l i t h i u m  p e r c h l o r a t e / m e t h a n o l  a s  s o l v e n t  and e l e c t r o 

l y t e  .

I I .  T h e s e  r e a c t i o n  c o n d i t i o n s  a l s o  i n v o l v e d  a 2% l i t h i u m  p e r 

c h l o r a t e / m e t h a n o l  a s  s o l v e n t  and e l e c t r o l y t e .  However ,  t h i s  

d i f f e r e d  f r o m  I i n  t h a t  f i n e l y  g ro u n d  sodium b i c a r b o n a t e  was 

employed a s  a  h e t e r o g e n e o u s  b a s e ,  and v i g o r o u s  s t i r r i n g  was 

u s e d .

I I I .  T h e s e  c o n d i t i o n s  i n v o l v e d  a d i v i d e d  c e l l  w i t h  2% l i t h i u m  

p e r c h l o r a t e / m e t h a n o l  a s  s o l v e n t  a n d  e l e c t r o l y t e .  F i n e l y  

g r o u n d  s o d i u m  b i c a r b o n a t e  was  e m p l o y e d  a s  a h e t e r o g e n e o u s  

b a s e ,  and v i g o r o u s  s t i r r i n g  was used .

A l l  a n o d i c  o x i d a t i o n  s t u d i e s  w e r e  c o n d u c t e d  a t  0 °C and w e re  m o n i 

t o r e d  b y  UV s p e c t r o s c o p y  o r  TLC. T h r e e  t y p e s  o f  a m i d e s  w e r e  e m p l o y e d  

( b e n z o y l ,  a c e t y l ,  t -BO C)  i n  t h e  s t u d i e s ,  a n d  t h e  r e s u l t s  a r e  s h o w n  i n  

T a b l e  I I .

The  1 , 4 - a d d i t i o n  p r o d u c t s  ( e n t r i e s  1 , 4 )  w e r e  o b t a i n e d  a s  e i t h e r

l i g h t  y e l l o w  l i q u i d  o r  c o l o r l e s s  s o l i d  f rom c o n v e n t i o n a l  workup o f  t h e

a n o d i c  o x i d a t i o n  m i x t u r e .  The c o m p o u n d s  c o u l d  n o t  be  p u r i f i e d  by

s i l i c a  g e l  c h r o m a t o g r a p h y  s i n c e  d e c o m p o s i t i o n  o f  t h e  c o r r e s p o n d i n g

quin one  i m i d e  o c c u r r e d .  However,  t h e  s p e c t r o s c o p i c  d a t a  o b t a i n e d  from

t h e  c r u d e  p r o d u c t  i n d i c a t e d  t h e  compounds were  fo rm e d  i n  good y i e l d  and

h i g h  p u r i t y .  The ■'"H NMR s p e c t r u m  o f  t h e  c r u d e  r e a c t i o n  m i x t u r e  f r o m

a n o d i c  o x i d a t i o n  o f  10  i s  r e p r e s e n t a t i v e  o f  t h e  p r o d u c t s  o b t a i n e d .  The 

13 C NMR sp e c t r u m  o f  t h e  c rude  r e a c t i o n  m i x t u r e  f rom t h e  a n o d i c  o x i d a 

t i o n  o f  1 0 b  g i v e  t w o  t e r t i a r y  p e a k s  a t  5 92 .0  a n d  78.9 a n d  g i v e  t h e
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T a b le  II .  A nodic  O xidation  o f  lOa-g

Entry S ub stra te  Condition Product

Yield

(%)

1 10a I
PhH

11 80

2 10a II 12 86

( o c h 3)2

3 10b I

H-CO,

13 80

4 10c I

H,CO CH

(OCH.)

14 89

5 10c II

H„

15 89

(Oc h 3) 2
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Table II. (continued)

Yield
Entry S ub stra te  Condition Product (%)

h 3c

10d I (| |J is  89

O

7 lOe II 17 93

(o c h 3)2

8 lOf III 18 75

h 3c  o c h 3

Ph

Ph

lOg I 11 IJ 19 82

T h e  anodic oxidation voltage was se t  around 4 V and 0 .1 -0 .  3 A.  
S ee  details in Experimental s ec t io n s .

All oxidation products  were kept in -20  °C, o r  slow decomposition  
occurred  at room tem perature.
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Figure 1. 80 MHz 1H NMR Spectrum of 11
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e v i d e n c e  f o r  t h e  1 ,4  a d d i t i o n  o f  a n o d i c  o x i d a t i o n .  I n f r a r e d  s p e c t r o s 

copy i s  n o t  e s p e c i a l l y  u s e f u l  i n  p r o d u c t  d e t e r m i n a t i o n .

Quinone  im id e  k e t a l s  ( e n t r i e s  2 ,5 ,7 )  w e r e  o b t a i n e d  a s  l i g h t  y e l l o w  

o i l  f ro m  c o n v e n t i o n a l  workup o f  t h e  a n o d i c  o x i d a t i o n  m i x t u r e .  The c r u d e  

compounds can be  p u r i f i e d  v i a  s i l i c a  g e l  c h r o m a to g r a p h y .  A l l  t e n d e d  t o

decompose  s l o w l y  a t  room t e m p e r a t u r e ;  s t o r a g e  a t  -20 °C i s  recommended.

1 13R e p r e s e n t a t i v e  H a n d  C NMR s p e c t r a  o f  q u i n o n e  i m i d e  k e t a l s  12  

p r o d u c e d  from t h e  a n o d ic  o x i d a t i o n  of  a r o m a t i c  amide  i n  the  p r e s e n c e  

o f  b a s e  showed two methoxy p e a k s  and a c a r b o n - n i t r o g e n  d o u b le  bond a t  S 

. The mos t  c o n v e n i e n t  m e th o d  t o  d e t e r m i n e  t h e  q u i n o n e  imide  k e t a l  

f o r m a t i o n  i s  IR s p e c t r o s c o p y .  A s t r o n g  a b s o r p t i o n  a r o u n d  1600 cm"''' i s  

a s s i g n e d  to  the  C=N bond s t r e t c h i n g  v i b r a t i o n .

Th e  a n o d i c  o x i d a t i o n  o f  £ - a m i n o p h e n o l  d e r i v a t i v e s  ( e n t r i e s  3 ,6 ,9 )  

p r o c e e d e d  i n  good y i e l d  t o  g e n e r a t e  d i e n e n o n e  1 3 , 1 6 , 1 9 .  The s t r u c t u r e  

o f  t h e  c o m p o u n d s  w e r e  s u p p o r t e d  b y  s p e c t r o s c o p i c  d a t a .  Each  d i e n o n e  

s h o w e d  t w o  c h a r a c t e r i s t i c  c a r b o n y l  a b s o r p t i o n  p e a k s  a r o u n d  1670 a n d  

1630 cm ^ a s s i g n e d  t o  t h e  c o n j u g a t e d  c a r b o n y l  l i n k a g e ,  a n d  the  NMR 

s p e c t r u m  sh o w e d  a s e t  o f  AB q u a r t e t s  a r o u n d  S 7 . 0 - 6 . 0  w i t h  c o u p l i n g  

c o n s t a n t  e q u a l  t o  10 H er tz .

As i l l u s t r a t e d  i n  Table I I ,  a n o d i c  o x i d a t i o n  o f  N - p r o t e c t e d  amines  

i n  l i t h i u m  p e r c h l o r a t e  m e t h a n o l  u s u a l l y  g i v e  good y i e l d s  o f  t h e  1 , 4 -  

a d d i t i o n  p r o d u c t s .  However ,  when t h e s e  r e a c t i o n s  were  p e r f o r m e d  i n  t h e  

p r e s e n c e  o f  NaHCO-j powder ,  t h e  q u in o n e  i m i d e  k e t a l s  w e r e  v i r t u a l l y  t h e  

e x c l u s i v e  p r o d u c t s .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  r e a c t i o n  m i x t u r e  

m u s t  be  r a p i d l y  s t i r r e d  i n  o r d e r  t o  keep  t h e  NaHCOj p o w d e r  suspended.  

Slow s t i r r i n g  l e a d s  t o  a m i x t u r e  o f  11 and 1 2  from 10a .
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Figure 2. 80 MHz 1H NMR Spectrum of 12
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Figure 2a. 20 MHz 13C NMR Spectrum of 12 239
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aN^Ph

< >
OCH

©
NaHCO,

3 LiCI04 /CH30H

H,CO Ph

(OCH,) (OCH3)2

10a 11 12

A p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  e f f e c t  o f  s o d i u m  b i c a r b o n a t e  on the

p r o d u c t  m i x t u r e  i s  g i v e n  i n  Scheme I .

HJlN Ph
- e

)CH.

10a

HJ1N Ph

0
{ ° c h 3)2

21

N Ph

0 C H 3
20

c h 3o h

hA0
(OCH3)

22

c h 3o h
11

2
-H

b a se

12

R e m o v a l  o f  one  e l e c t r o n  f r o m  1 0 a  gave a c a t i o n  r a d i c a l  2 0  w h i c h  

u n d e r w e n t  a d d i t i o n  o f  m e t h a n o l  t o  g i v e  i n t e r m e d i a t e  21.  F u r t h e r  re m ov a l  

o f  one  e l e c t r o n  f r o m  2 1  g a v e  a c a t i o n  i n t e r m e d i a t e  22.  R e a c t i o n  o f  

m e th an o l  w i t h  22 gave t h e  1 , 4 - a d d i t i o n  p r o d u c t  1 1 ,  o r  ba se  a b s t r a c t i o n
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o f  a  p r o t o n  f r o m  22  g a v e  t h e  q u i n o n e  i m i d e  k e t a l  1 2 .  T h i s  m e c h a n i s m  

r a t i o n a l i z e s  w hy i t  i s  n e c e s s a r y  t o  h a v e  t h e  b a s e  l i k e  so d iu m  b i c a r 

b o n a t e  s u s p e n d e d  t h r o u g h o u t  t h e  s o l u t i o n .  E x p e r i m e n t a l l y  i t  wa s  

o b s e r v e d  t h a t  low e l e c t r o l y s i s  c u r r e n t  a nd  a l a r g e  a n o d e  s u r f a c e  f a v o r s  

f o r m a t i o n  o f  t h e  qu in o n e  i m i d e  k e t a l  v s .  t h e  1 , 4 - a d d i t i o n  pr od uc t .

T h e  a n o d i c  o x i d a t i o n  a l s o  p r o c e e d e d  smoo th ly  f o r  p - a l k y l  s u b s t i 

t u t e d  a r o m a t i c  a m i d e s  ( e n t r y  9). For  example ,  a n o d ic  o x i d a t i o n  o f  l O f  

i n  a d i v i d e d  c e l l  i n  t h e  p r e s e n c e  o f  s o d i u m  b i c a r b o n a t e  gave q u i n o n e  

i m i d e  k e t a l  ty p e  p r o d u c t  18 (70% y i e l d ) .  I t s  s t r u c t u r e  was s u p p o r t e d

by  i t s  s t r o n g  a b s o r p t i o n  a t  1600  c m " 1  C=N bond  a s  w e l l  as  i t s  NMR 

13and C NMR s p e c t r a .  I f  t h e  same s u b s t r a t e  was a n o d i c a l l y  o x i d i z e d  i n  a 

s i n g l e  e l e c t r o l y s i s  c e l l ,  a low y i e l d  o f  18 was o b t a i n e d .

1 , 2 - A d d i t i o n  S t u d i e s  o f  Quinone  I m i d e  K e t a l s

Quinone  im id e  k e t a l s  a r e  v e r y  s y n t h e t i c a l l y  u s e f u l  i n t e r m e d i a t e s  i n  

f u n c t i o n i z i n g  p o s i t i o n s  on  t h e  o r i g i n a l  a r o m a t i c  a m i d e s  (or  a m i n e s ) .  

B e s i d e s  t h e  e l e c t r o c h e m i c a l  r o u t e  t o  q u i n o n e  imide ,  a  qu in on e  b i s k e t a l  

1 1  c a n  be c o n v e r t e d  t o  q u in on e  im id e  12 (70%) by a d d i n g  sodium h y d r i d e  

(one  e q u i v a l e n t ) .

S y n t h e t i c  A p p l i c a t i o n  S t u d i e s

O

NaH

( ° c h 3)2 ( o c h 3)2

11 12 (70%)
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Quinone  im id e  k e t a l  12 r e a c t e d  w i t h  p h e n y l l i t h i u m  o r  m e t h y l l i t h i u m  

a t  -70  °C t o  g i v e  good y i e l d s  o f  2 3 a  (83%) o r  2 3 b  ( 8 6 %) a s  l i g h t  y e l l o w

N ^Ph Hj?

a  -  tr
( o c h 3) 2 (° c  h 3) 2

12a, R = Ph 23a (83%)

b, R = CH b (86%)

“i t  p
R ^ N  Ph 7 ._

Zn/Cu

Ph +
h 3o

HOAc 
)H

2'*a (88%) 25a (65%)
b (88%) b (72%)

s o l i d s .  The s t r u c t u r e s  o f  2 3  a , b  w e r e  s u p p o r t e d  b y  s p e c t r o s c o p i c  

d a t a .  The  IR a b s o r p t i o n  a t  3390  ( 2 3 a ) ,  3330  ( 2 3 b )  c m ’ ^ a r e  a s s i g n e d  t o  

t h e  N-H s t r e t c h ,  and  t h e  NMR s p e c t r a  show ed  a r o m a t i c  h y d r o g e n s  a t  S 

7 . 6 - 7 . 2  ( 2 3 a )  o r  a  m e t h y l  p e a k  a t  5 1 .65 ( 2 3 b ) .  T h e s e  c o m p o u n d s  a r e  

r e a d i l y  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  d i e n o n e s  and t h u s  a r e  d i f f i c u l t  

to  s t o r e  a t  room t e m p e r a t u r e .  T h i s  i s  n o t  a p r o b l e m  s i n c e  t h e  d ie non es  

a r e  t h e  d e s i r e d  f i n a l  p r o d u c t s .  The c rude  2 3 a , b  were h y d r o l y z e d  i n  m i l d  

a c i d i c  c o n d i t i o n s  t o  p r o d u c e  2 4 a , b  i n  8 8 % y i e l d .  The s t r u c t u r e  o f  t h e  

compounds were s u p p o r t e d  by s p e c t r o s c o p i c  d a t a :  s t r o n g  IR a b s o r p t i o n s

a t  1690,  1640 cm"'*' ( 2 4 a )  and 1660,  1615 cm'*" ( 2 4 b )  a s s i g n e d  f o r  c o n j u 

g a t e d  c a r b o n y l  l i n k a g e .  The NMR s p e c t r a  a l s o  s h o w e d  d i e n o n e  AB
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q u a r t e t s  a t  S  7 .16,  6 .28  ( 2 4 a )  o r  6 . 9 5 ,  6 .30  ( 2 4 b ) .  F u r t h e r m o r e ,  2 4 a  

an d  24 b  c a n  b e  r educ ed  t o  g - s u b s t i t u t e d  p h e n o l s  2 5 a , b  v i a  z i n c / c o p p e r  

c o u p l e  i n  a c e t i c  ac id .  Bo th  2 5 a , b  a r e  known compounds.

Quinone  i m i d e  k e t a l  12 can  a l s o  be  r e a c t e d  w i t h  p o t a s s i u m  c y a n i d e  

i n  t h e  p r e s e n c e  o f  c r o w n  e t h e r  t o  g i v e  a d d u c t  26 i n  8 8 % y i e l d .  The

s t r u c t u r e  o f  26 was s u p p o r t e d  by s p e c t r o s c o p i c  d a t a .  The IR s p e c t r u n m o f

e a t i n g  i n c o r p o r a t i o n  o f  t h e  c y a n i d e  g r o u p .  The NMR s i g n a l  a t  S 1 1 6 .4  

was  a s s i g n e d  t o  t h e  c y a n i d e  group.

O t h e r  q u i n o n e  i m i d e  k e t a l s  a l s o  r e a c t e d  w i t h  o r g a n o l i t h i u m  c o m 

p o u n d s  v i a  1 , 2  - a d d i t i o n .  F o r  e x a m p l e ,  q u i n o n e  i m i d e  k e t a l s  1 5 , 1 7  

r e a c t e d  w i t h  p h e n y l l i t h i u m  a t  -70  °C p r o d u c e d  u n s t a b l e  1 , 2 - a d d u c t s  

2 7 a , b  W i th o u t  f u r t h e r  p u r i f i c a t i o n ,  t h e  c r u d e  a d d u c t s  w ere  t r e a t e d  w i t h

0 n

crown eth er
(o c h 3) 2 (o c h 3)2 

26 (88%)12

26 s h o w e d  a n  a b s o r p t i o n  a t  2235 c m " ^ ,  a n d  a s i g n a l  a t  S 1 16 .4 ,  i n d i -

O

R

(OCH,) (OCH3)2

15, R = CH3 27a, R = CH3 28a, R = CH3 (80%)

17, R = O-fc-Bu b ,  R = O-fc-Bu b , R = O-fc-Bu (70%)
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a c i d  t o  g i v e  d i e n o n e  2 8 a  ( 8 8 %) a n d  2 8 b  (78%). The s t r u c t u r e  o f  t h e  

c o m p o u n d s  w e r e  s u p p o r t e d  b y  s p e c t r o s c o p i c  d a t a .  The s t r o n g  IR

a s s i g n e d  to  t h e  c o n j u g a t e d  c a r b o n y l  l i n k a g e .  The AB p a t t e r n s  a t  6 6.94,

group)  s u p p o r t e d  t h e  s t r u c t u r e  a s s i g n m e n t .

F u r t h e r m o r e ,  t h e  d i e n o n e s  2 8 a , b  can  be m e t h y l a t e d  by  r e a c t i o n  w i t h  

one e q u i v a l e n t  o f  sodium h y d r i d e  and  m e t h y l i o d i d e  t o  p rodu ce  2 9a  (71%) 

a nd  29b (70%). The s t r u c t u r e  a s s i g n m e n t  i s  s u p p o r t e d  by t h e  ap pe a ra nce  

o f  a  m e t h y l  g r o u p  r e s o n a n c e  p e a k  a t  8 2 .9 8  ( 2 9 a )  a n d  8 2 .93 (29b) i n  

t h e  1H NMR.

29a, R = CH3 (71%) 

b ,  R = 0 - £ - B u  (70%)

H y d r o g e n a t i o n  o f  2 8 a  w i t h  p a l l a d i u m  on c a r b o n  as  c a t a l y s t  gave 30 

(90% y i e l d ) .  The  s t r u c t u r e  o f  30  c a n  be  e a s i l y  i d e n t i f i e d  by IR

a b s o r p t i o n  a t  16 6 0 ,  1630 c m ' ^  ( 2 8 a )  a n d  1 6 7 0 ,  1630 c m ’ ^ (28b)  w e r e

6 .07  ( 2 8 a )  a n d  a t  8 7 .0 ,  6 .29  ( 2 8 b )  i n  t h e  NMR s p e c t r a ,  and  t h e  

s i g n a l  a t  5 185 .3  ( 2 8 a )  i n  t h e  C NMR s p e c t r u m  ( c o n j u g a t e d  c a r b o n y l

1 equiv

CH3I o

a b s o r p t i o n  a t  17 2 0  c in '^  a s s i g n e d  a s  a s i m p l e  k e t o n e  i n s t e a d  o f  a

28a
H ,/P d /C

O

30 (90%)
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d ie n o n e  c a r b o n y l  group .  D e b lo c k in g  o f  29b by d r y  h y d r o c h l o r i c  a c i d  i n  

a b s o l u t e  e t h e r  p ro d u c e d  a n  ammonium s a l t  31 (40%).

29b
d ry  HCI

*

H,c
NH

HCI

O

31 (401)

F i n a l l y ,  1 , 2 - a d d i t i o n  o f  p h e n y l l i t h i u m  a nd  m e t h y l l i t h i u m  t o  18 i n  

-70 °C g a v e  a  m o d e r a t e  y i e l d  o f  3 2 a  (79% c i s + t r a n s  i s o m e r s )  a n d  32b

—  "d”
h 3cc> c h 3

32a, R = Ph (79%) 
b , R = CH3 (89%)

(89% c i s + t r a n s  i s o m e r s ) .  As o b s e r v e d  i n  t h e  NMR s p e c t r u m ,  t h e  

p h e n y l l i t h i u m  a d d u c t  3 2 a  was a  3:1 m i x t u r e  o f  c i s - t r a n s  i s o m e r s ,  and 

t h e  m e t h y l l i t h i u m  a d d u c t  32b  gave a  1:1 m i x t u r e  o f  c i s - t r a n s  i s o m e r s  

by  i n t e g r a t i o n  o f  methoxy p e a k s  a t  S  3.20, 3.07.

1,4-Addition Studies of Quinone Imide Ketals
Quinone i m i d e  k e t a l s  u n d e r w e n t  n o t  o n ly  1 , 2 - a d d i t i o n  b u t  a l s o  1 ,4 -  

a d d i t i o n  w i t h  c e r t a i n  n e u c l e o p h i l e s .  I n  g e n e r a l ,  h a r d  n u c l e o p h i l e s  su ch
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O

C H (C 02CH3)2

(o c h 3) 2

33

+

&OCH
CH (CO ,CH ,)

<3
(o c h 3)2

12 34 (91%)

as  o r g a n o l i t h i u m  r e a g e n t s  ad d e d  i n  1,2 f a s h i o n .  S o f t  n u c l e o p h i l e s  such  

as m a l o n a t e  a n i o n  added i n  1 ,4  f a s h i o n .

T h u s ,  1 , 4 - a d d i t i o n  o f  d i m e t h y l  m a l o n a t e  a n i o n  t o  q u i n o n e  i m i d e  

k e t a l  12 g a v e  i n t e r m e d i a t e  33  w h i c h  c o u l d  b e  a r o m a t i z e d  t o  34 w i t h  a 

t r a c e  o f  a c i d .  T h i s  c o m p r i s e s  a  m e t h o d  f o r  f u n c t i o n a l i z a t i o n  o f  t h i s  

p o s i t i o n  o f  t h e  s t a r t i n g  m a t e r i a l .  The s t r u c t u r e  o f  t h e  m e t a - s u b s t i -  

t u t e d  a r o m a t i c  a m i d e  was  s u p p o r t e d  b y  s p e c t r o s c o p i c  d a t a :  s t r o n g  IR 

a b s o r p t i o n  a t  1760,  1740 cm"^ a s s i g n e d  t o  t h e  e s t e r  g r o u p s  and NMR

s i n g l e t  a t  6 3 .7 5  a n d  3.72 a s s i g n e d  a s  a r o m a t i c  m e t h o x y l  p r o t o n s  a n d  

d i m e t h y l  e s t e r  p r o t o n s .

H3
18

3

CH (CO^CHQ
o c h 3

35 (75%)

J

36 (91%)

H(CO,CH_)
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Imide  18 a l s o  r e a c t e d  i n  a  1,4 f a s h i o n  w i t h  d i m e t h y l  m a l o n a t e  a n i o n  

t o  p r o d u c e  3 5  ( 1 : 1  c i s - t r a n s  i s o m e r s )  i n  75% y i e l d .  A f t e r  a c i d  t r e a t 

m e n t  o f  i n t e r m e d i a t e  35, a m - s u b s t i t u t e d  a r o m a t i c  a m i d e  36 was fo rm ed 

i n  91% y i e l d .  The s t r u c t u r e  o f  36 was s u p p o r t e d  by s p e c t r o s c o p i c  d a ta .  

M o st  i n f o r m a t i v e  w e r e  t h e  s t r o n g  IR a b s o r p t i o n  pe aks  a t  1750, 1745 cm"'*' 

a n d  t h e  t h r e e  p r o t o n  s i n g l e t s  a t  S 2 .2 8  a n d  a t  S 3 .7 3  i n  t h e  *"H NMR 

sp e c t r u m .

A l l  a t t e m p t s  t o  f u n c t i o n a l i z e  t h e  p o s i t i o n  o r t h o  t o  t h e  o r i g i n a l  

a m i d e  group b y  u s i n g  d i e n o n e  d e r i v a t i v e s  such  as  1 3 , 1 6 , 1 9  w ere  u n s u c 

c e s s f u l .  F o r  e x a m p l e ,  d i e n o n e  13 r e a c t e d  w i t h  o n e  e q u i v a l e n t  o f  

d i m e t h y l  m a l o n a t e  a n i o n  t o  g i v e  a  d e c o m p o s e d  p o l y m e r - l i k e  b l a c k

H-O

O

c h ( c o 2c h 3) 2
1N Ph

*

decom posed
?  7

13 37

p r o d u c t .  I t  i s  b e l i e v e d  t h a t  t h e  m a l o n a t e  a n i o n  e l i m i n a t e d  a  m o l e c u l e  

o f  m e th a n o l  t o  p r o d u c e  i n t e r m e d i a t e  37 w h i c h  was s u b j e c t  t o  d e c o m p o s i 

t i o n .

Dienone 19  a l s o  r e a c t e d  w i t h  d i m e t h y l  m al ona te  a n i o n  t o  g i v e  1,4-  

a d d u c t  38 ( c i s - t r a n s  i s o m e r s )  i n  70% y i e l d .  The s t r u c t u r e  o f  38  was 

s u p p o r t e d  by i t s  e a s t e r  c a r b o n y l  a b s o r p t i o n  i n  t h e  IR s p e c t r u m  a t  1690, 

1 6 4 0  cm’ * a n d  t h e  a p p e a r a n c e  o f  tw o  v i n y l  p r o t o n s  a t  6  7 . 2 0 ,  6 .0 7  i n  

t h e  NMR s p e c t r u m .  A r o m a t i z a t i o n  o f  3 8  w i t h  p - t o l u e n e s u l f o n i c  a c i d  

ga v e  a m i x t u r e  o f  compounds 39  and  40.
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19

h  ",c h ( c o 2c h 3) 2
H3CSH,CQ "N Ph

H (C 02CH3)2

38 (70%)

TsOH
OCH

39

THF
6 h 

40

An i n t e r e s t i n g  r e a c t i o n  was  o b s e r v e d  i n  t h e  r e a c t i o n  o f  d i m e t h y l  

m a l o n a t e  a n i o n  w i t h  2 4 b  compound 41  was o b t a i n e d  i n  71% y i e l d .  T h is

CH (CO?CH^)7
H “Ph

O
24b

Ph

CH

41 (71%)

H

42

h 3c
■ A

£ o c h 3
V O C H ,  
0  3

43

i n t e r e s t i n g  r e s u l t  c a n  be  r a t i o n a l i z e d  by t h e  1,4-. a d d i t i o n  o f  d i m e t h y l  

m a l o n a t e  a n i o n  t o  p r o d u c e  i n t e r m e d i a t e  42.  E q u l i b r a t i o n  o f  42  to  form
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43 f o l l o w e d  by r i n g  f o r m a t i o n  g i v e s  t h e  f i n a l  p r o d u c t  41. The s t r u c t u r e  

o f  4 1  was s u p p o r t e d  by  t h e  NMR s p e c t r u m  w h ic h  showed o n l y  one m e th -  

o x y  p e a k  a t  S 3 .8 0  a n d  i n  t h e  C NMR s p e c t r u m  w h i c h  s h o w e d  o n l y  o n e  

me th oxy peak  a t  S 52.8.

Conclusion
Anodic  o x i d a t i o n  o f  a r o m a t i c  amide s  l e a d s  t o  1 , 4 - a d d i t i o n  p r o d u c t s  

o r  q u i n o n e  i m i d e  k e t a l s .  T h e s e  now r e a d i l y  a v a i l a b l e  i n t e r m e d i a t e s  

o f f e r  i n t e r e s t i n g  s y n t h e t i c  p o s s i b i l i t i e s  w h i c h  ha ve  b e e n  o n ly  b r i e f l y  

e x p l o r e d  i n  t h i s  d i s s e r t a t i o n .



EXPERIMENTAL

I
(.OCHa^

Anodic O x i d a t i o n  o f  10a

A m a g n e t i c a l l y  s t i r r e d  s o l t u i o n  o f  

1 0 a  ( 3 0 0  mg,  1 . 3 2  m m o l )  i n  2%

LiClO^/CHgOH s o l u t i o n  (120 mL) was e l e c -  

t r o l y z e d  (3 V, 0 .1 A) a t  0 °C f o r  60 m in  

(71% c u r r e n t  e f f i c i e n c y ) .  The r e s u l t i n g  

s o l u t i o n  was  c o n c e n t r a t e d  i n  v a c u o ,  

e x t r a c t e d  w i t h  CH2 C I 2  (3 x  40 m L ) /H 2 0  (40 mL) , a n d  w a s h e d  w i t h  b r i n e  

(40 m L ) . D r y i n g  (Na 2 S 0 ^) a nd  c o n c e n t r a t i o n  i n  v a c u o  g a v e  a  w h i t e  

s o l i d .  R e c r y s t a l l i z a t i o n  (PE/CH 2 C12 ) ga ve  1 1 ( 8 0 % )  i n  two c r o p s  (272 

mg a n d  26 mg): mp 1 1 3 - 1 1 4  °C; IR ( K B r , c m ' 1 ) 3 2 9 0 ,  1650 ,  1 5 3 0 ,  11 10 ,

1080,  1 0 4 5 ,  960;  1H NMR (CDCI 3 ) 6 7 -8 ' 7 -65 (m, 2 H ) , 7 . 5 - 7 . 2 5  (m, 3 H), 

6 . 5 5 - 6 . 8  ( b r  s ,  1 H ) , 6 .24  ( s ,  4 H ) , 3 .3 7  ( s ,  3 H),  3 .3 4  ( s ,  3 H ) , 3 .22  

(s,  3H); mass  s p e c t r u m ,  o n ly  M-CH3  (15) peak p r e s e n t .

Anodic O x i d a t i o n  o f  10a i n  t h e  P r e s e n c e  o f  NaHCO^

A m a g n e t i c a l l y  s t i r r e d  m i x t u r e  o f  

1 0 a  (1 g ,  4 .6 5  mmol)  a n d  f i n e l y  g r o u n d  

NaHC03  (2 g) in  2% LiClO^/CHjOH (120 mL) 

was e l e c t r o l y z e d  a t  0 °C 250 (3.8 V, 0.3
<OCH3)2

250
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A) f o r  1.5 h (60% c u r r e n t  e f f i c i e n c y ) .  The  r e s u l t i n g  m i x t u r e  was  

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 50 mL) /H 2 0  (50 mL), 

a n d  w a s h e d  w i t h  b r i n e  (50 mL). D r y i n g  (Na 2 S0 ^)  a nd  c o n c e n t r a t i o n  i n  

vac uo  t o  gave a r e d  o i l .  F l a s h  co lumn c h r o m a t o g r a p h y  (20:1 C l ^ C ^ / a c e -  

t o n e )  g a v e  12 ( 1 . 1 0  g ,  92%): IR  ( f i l m ,  c m " 1 ) 1680 ,  1 6 6 5 ,  16 05 ,  12 50 ,

11 1 0 ,  1075 ,  1060 ,  1 0 4 0 ,  10 05 ,  7 1 0 ;  1H NMR (CDCI 3 ) S 8 . 0 - 7 . 8  (m, 2 H ) ,

7 . 6 - 7 . 2 6  (m, 3 H), 6 .5 3  (AB q,  J Afi = 11 Hz, 2 H ) , 6 .44  (AB q ,  J Ag = 11 

Hz, 2 H), 3.32 ( s ,  6  H); 13C NMR (CDCI 3 ) S 1 7 9 . 0 , .  15 4 .6 ,  139 . 0  (2 C),

1 3 2 . 8 ,  1 32 . 2 ,  12 8 .6  (2 C ) , 1 2 8 . 0  (2 C), 1 2 5 .6  (2 C), 9 2 .1 ,  49 .1  (2 C); 

m a s s  s p e c t r u m  h a d  no m o l e c u l a r  i o n ,  o n l y  M- 105  ( c - p h ^  was  o b s e r v e d .  

The q u in on e  im id e  k e t a l  i s  n o t  s t a b l e  a t  room t e m p e r a t u r e  and decom

p o s e d  s l o w l y  t o  a p o l y m e r i c  m a t e r i a l .

P r e p a r a t i o n  o f  12 f ro m  11

To a m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  

o f  11  (187  mg, 0 .65  mmol)  i n  THF (2 0  mL) 

a t  room t e m p e r a t u r e  u n d e r  n i t r o g e n  was 

a d d e d  NaH (31.2 mg, 60% o i l  d i s p e r s i o n ,

1.2 e q u v ) .  A f t e r  s t i r r i n g  f o r  2 h ,  t h e  

r e a c t i o n  was quenched  by th e  a d d i t i o n  o f  tOCHg^

NaHC0 3  (2 mL), a n d  t h e  m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  

w i t h  CH2 C I 2  (3 x 30 mL) /H 2 0  (30 mL), and  w a s h e d  w i t h  b r i n e  (30 mL). 

D r y i n g  (Na 2 S0 ^)  a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  a l i g h t  b r o w n  o i l .  

F l a s h  c o l u m n  c h r o m a t o g r a p h y  (CH2 C I 2 ) g a v e  12 (140  mg, 8 6 %) a s  a l i g h t  

y e l l o w  o i l  (decomposed s l o w l y  t o  a  p o l y m e r i c  m a t e r i a l .
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Anodic Oxidation of 10b
A m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  

1 0 b  (1 g, 4.69 mmo l)  i n  2% L i C 1 0 4 /C H 3 0H jj

(1 2 0  mL) was  e l e c t r o l y z e d  a t  0 °C (3 .4  ^ ' sPh

V, 0 .2  A) f o r  a b o u t  2 h (63% c u r r e n t  

e f f i c i e n c y ) .  The r e s u l t i n g  s o l u t i o n  was 

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h

EtOAc (3 x 50 m L) /H 2 0  (80 mL), a n d  w a s h e d  w i t h  b r i n e  (40 mL). D r y i n g  

(Na 2 S 0 4 ) and  c o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  a l i g h t  b r o w n  s o l i d .  

R e c r y s t a l l i z a t i o n  ( C l^ C ^ /E tO A c )  gave 13 a s  a  l i g h t  b r ow n  s o l i d  (0.91 

g,  80%); mp 1 1 9 - 1 2 1 . 5  °C; IR ( K B r , c m ' 1) 3 3 5 0 ,  1690 ,  168 0  ( s h ) ,  1665 ,  

1 6 4 0 ,  15 2 0 ,  1055 ,  7 1 0 ;  1H NMR (CDCI 3 ) S 8 . 0 - 7 . 3  (m, 5 H),  6 .83  (AB q, 

J AB -  10 Hz, 2 H),  6 .6 0  ( b r  s ,  1 H ) , 6 .42  (AB q,  J AB = 10 Hz, 2 H ) , 

3 .28  ( s ,  3 H); 1 3 C NMR (CDCI 3 ) S 18 4 .9 ,  1 6 6 . 2 ,  14 4 . 5  (2 C), 13 0 .7 ,

12 8 .5  (2 C), 127 . 0  (2 C),  7 9 .9 ,  5 0 . 9 ;  m a ss  s p e c t r u m ,  e x a c t  m a s s  c a l c d  

f o r  C1 4 H1 3 N03  m / e  243.0895,  ob sd  m / e  243.0905.

Anodic O x i d a t i o n  o f  10c

A m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  

1 0c  (1.5 g, 9.1 mmol) i n  2% LiC10 4 /CH3 0H
OCH3

(150  mL) a t  0 °C w a s  e l e c t r o l y z e d  (3 .9 ^

V, 0 .1 5  A) f o r  4.9 h  (67% c u r r e n t  e f f i 

c i e n c y ) .  The r e s u l t i n g  s o l u t i o n  was  ( O C ^ ^

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h

CH2 C I 2  (3 x 40 m L) /H 2 0  (40 mL) , a n d  w a s h e d  w i t h  b r i n e  (4 0  mL). D r y i n g  

(Na 2 S 0 4 ) and  c o n c e n t r a t i o n  i n  v a c u o  gave  1 4  (1 . 8 4  g,  89%) a s  a v e r y
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l i g h t  y e l l o w  o i l .  The c rude  NMR sp e c t r u m  showed t h a t  t h e  m a t e r i a l  was 

p u r e  e n o u g h  f o r  t h e  n e x t  r e a c t i o n :  IR ( n e a t ,  c i ' ^ )  3 5 5 0 - 3 3 0 0  ( b r ) ,  

1 6 6 5  ( b r ) ,  1535 ( b r ) ,  1460 ,  1 4 0 5 ,  13 70 ,  1 2 7 0 ,  1100 ,  1 0 5 0 ,  1035  ( s h ) ,  

955 ;  LH NMR (CDCI 3 ) 8 6 .14  ( s ,  4 H ) , 6 . 1 - 5 . 8  ( b r  s ,  1 H ) , 3 .29 ( s ,  3 

H), 3 . 2 5  ( s ,  3 H),  3.12 ( s ,  3 H ) , 1.9 ( s ,  3 H); 1 3 C NMR (CDCI 3 ) 8

1 6 9 . 6 ,  130 .4 (2 C) ,  129.3 (2 C),  92 .1 ,  7 8 . 9 ,  4 9 . 9 ,  4 9 . 2  (2C),  2 3 .1 ;

m a s s  s p e c t r u m ,  e x a c t  m ass  c a l c d  f o r  C ^ H ^ y N O ^  m / e  2 2 7 . 1 0 1 2 ,  o b s d  m /e  

2 2 7 . 1 0 7 6 .

C H .

Anodic O x i d a t i o n  o f  10c  i n  t h e  P r e s e n c e  o f  N aH C ^

A m a g n e t i c a l l y  s t i r r e d  m i x t u r e  o f

1 0 c  ( 0 . 3 4  g,  2 .0 6  mmol)  a n d  s u s p e n d e d

NaHC0 3  p o w d e r  (1  g)  i n  2% LiClO^ /CH jOH

(1 mL) was e l e c t r o l y z e d  a t  0 °C (3.5 V,

0.2 A) f o r  a b o u t  1 h. The r e s u l t i n g
(OCH3I2

m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o ,

e x t r a c t e d  w i t h  CH2 C I 2  (3 x 30 m L J / i ^ O  (30  mL),  a n d  w a s h e d  w i t h  b r i n e  

(30 mL) .  D r y i n g  ( N a 2 S0 ^) a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  c r u d e  1 5 .  

F l a s h  c o l u m n  c h r o m a t o g r a p h y  ( 2 0 : 1  C i ^ C ^ / a c e t o n e )  g a v e  15  (0 .3 5 8  mg, 

89%) w i t h  a l i t t l e  decomposed i m p u r i t i e s :  IR ( f i l m ,  cm"'*') 1695, 1670,

16 05 ,  1 2 2 0 ,  1110 ,  1 0 8 0 ,  1060 ,  10 3 5 ,  955;  XH NMR (CDCI 3 ) 8 6 .54 (AB q, 

J AB -  1 1  Hz, 2 H),  6 .3 5  (AB q ,  J AB = 11 Hz, 2 H ) , 3 .33  ( s ,  6  H ) , 2 .23  

( s ,  3 H) ;  13C NMR (CDC13) 8 1 8 5 . 3 ,  15 1 .1 ,  1 3 8 .8  (2 C) , 125.7 (2 C),

92 .3.  4 9 . 4  (2 C), 2 4 . 8 ;  mass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  ClOH1 3 N03 

m/ e  195 .0895,  ob sd  m /e  195.0907.
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OC

Anodic Oxidation of lOd

A m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  

1 0 d  (1 g, 6 .6 2  mmol)  i n  2% L i C 1 0 4 /C H 3 0H

(1 00  mL) w a s  e l e c t r o l y z e d  a t  0 °C (3 .3  ^ £ ^ 3

V, 0.2 A) f o r  2 .5  h ( c u r r e n t  e f f i c i e n c y  

70%). The r e s u l t i n g  s o l u t i o n  was  c o n 

c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  

CH2 C I 2  (3 x 40  mL)/H 2 0  (40  mL), a n d  w a s h e d  w i t h  b r i n e  (40 mL). D r y i n g  

(Na2 S04 ) and c o n c e n t r a t i o n  i n  vacuo  gave a l i g h t  b ro w n  s o l i d .  R e c r y s 

t a l l i z a t i o n  (CH2 C12 ) g a v e  16 ( 1 . 01  g,  85%): mp 1 4 3 - 1 4 5  °C; IR (K Br ,

c m * 1 ) 3 2 0 0 ,  1 6 7 5 ,  1650 ,  1 6 3 0 ,  15 4 5 ,  1 2 9 0 ,  1 0 7 0 ,  9 10 ;  XH NMR (CDCI 3 ) S 

6 .7 9  (AB q ,  J AB -  10 Hz, 2 H ) , 6 .34  (AB q ,  J Afi = 10 Hz, 2 H), 6 . 3 - 5 . 9 5  

( b r  s ,  1 H), 3 .21  ( s ,  3 H ) , 1 .9 6  ( s ,  3 H); m a s s  s p e c t r u m ,  e x a c t  m ass  

c a l c d  f o r  CgH1 1 N03  m/e 181.0739,  obsd  m/e  181.0725.

0 C (C H 3 )3

A no d ic  O x i d a t i o n  o f  lOe

A m a g n e t i c a l l y  s t i r r e d  m i x t u r e  o f  

l O e  (1.1 g, 4.93 mmol) and NaHC03  powder  

(2 g) i n  2% L i C l 0 4 /CH 3 0H w a s  e l e c t r o 

l y z e d  a t  0 °C (3 .8  V, 0 .2  A) f o r  2 h 

( 6 6 % c u r r e n t  e f f i c i e n c y ) .  The r e s u l t i n g  

s o l u t i o n  w a s  c o n c e n t r a t e d  i n  v a c u o ,  

e x t r a c t e d  w i t h  CH2 C1 2  (3 x 50 mL)/H20 (5 0  mL), a n d  w a s h e d  w i t h  b r i n e  

(40 mL). D r y i n g  (Na2 S04) and  c o n c e n t r a t i o n  i n  v a cuo  gave 17 as  a v e r y  

l i g h t  y e l l o w  o i l  which was u s e d  i n  t h e  n e x t  s t e p  w i t h o u t  f u r t h e r  p u r i 

f i c a t i o n :  IR ( n e a t ,  c m " 1 ) 1 7 2 0 ,  1 6 0 5 ,  1 3 7 0 ,  1 2 7 0 ,  1 2 5 0 ,  11 6 0 ,  1110 ,



255

960 ;  1H NMR (CDCI 3 ) S 6 .47  (AB q, J AB -  11 Hz, 2 H ) , 6.37 (AB q ,  J AB -  

11 Hz, 2 H),  3.28 ( s ,  3 H ) , 1 .50 ( s ,  9 H); 1 3 C NMR (CDC13 ) S  160 .8,

1 5 5 .9 ,  13 8 .9  (4 C) , 9 2 .5 ,  8 2 . 2 ,  49 .6  (2 C),  27 .5  (3 C); m a s s  s p e c t r u m ,  

e x a c t  mass c a l c d  f o r  C-^H^gNO^ m/e 253.1108,  o b s d  m/e 253.1256.

Anodi c  O x i d a t i o n  o f  l O f

A m a g n e t i c a l l y  s t i r r e d  m i x t u r e  o f  

l O f  (0 .5  g ,  2 .3 7  mmol) a n d  NaHC0 3  (2 g) 

i n  2% H C l O ^ / C H j O H  (80 mL) i n  a d i v i d e d  

e l e c t r o l y s i s  c e l l  was e l e c t r o l y z e d  a t

0 °C ( 1 1  V, 0 . 1 2  A) f o r  1 .8  h (59%

c u r r e n t  e f f i c i e n c y ) .  The  r e s u l t i n g  

s o l u t i o n  w a s  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 30 

mL ) /H 2 0  (30  m L ) , and  w a s h e d  w i t h  b r i n e  (30 mL). D r y i n g  (Na 2 SO^) and 

c o n c e n t r a t i o n  i n  vacuo gave a  brown o i l .  F l a s h  co lumn ch r o m a to g r a p h y  

(CH2 C I 2 ) g a v e  18 (440 mg, 75%) w i t h  a t r a c e  o f  i n s e p a r a b l e  i m p u r i t i e s  

w h i c h  c o u l d  n o t  be s e e n  b y  NMR s p e c t r o s c o p y :  IR ( n e a t ,  cm''*") 1650

( b r ) ,  1 6 0 0 ,  1 5 8 0 ,  1245,  1 0 9 0 ,  1060 ,  710;  1H NMR (CDCI 3 ) 6 8 . 0 7 . 8  (m, 2 

H),  7 . 6 - 7 . 3  (m, 3 H ) , 6 .43  ( s ,  4 H ) , 3 .1 3  ( s ,  3 H ) , 1.37 ( s ,  3 H); 13C

NMR (CDC13 , MHz) 6 1 8 0 . 1 ,  1 65 . 7 ,  1 4 7 . 1  (2 C ) , 13 3 . 2 ,  12 9.3 (2 C) ,

12 8 .5  (2 C),  1 2 7 . 0 ,  126 .5 (2 C),  72 .1 ,  5 2 . 8 ,  2 6 . 6 ;  m a s s  s p e c t r u m ,  e x a c t  

mass  c a l c d  f o r  C^ 5 H^5 N0 2  m/e 251.1103, ob sd  m/e 241.1060.

A no d ic  O x i d a t i o n  o f  lOg

A m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  l O g  ( 0 . 7 1  g ,  3.13 m m o l)  i n  2% 

L i C l O ^ / C ^ O H  (1 0  mL) was  e l e c t r o l y z e d  a t  0 °C ( 3 .4  V, 0.1 A) f o r  2 .5  h



256

(70% c u r r e n t  e f f i c i e n c y ) .  The r e s u l t i n g  

s o l u t i o n  w a s  c o n c e n t r a t e d  i n  v a c u o ,  

e x t r a c t e d  w i t h  CH2 C I 2  (3 x  40  mLJ/ l^O  

( 4 0  mL) , a n d  w a s h e d  w i t h  b r i n e  (40 mL).

D r y i n g  (Na 2 S 0 ^)  a n d  c o n c e n t r a t i o n  i n  

v a c u o  gave a l i g h t  b rown s o l i d .  R e c r y s 

t a l l i z a t i o n  (CH2 C I 2 /PE) gave 19 (0.67 g,

80%) a s  a l i g h t  b ro w n  s o l i d :  mp 178-180 °C; IR (KBr, cm"1) 1690, 1670,

1 6 4 5 ,  1385 ,  1 3 7 0 ,  1210 ,  1 0 8 0 ,  1040 ,  10 2 0 ,  9 6 0 ;  1H NMR (CDCI 3 ) 8 7 .39 

( s ,  5 H), 6 .7 4  (AB q, J AB -  10 Hz, 2 H ) , 6 . 3 2  (AB q,  J AB = 10 Hz, 2

H) , 3 . 2 5  ( s ,  3 H),  3 .01  ( s ,  3 H); 1 3 C NMR (CDCI 3 ) 5 1 8 4 . 6 ,  1 7 1 . 5 ,  143.1

(2 C) ,  1 35 . 7 ,  1 3 0 . 0 ,  128.8 (2 C ) , 127.8 (2 C) ,  126 .9  (2 C ) , 8 2 . 2 ,  50 . 3 ,

32.7;  mass s p e c t r u m ,  e x a c t  mass c a l c d  f o r  C2 5 H-L5 NO3  m/e 257.1052,  obsd

m / e  257.1072.

Preparation of 23a from 12
To a -70 °C s o l u t i o n  o f  12 (750 mg,

2 . 9  mmo l)  i n  THF (3 0  mL) u n d e r  n i t r o g e n  

w a s  a d d e d  1 .7  M P h L i  ( 1 . 8 6  mL, 1 .1 

e q u i v ) .  The r e s u l t i n g  s o l u t i o n  was 

s t i r r e d  a t  f o r  2 h -70  °C a n d  t h e n  f o r  

20 m in  a t  room t e m p e r a t u r e .  The r e a c t i o n  

w a s  q u e n c h e d  by  t h e  a d d i t i o n  o f  H2 O (2 mL),  a n d  t h e  m i x t u r e  was 

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 40 m L J / ^ O  (40 mL) , 

a n d  w a s h e d  w i t h  b r i n e  (40 mL). D r y i n g  (Na 2 S 0 A) and  c o n c e n t r a t i o n  i n  

v a c u o  ga vq  a l i g h t  b r o w n  s o l i d  (82 mg, 92%). A c r u d e  NMR s p e c t r u m

Ph

(OCH3I2
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s h o w e d  p r o d u c t  t o  b e  p u r e  e n o u g h  f o r  t h e  n e x t  r e a c t i o n .  The l i g h t  

b r o w n  s o l i d  was  r e c r y s t a l l i z e d  (CH2 C I 2 ) t o  g i v e  2 3 a  ( 8 0 5  mg, 83%) i n  

t w o  c r o p s  (71 0  mg a n d  95 mg):  mp 1 5 1 - 1 5 4  °C; IR (KBr ,  cm"'1') 33 9 0 ,

1 6 4 0 ,  15 3 5 ,  1 1 1 0 ,  10 7 5 ,  930 ,  795;  1H NMR (CDCI 3 ) S 7 . 9 - 7 . 6  (m, 2 H ) ,

7 . 6 - 7 . 2  (m, 8  H ) , 6 .52  (AB q,  J AB -  10 Hz, 2 H ) , 6 . 4 7  ( h r  s ,  b u r i e d  

i n s i d e  AB q ) ,  6 .08  (AB q,  J Afi -  10 Hz,  2 H ) , 3 .36  ( s ,  3 H), 3.31 ( s ,  3 

H); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  c 2 1 ^ 2 1 ^ ° 3  c o u l d  n o t  be  

o b s e r v e d ;  o n ly  M-CH3  was ob se rv ed .

P r e p a r a t i o n  o f  23b f rom 12

To a -70 °C s o l u t i o n  o f  12 (205 mg,

0.80 mmol) i n  THF (40 mL) un d e r  n i t r o g e n  

w as  a d d e d  1.4 M CH-jLi (0 .63  mL, 1.1 

e q u i v ) .  A f t e r  s t i r r i n g  a t  - 7 0  °C f o r  1 

h  and  a t  room t e m p e r a t u r e  f o r  5 min ,  t h e  (OCHj^

r e a c t i o n  m i x t u r e  was worked  up by  a d d i n g

s a t u r a t e d  NaHCO^ (5 mL), c o n c e n t r a t i n g  i n  vacuo ,  e x t r a c t i n g  w i t h  CH2 CI 2  

(3 x 30 mL) /H 2 0  (30  mL), a n d  w a s h i n g  w i t h  b r i n e  (30  mL). D r y i n g  

(Na2 S0 A) and c o n c e n t r a t i o n  i n  vacuo  gave  a l i g h t  b row n s o l i d  (185.9 mg, 

8 6 %). R e c r y s t a l l i z a t i o n  (CH2 C I 2 / P E )  g a v e  23b (168 mg, 77%) a s  w h i t e  

c r y s t a l s :  mp 8 9 - 9 0 . 5  °C; IR (KBr,  c m ' 1) 3300 ,  16 50 ,  1 5 4 0 ,  1410 ,  1315 ,

1 1 0 5 ,  1 0 4 0 ,  950;  1H NMR (CDCI 3 ) S 7 . 8 - 7 . 5  (m, 2 H ) , 7 . 5 - 7 . 2 4  (m, 3 H ) , 

6 .3 7  (AB q,  J Afi -  10 Hz, 2 H ) , 5 .9 4  (AB q,  J AR = 10 Hz, 2 H), 3.35 ( s ,  

3 H), 3 .3 1  ( s ,  3 H ) , 1 .65 ( s ,  3 H); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

C16H19N03 5 ^  173.1341,  obsd m / e  273.1352.
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Preparation of 24a from 23a

A m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  

23a (180 mg, 0 .54  mmol), s a t u r a t e d  NH^Cl 

( 1 0  mL) , a n d  THF (20  mL) w a s  s t i r r e d  a t  

r o o m  t e m p e r a t u r e  o v e r n i g h t .  The  

r e s u l t i n g  s o l u t i o n  was  c o n c e n t r a t e d  i n  

v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 30 

m L ) / H 2 0  (30 mL), a n d  w a s h e d  w i t h  b r i n e  (3 0  mL). D r y i n g  (Na 2 S0 ^ )  a n d

c o n c e n t r a t i o n  i n  vacuo gave a l i g h t  b rown o i l .  F l a s h  co l um n c h r o m a t o g 

r a p h y  (CH2 CI 2 ) gave  24a (145 mg, 8 8 %) a s  a  w h i t e  s o l i d .  R e c r y s t a l l i z a 

t i o n  (CH2 CI 2 ) ga ve  24a (96 mg, 78%) om two c r o p s  (96 mg and  32 mg): mp

1 8 0 . 5 - 1 8 2  °C;  IR (KBr,  c m ' 1 ) 3 3 0 0 ,  1670 ,  1 6 4 0 ,  1580 ,  1 5 2 0 ,  1490 ,  1 3 0 5 ,  

1 2 2 5 ,  855 ,  700;  1 H NMR (CDCI 3 ) 6 7 . 8 5 - 7 . 6 5  (m, 2 H), 7 . 5 - 6 . 9 5  (m, 8  H ) , 

7 .1 6  (d ,  J  = 10  Hz, 2 H), 6 . 7 - 6 . 5 5  ( b r  s ,  1 H ) , 6 .28 ( d ,  J  = 10 Hz,  2 

H); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  C3 gH^ 3 N0 2  m / e  2 8 9 . 1 1 0 3 ,  o b s d  

m / e  289.1074.

Preparation of 24b from 23b
C h ro m ato gr aph y  o f  23b (172 mg, 0.63 

m m ol )  u s i n g  1 5 : 1  C f ^ C ^ / a c e t o n e  gave 

h y d r o l y z e d  p r o d u c t  24b ( 1 2 5 . 8  mg, 8 8 %) 

a s  a w h i t e  c r y s t a l :  mp 176.5-18U cC; IR

(KBr ,  c m " 1) 3 3 2 0 ,  1660 ,  16 1 5 ,  1600  ( s h ) ,

1530,  1490, 1390,  1305, 1290, 1190, 885,

71 0 ;  1H NMR (CDCI 3 ) 5 7 . 8 - 7 . 5  (m, 2 H ) , 7 . 5 - 7 . 2 4  (m, 3 H),  6 .95  (AB q,  

J AB -  10 Hz, 2 H) ,  6.4 ( b r  s ,  1 H ) , 6 .3 0  (AB q, J Afi = 10 Hz, 2 H ) ,
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1 .6 3  ( s ,  3 H); m ass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  m/e

227.0946,  o b s d  m/e 227.0960.

Preparation of 25a from 24a
To a  m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  

o f  2 4 a  ( 0 . 6 1  g ,  2 .11 m m o l)  a n d  Z n / C u  

p o w d e r  (2 .7  g ,  e x c e s s )  i n  THF (20 mL) 

was  a d d e d  HOAc (2 mL) a t  r oo m  t e m p e r a 

t u r e .  A f t e r  s t i r r i n g  f o r  2 h,  the  r e a c -
OH

t i o n  m i x t u r e  w a s  f i l t e r e d  t h r o u g h

C e l i t e ,  n e u t r a l i z e d  w i t h  s a t u r a t e d  NHCOg (50 mL), a n d  c o n c e n t r a t e d  i n  

v a c u o .  The  r e s u l t i n g  s o l u t i o n  was  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 40 mL) 

a n d  w a s h e d  w i t h  b r i n e  (40  mL). D r y i n g  (Na 2 S0 ^) a n d  c o n c e n t r a t i o n  i n

va cuo  gave  a  c o l o r l e s s  o i l / s o l i d .  F l a s h  co lumn c h r o m a t o g r a p h y  (CH2 CI 2 )

gave  p u r e  25a (233 mg, 65%) a s  a known compound,  mp 164-167 °C ( l i t .  mp 

165-167  °C, A l d r i c h  c a t a l o g ) .

Preparation of 25b from 24b
To a  m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  

o f  24b ( 0 .6 1  g ,  2.69 m m o l ) ,  THF (15 mL), 

a n d  Zn/Cu  (2 g,  e x c e s s )  w a s  a d d e d  HOAc 

(2 mL) a t  room t e m p e r a t u r e .  A f t e r  s t i r 

r i n g  f o r  2  h ,  t h e  r e s u l t i n g  m i x t u r e  was 

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  

CH2 C I 2  (3 x  40  mL)/H 2 0  (2 x 40  mL), n e u t r a l i z e d  w i t h  s a t u r a t e d  NaHCOj 

(40 ml) ,  and  washed  w i t h  b r i n e  (40 mL). Dry ing  (Na 2 SO^) and c o n c e n t r a 

OH
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t i o n  i n  v a c u o  g a v e  a c o l o r l e s s  o i l .  F l a s h  c o l u m n  c h r o m a t o g r a p h y  

(CH2 C I 2 ) g a v e  25b (0 .2 09  g ,  72%) a s  a  c o l o r l e s s  o i l  ( k n o w n  c o m p o u n d ,  

A l d r i c h  c a t a l o g ) .

Preparation of 26 from 12
A m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  

12 (0.72 g,  2 . 8 0  mmo l) ,  THF (20  mL) , KCN

c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h

CH2 C I 2  (3 x  4 0  mL)/H 2 0  (3 x  20 mL), a n d  w a s h e d  w i t h  b r i n e  (40 mL). 

D r y i n g  (Na 2 S0 A) a n d  c o n c e n t r a t i o n  i n  v a c u o  ga ve  a c o l o r l e s s  s o l i d .  

R e c r y s t a l l i z a t i o n  (CH2 C I 2 / P E )  ga ve  26 (0 .7 0 1  g,  8 8 %) a s  c o l o r l e s s  

c r y s t a l s :  mp 138-141 °C; IR (KBr, c m ' 1) 1655,  1510, 1480,  1110, 1070,  

1 0 4 0 ,  960 ,  7 1 0 ;  1H NMR (CDCI 3 ) S 7 . 8 - 7 . 5  (m, 2 H),  7 . 5 - 7 . 2  (m, 3 H ) ,

6 . 9  ( b r  s ,  1 H) ,  6 .49 (AB q ,  J Afi -  10 Hz,  2 H ) , 6 .1 9  (AB q, J AR -  10 

H z ,  2 H), 3 . 2 9  ( s ,  3 H ) , 3 .2 7  ( s ,  3 H); 1 3 C NMR (CDCI 3 ) S  16 7 .1 ,  1 3 2 . 4  

(2 C),  130 . 4  (2 C),  128.6  (2 C),  127.3 (2 C ) , 126.6  (2 C),  116 . 4 ,  9 2 . 1 ,  

5 0 . 0 ,  49 .7 ,  4 6 . 9 ;  mass  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  C1 6 H16N2°3  M+' 

15(CH3) was found .

Preparation of 28a from 15
To a - 7 0  °C s o l u t i o n  o f  15 (0 .621  g ,  3.18 mmol)  i n  THF (25 mL) 

u n d e r  n i t r o g e n  w a s  a d d e d  1 .7  M PhLi  ( 1 . 9 7  mL). The  r e a c t i o n  m i x t u r e  

w a s  s t i r r e d  a t  - 7 0  °C f o r  0 .5  h and  t h e n  a t  room t e m p e r a t u r e  f o r  10

n i t r o g e n .  The r e a c t i o n  m i x t u r e  was con-

w a s  a l l o w e d  t o  r e a c t  f o r  16 h u n d e r

( 1 . 7  g, e x c e s s ) ,  and  c r o w n  e t h e r  (1 g)

(OCH3>2
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m in .  The  r e a c t i o n  w a s  q u e n c h e d  w i t h  

s a t u r a t e d  NH^Cl (40 mL), a n d  t h e  m i x t u r e  

was  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  

w i t h  CH2 C I 2  (3 x  40 mL)/H2 0  (40 mL), and 

w a s h e d  w i t h  b r i n e  ( 4 0  mL) . D r y i n g  

(Na2 S0 ^)  a n d  c o n c e n t r a t i o n  i n  vacuo  gave 

c r u d e  2 7 a  a s  a  l i g h t  b r o w n  s o l i d  w h i c h  was  t h e n  d i s s o l v e d  i n  THF (50  

mL), a n d  5% HCl (5 mL) w a s  a d d e d .  A f t e r  s t i r r i n g  f o r  2 min ,  t h e  

r e a c t i o n  was  quenched by a d d i t i o n  o f  NaHCO-j (20 mL). The m i x t u r e  was 

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 50 mL) /H 2 0  (40 m L ) , 

a n d  w a s h e d  w i t h  b r i n e  ( 4 0  mL). D r y i n g  (Na 2 S0 ^) a n d  c o n c e n t r a t i o n  i n  

v a c u o  g a v e  a  b r o w n  s o l i d .  R e c r y s t a l l i z a t i o n  (CH2 C I 2 ) g a v e  28a  (0 . 5 7 6  

g,  80%) a s  a  l i g h t  y e l l o w  s o l i d :  mp 1 5 5 - 1 5 7  °C; IR (KBr , cm"'*') 3 2 9 5 ,

1670 ,  1 6 6 0 ,  1 6 3 0 ,  1 5 3 5 ,  1 3 7 0 ,  1300 ,  1 2 2 0 ,  12 30 ,  855;  1H NMR (CDCI 3 ) 6 

7.84 ( s ,  1 H) ,  7 .24  ( s ,  5 H ) , 6 .94  (AB q ,  J AB = 10 Hz, 2 H), 6.07 (AB 

q ,  J AB = 10  Hz,  2 H), 1 . 7 9  ( s ,  3 H); 1 3 C NMR (CDCI 3 ) S 1 8 5 .3 ,  1 7 0 . 2 ,

14 9 . 4  (2 C),  1 3 7 . 8 ,  12 8 . 7  (2 C ) , 1 2 7 .9 ,  1 2 6 .7  (2 C), 1 2 5 .1  (2 C), 5 7 . 9 ,  

22.8; mass  s p e c t r u m ,  e x a c t  mass c a l c d  f o r  C^^H^3 N0 2  m/e  227.0946, o b s d  

m/e  227 .0950.

CHi

P r e p a r a t i o n  o f  28b f rom 17 

To a m a g n e t i c a l l y  s t i r r e d  -70  °C 

s o l u t i o n  o f  17  (0 .7  g,  2 . 3 5  mmol)  i n  THF 

(30 mL) u n d e r  n i t r o g e n  w a s  a d d e d  1.7 M 

PhLi  ( 1 .5 2  mL, 1.1 e q u i v ) .  A f t e r  s t i r 

r i n g  f o r  1 h  a t  -70  °C a nd  f o r  20 min a t
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r o o m  t e m p e r a t u r e ,  t h e  r e a c t i o n  was  q u e n c h e d  b y  t h e  a d d i t i o n  o f  

s a t u r a t e d  NH^Cl (3 mL), a n d  t h e  m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o ,  

e x t r a c t e d  w i t h  CH2 C I 2  (3 x 40  m L J / ^ O  (40  mL), a n d  w a s h e d  w i t h  b r i n e  

(40 mL). Dry ing  (Na 2 S0 ^) and c o n c e n t r a t i o n  i n  vac uo  gave 2 7 b  (0.332 g, 

85%) a s  a l i g h t  y e l l o w  o i l  w h i c h  was  u s e d  i n  t h e  n e x t  s t e p  w i t h o u t  

f u r t h e r  p u r i f i c a t i o n :  IR ( c m ' 1 ) 1710  ( s ,  b r ) ,  1 4 9 0 ,  1 3 6 5 ,  1 2 5 0 ,  11 60 ,

1 1 0 0 ,  10 7 0 ,  1 0 3 5 ,  9 5 0 ;  XH NMR (CDCI 3 ) S 7 . 6 - 7 . 2  (m, 5 H), 6 .3 2  (AB q, 

J AB = 10 Hz, 2 H) ,  5.97 (AB q, J Afi = 10 H z , k  2 H), 5 .09  ( b r  s ,  1 H ) , 

3 .3 1  ( s ,  3 H), 3 .2 7  ( s ,  3 H ) , 1 .32 ( s ,  9 H); 1 3 C NMR (CDCI 3 ) 5 1 53 .9 ,

1 4 2 . 2 ,  134 .5  (2 C) ,  128 .0  (2 C), 1 2 6 .6 ,  1 2 4 .9  (4 C), 9 2 . 7 ,  7 9 . 2 ,  5 6 .1 ,

4 9 . 2 ,  4 9 . 0 ,  26.7 (3 C) ; m a s s  s p e c t r u m  n o t  a v a i l a b l e  f o r  u n s t a b l e  c r u d e  

p r o d u c t .

C r u d e  27b ( 0 . 7 7  g,  2 mmol)  was  d i s s o l v e d  i n  THF (50 m L ) , 5% HC1 

( 0 .5  mL) was a d d e d ,  a nd  t h e  m i x t u r e  was  s t i r r e d  f o r  1 m i n .  The 

r e s u l t i n g  s o l u t i o n  was  c o n c e n t r a t e d  i n  vacuo ,  e x t r a c t e d  w i t h  CH2 CI 2  (3 

x 40 m L V ^ O  (40 mL), washed w i t h  s a t u r a t e d  NaHC0 3  (30 mL), a n d  washed 

w i t h  b r i n e  (40 mL).  D r y i n g  (Na 2 S 0 A) a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  

c r u d e  28b. Column c h r o m a t o g r a p h y  (20:1 CH2 C l 2 / a c e t o n e )  gave  p u r e  28b 

( 0 . 4 8 3  g ,  89%) a s  a l i g h t  y e l l o w  o i l :  IR  ( n e a t ,  c m ’ 1 ) 1 7 1 0  ( b r  s ) ,

1 6 7 0 ,  1 6 3 0 ,  1490 ,  1 3 9 5 ,  1370,  12 5 5 ,  1160 ,  1 2 3 0 ,  1105;  1H NMR (CDCI 3 ) S

7 . 5 - 7 . 2  (m, 5 H ) , 7 .0  (AB q, J AB = 10 Hz, 2 H ) , 6 .29  (AB q ,  J AB = 10 

Hz,  2 H),  5.3 ( b r  s ,  1 H ) , 1 .39 ( s ,  9 H); m a s s  s p e c t r u m  n o t  a v a i l a b l e ;  

o n l y  M-57 ( t -Bu)  g ro u p  was found.
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I

Preparation of 29a from 28a 
To a  s o l u t i o n  o f  28a ( 0 . 5 5  g,  2 .42 

mm ol )  a n d  CH3 I  ( 1 . 0  mL, e x c e s s )  i n  THF 

( 3 0  mL) w a s  a d d e d  NaH ( 0 . 1 0 5  g ,  1 .1  

e q u i v  o f  a 60% o i l  d i s p e r s i o n ) .  The 

r e a c t i o n  m i x t u r e  was  s t i r r e d  f o r  4 h ,  

t h e  r e a c t i o n  was qu enched  by a d d i t i o n  o f  a s a t u r a t e d  NH^Cl s o l u t i o n  (1 

mL), and  t h e  m i x t u r e  was c o n c e n t r a t e d  i n  vacuo ,  e x t r a c t e d  w i t h  CH2 CI 2  

(3 x 40  mL) /H 2 0  (4 0  mL) , a n d  w a s h e d  w i t h  b r i n e  (40 mL). D r y i n g  

(Na 2 S0A) a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  a b r o w n  s e m i s o l i d .  F l a s h  

co l um n c h r o m a t o g r a p h y  (20:1  CH2 C l 2 / a c e t o n e )  gave  2 9 a  (0.414 g,  71%) as  

l i g h t  y e l l o w  c r y s t a l s :  mp 141-143 °C; IR (KBr, c m ' ’*') 1665 ( b r ) ,  1640, 

1 6 2 5 ,  16 0 0 ,  1 4 9 0 ,  1 4 5 0 ,  1380  ( b r ) , 13 45 ,  1 2 4 0 ,  11 4 0 ,  10 6 0 ,  1 0 3 0 ,  860 ,  

7 5 0 ,  7 3 0 ,  700;  NMR (CDCI 3 ) 5 7 .3 0  ( s ,  5 H), 7 .19  (AB q, J AB = 10 Hz,

2 H),  6 .3 4  (AB q ,  J AB -  10 Hz, 2 H ) , 2 .98 ( s ,  3 H), 2 .14 ( s ,  3 H); 1 3 C 

NMR (CDCI 3 ) 8 1 8 4 -6 - 1 7 1 . 2 ,  14 7 . 8  (2 C), 1 3 8 . 8 ,  128 .5 (2 C),  12 7 .3 ,

126 .2  (2 C),  1 2 4 .6  (2 C),  6 3 . 5 ,  3 4 . 1 ,  23 .2 ;  m a s s  s p e c t r u m ,  e x a c t  m a s s  

c a l c d  f o r  C1 5 H1 5 N02  m/e 241.1103,  ob sd  m/e 241.1108.

P r e p a r a t i o n  o f  29b from 28b 

To a s o l u t i o n  o f  28b (0 .7 0 1  g,  2 .46 

mmol) and  CH3 I  (2 mL) i n  THF (20 mL) was 

a d d e d  NaH (0 .1 0 8  g ,  1 .1  e q u i v  o f  a  60% 

o i l  s u s p e n s i o n ) ,  a n d  t h e  m i x t u r e  was  

s t i r r e d  f o r  5 h .  T h e  r e a c t i o n  w a s  

q u e n c h e d  by  a d d i t i o n  o f  H20 (2 m L ) , a n d

o a c H ^
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t h e  m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  ( 4  x  40 

m L ) /H 2 0  (40 mL) , a n d  w a s h e d  w i t h  b r i n e  ( 4 0  mL). D r y i n g  (Na 2 S0 4 ) a n d  

c o n c e n t r a t i o n  i n  v a c u o  g a v e  c r u d e  2 9 b  a s  a  l i g h t  b r o w n  o i l .  F l a s h  

co l u m n  ch ro m a to g r a p h y  gave a  l i g h t  y e l l o w  s o l i d  w h i c h  was r e c r y s t a l 

l i z e d  (CH2 C I 2 /P E )  t o  g i v e  2 9 b  (0 .515  g,  70%) a s  a l i g h t  y e l l o w  s o l i d :  

mp 1 4 6 - 1 4 8 . 5  °C; IR (KBr, c m ' 1  1695 ,  1 6 6 5 ,  1625 ,  1 3 5 0 ,  1160; LH NMR 

(CDCI 3 ) S 7 . 5 - 7 . 2  (m, 5 H ) , 7 .2 0  (d,  J  = 10  Hz, 2 H ) , 6.26 (d,  J  -  10 

Hz, 2 H), 2 .93 ( s ,  3 H), 1 .17  ( s ,  9 H); 1 3 C NMR (CDC1 3 ) 5 185.1,  1 5 5 . 2 ,

1 4 8 .5  (2 C), 1 4 0 . 9 ,  128.8  (2 C ) , 127 .7 ,  1 2 7 . 4  (2 C ) , 1 2 4 .9  (2 C), 8 0 . 9 ,

6 3 . 2 ,  3 3 .3 ,  27.8 (3 C); m a ss  s p e c t r u m ,  e x a c t  m ass  c a l c d  f o r  C-^gH2 ^N 0 3  

m /e  299.1601,  obsd  m/e 299.1616.

P r e p a r a t i o n  o f  30 f r o m  29a

A s o l u t i o n  o f  2 9 a  ( 0 . 7 2  g,  3.17 

mmol) i n  EtOAc (50 mL) was h y d r o g e n a t e d  

a t  60 l b  o f  p r e s s u r e  o v e r n i g h t .  The 

r e s u l t i n g  s o l u t i o n  was f i l t e r e d  th rough 

C e l i t e  and c o n c e n t r a t e d  i n  v a c u o  t o  g ive  

a w h i t e  s o l i d .  R e c r y s t a l l i z a t i o n

(CK2 C1 2 /P E )  g a v e  30  (0.66 g,  90%): mp 1 3 5 . 5 - 1 3 8 . 0  °C ;  IR (KBr, c m ' 1 )

3 3 1 0 ,  17 20 ,  1650 ,  1545 ,  7 55 ,  6 95 ;  XH NMR (CDCI 3 ) S 7 . 5 - 7 . 2  (m, 5 H) ,  

5 .95  ( b r  s ,  1 H ) , 3 . 0 - 2 . 1  (m, 8  H) , 2 .03  ( s ,  3 H); 1 3 C NMR (CDCI 3 ) 5 

2 1 0 . 4 ,  1 70 .7 ,  1 4 4 . 7 ,  128.0 (2 C) ,  126 .5 ,  1 2 4 . 5  (2 C), 5 6 . 7 ,  36.9 (2 C) ,

35.2 (2 C), 23.2; mass s p e c t r u m ,  e x a c t  mass c a l c d  f o r  C
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P r e p a r a t i o n  o f  31 f rom  29b 

Compound 2 9 b  (0.32 g) was d i s s o l v e d  

i n  d r y  E t 2 0  (1 50  mL) w h i c h  h a d  b e e n  

p r e v i o u s l y  s a t u r a t e d  w i t h  d r y  HC1. (Dry 

HC1 w a s  g e n e r a t e d  b y  a d d i n g  H2 SO4  i n t o  

NaCl  w h i c h  was  b u b b l e d  i n t o  d r y  E t 2 0 .)

A f t e r  s t i r r i n g  o v e r n i g h t ,  s a t u r a t e d  l i g h t  y e l l o w  h y d r o c h l o r i d e  31 had 

p r e c i p i t a t e d  ou t .  F i l t r a t i o n  a nd  w a s h in g  w i t h  d r y  E t 2 0  (20 mL) gave 31

( 0 . 1 0 1  g ,  40%) a s  a l i g h t  y e l l o w  s o l i d :  IR c o u l d  n o t  b e  o b t a i n e d ;

NMR (D2 0)  6 7 .13  ( s ,  5 H), 6 .8 9  (AB q,  J Ag -  10 Hz, 2 H), 6 .28  (AB q,

J Ag -  10 Hz, 2 H), 2 .3 4  ( s ,  3 II),  NH c o u l d  n o t  b e  d e t e c t e d  i n  D2 O;

NMR (D2 0)  6  1 8 8 .2 ,  14 6 . 1  (2 C ) , 1 3 4 . 9 ,  1 3 4 . 3  (2 C), 1 3 2 . 5 ,  132 .1  (2 C),

1 2 8 . 0  (2 C),  63 .9 ,  30 .6 ;  m a ss  s p e c t r u m ,  m a s s  c o u l d  n o t  b e  d e t e c t e d  by 

El machine .

P r e p a r a t i o n  o f  32a  f rom 18 

To a  -70 °C s o l u t i o n  o f  18 (600 mg,

2.49 mmol) i n  THF (40 mL) u n d e r  n i t r o g e n  

w a s  a d d e d  1 .7  M P h L i  ( 1 . 7 5  mL, 1 .1  

e q u i v ) .  The  r e a c t i o n  m i x t u r e  w a s  

s t i r r e d  a t  -70  °C f o r  2 h a n d  a t  room 

t e m p e r a t u r e  f o r  10 m in .  The r e a c t i o n

was quenched  by t h e  a d d i t i o n  o f  NaHCOj (5 mL), and t h e  r e a c t i o n  m i x t u r e  

was  c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 30  mL) /H 2 0  (30 

mL), and washed w i t h  b r i n e  (30 mL). D ry ing  (Na 2 S0 ^) and  c o n c e n t r a t i o n  

i n  vacuo  gave a l i g h t  brown s o l i d  which  was  r e c r y s t a l l i z e d  (CH2 CI 2 ) to
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y i e l d  3 2 a  (379  rag). F l a s h  c o l u m n  c h r o m a t o g r a p h y  g a v e  3 2 a  (0 .2 9 0  g,  

comb in ed  y i e l d  79%): IR (KBr, cm " 1  3260, 1640, 1530, 1490, 1315, 1090,

m e t h y l  g r o u p  a t  1 . 4 2 ,  1 .30  a t  1 : 3  r a t i o ;  m a s s  s p e c t r u m ,  e x a c t  m a ss  

c a l c d  f o r  C2 1 H2 1 N0 2  m/e 319 .1570,  obsd  m/e  319.1722.

t e m p e r a t u r e ,  t h e  r e a c t i o n  was quenched

by t h e  a d d i t i o n  o f  a  s a t u r a t e d  NaHCO-j s o l u t i o n  (5 mL). The m i x t u r e  was 

c o n c e n t r a t e d  i n  vac u o ,  e x t r a c t e d  w i t h  CH2 C12  (3 x 30 mL) /H 20 (30 mL), 

a n d  w a s h e d  w i t h  b r i n e  (30 mL). D r y i n g  (Na 2 S0^)  a n d  c o n c e n t r a t i o n  i n  

vacuo  y i e l d e d  a l i g h t  y e l l o w  s e m i s o l i d  compound. F l a s h  co lumn ch ro m a 

t o g r a p h y  (15:1 CH2 C l 2 / a c e t o n e )  gave  a 1:1 m i x t u r e  o f  s t e r e o i s o m e r  32b 

(546 g,  89%) a s  a s e m i s o l i d :  IR  (KBr,  c m ' 1 ) 3300 ,  1655 ( s h ) ,  1640 ,

1 60 3,  1 5 8 0 ,  1540 ,  1 4 9 0 ,  1 3 1 0 ,  1 0 9 0 ,  1080 ;  1H NMR (CDCI 3 ) S 7 . 7 - 7 . 0 5  (m, 

5 H), 6 . 7 5 - 6 . 4 5  (m, 3 H), 6 . 2 5 - 5 . 9 5  (m, 5 H), 3 .2 0 ,  3 .07  ( s ,  3 H),

1 .5 5 ,  1 . 5 0 ,  1 .3 6 ,  1 .2 5 6  ( s ,  6  H); m a s s  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  

^16^19^®2’ on ly M-CH-j(15) found.

690;  1H NMR (CDCI 3 ) S f o r  m e t h o x y  g r o u p  a t  3 .2 5 ,  3 .1 1  a t  3 :1  r a t i o

P r e p a r a t i o n  o f  32b f rom 18

To a -70 °C s o l u t i o n  o f  18 (260 mg,

1.08 mmol) i n  THF (40 mL) u n d e r  n i t r o g e n

was  a d d e d  1.4 M CH^Li (0 . 9 2  mL, 1.2 

e q u iv ) .  A f t e r  s t i r r i n g  t h e  s o l u t i o n  f o r  

1 h  a t  -7 0  °C a n d  f o r  5 m i n  a t  room
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Preparation of 34 from 12
To a s o l u t i o n  o f  d i m e t h y l m a l o n a t e

( 0 . 1 3 2  mL, 1 .05 e q u i v )  i n  THF (15 mL)

u n d e r  n i t r o g e n  w a s  a d d e d  NaH ( 4 6 . 2  mg,

1 .0 5  e q u i v  o f  m i n e r a l  o i l  d i s p e r s i o n ) ,

a nd  t h e  m i x t u r e  was  s t i r r e d  f o r  15 min.
OCH3

To t h e  r e s u l t i n g  s o l u t i o n  was  a d d e d  12

( 0 . 2 7  g ,  1.05 m m ol)  i n  THF (5 ML), and  t h e  m i x t u r e  was  s t i r r e d  o v e r 

n i g h t .  The r e s u l t i n g  m i x t u r e  was c o n c e n t r a t e d  i n  vacuo,  e x t r a c t e d  w i t h  

CH2 C I 2  (3 x 30 m L) /H 2 0  (30  m L ) , a n d  w a s h e d  w i t h  b r i n e  (30 mL). D r y i n g  

(N a 2 S 0 ^ )  a n d  c o n c e n t r a t i o n  i n  v a c u o  gave  a l i g h t  y e l l o w  o i l .  F l a s h  

c o l u m n  c h r o m a t o g r a p h y  ga ve  3 4  ( 3 4 4  g,  91%) as  a c o l o r l e s s  o i l :  IR

( s o l u t i o n  c e l l ,  c m " 1 ) 3 4 2 0 ,  2 9 5 0 ,  17 60 ,  1 7 4 0 ,  1 6 7 5 ,  1 5 3 0 ,  1 5 0 5 ,  1440,  

1 3 2 0 ,  1 2 9 5 ,  12 4 0 ,  1 2 0 0 ,  1185 ,  1 1 6 0 ,  1030;  1H NMR (CDCI 3 ) 8  8 . 1 5 - 7 . 9  ( b r  

s ,  1 H),  7 . 9 - 7 . 7  (m, 3 H ) , 7 . 5 5 - 7 . 3 0  (m, 4 H ) , 6 .83  (d ,  J  -  9 Hz, 1 H ) , 

5 .1 3  ( s ,  1 H ) , 3 .7 5  ( s ,  3 H), 3 .7 2  ( s ,  6  H); m a s s  s p e c t r u m ,  e x a c t  mass  

c a l c d  f o r  C1 9 H1 9 N06  m / e  357.1213, obsd m / e  357.1259.

P r e p a r a t i o n  o f  35 from 18 

To a s o l u t i o n  o f  d i m e t h y l  m a l o n a t e  

( 0 . 5 6  mL, 2 .2  e q u i v )  i n  THF ( 8 0  mL) 

u n d e r  n i t r o g e n  w a s  a d d e d  60% NaH (196 

mg, 2 . 2  e q u i v  o f  60% m i n e r a l  o i l  d i s p e r 

s i o n ) .  A f t e r  t h e  s o l u t i o n  h a d  s t o p p e d  

b u b b l i n g ,  18 ( 5 4 0  mg, 2 .24 mmol)  i n  THF 

(25  mL) was  t r a n s f e r r e d  i n t o  t h e  a n i o n

HN Ph

HN Ph
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s o l u t i o n ,  a n d  t h e  m i x t u r e  was  s t i r r e d  o v e r n i g h t .  The r e a c t i o n  was 

q u e n c h e d  b y  t h e  a d d i t i o n  o f  s a t u r a t e d  NaHCOj (5 mL) , a nd  t h e  m i x t u r e  

was  e x t r a c t e d  w i t h  CH2 C I 2  (3 x  50  mLJ/ I^O (50  mL), and  w a s h e d  w i t h

b r i n e  ( 5 0  mL). D r y i n g  (Na 2 S0 ^)  a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  c r u d e

35 (785  mg, 94%). F l a s h  c o lu m n  c h r o m a t o g r a p h y  ( 2 5 : 1  C i ^ C ^ / a c e t o n e )  

gave a 1 :1  m ix tu r e  a s  t r a n s  i s o m e r  (0.689 g, 82%) which  was u s e d  i n  the  

n e x t  s t e p  w i t h o u t  f u r t h e r  i s o l a t i o n .

P r e p a r a t i o n  o f  36 from 35 

To a  s o l u t i o n  o f  35 (84.2 mg,  0 . 2 2  q

mmol)  i n  THF (20 mL) was  ad d e d  10% HC1 

(20 d r o p s ) .  The m i x t u r e  was s t i r r e d  a t  

room t e m p e r a t u r e  f o r  40  min ,  a n d  t h e n  

t h e  r e a c t i o n  was q u e n c h e d  by t h e  a d d i 

t i o n  o f  NaHCOj (5 m L ) . The m i x t u r e  w a s  

c o n c e n t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x  30 mL)/H 2 0  (30  mL), 

a nd  w a s h e d  w i t h  b r i n e  (40 mL). D r y i n g  (Na 2 S 0 ^ )  a n d  c o n c e n t r a t i o n  i n  

vacuo g a v e  c rude  36. F l a s h  co lumn c h r o m a t o g r a p h y  (CH2 CI 2 ) gave  p u r e  36 

(68.5 mg, 89%): I R  ( s o l u t i o n  c e l l ,  c m ' 1) 1750 ( s h ) ,  1740 ,  1 6 8 0 ,  1520,

1510,  1 3 1 5 ,  1280,  1 2 3 0 ,  1220,  1 1 9 5 ,  1150 ;  1H NMR (CDCI 3 ) S 8 . 0 5  ( b r  s ,  

1 H), 7 . 9 5 - 7 . 7  (m, 3 H) ,  7 . 6 - 7 . 0  (m, 5 H), 4 .8 8  ( s ,  1 H), 3 .7 3  ( s ,  6  

H), 2 .2 6  ( s ,  3 H); 1 3 C NMR (CDCI 3 ) 5 168.4  (2 C) , 1 65 .7 ,  1 3 6 . 5 ,  134 .6,

131 .9 ,  1 3 1 . 3 ,  1 31 .1 ,  13 0 .6 ,  1 2 8 .0  (2 C), 126 .7  (2 C), 1 2 0 . 5 ,  120.2,

53.8,  5 2 .8  (2 C), 1 8 .5 ;  m a ss  s p e c t r u m ,  e x a c t  m a s s  c a l c d  f o r  C^ gH^NO ^ 

m/e 341 .1263,  obsd m /e  341.1247.

HN

C * i
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P r e p a r a t i o n  o f  38 f rom  19 

To a  s o l u t i o n  o f  d i m e t h y l  m a lo n a t e  

( 0 . 2 5  mL, 1 .1  e q u i v )  i n  THF ( 3 0  mL)

u n d e r  n i t r o g e n  was  s l o w l y  a d ded  NaH ( 8 8

mg, 1 . 1  e q u i v  o f  a  60% m i n e r a l  o i l  d i s 

p e r s i o n ) .  A f t e r  t h e  s o l u t i o n  h a d  

s t o p p e d  b u b b l i n g ,  1 9  (0 .51  g,  2 mmol) 

was  a d d e d ,  a n d  t h e  m i x t u r e  was  s t i r r e d  o v e r n i g h t .  The r e a c t i o n  was  

q u e n c h e d  b y  t h e  a d d i t i o n  o f  H2 O (1 mL), a n d  t h e  m i x t u r e  w a s  c o n c e n 

t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 CI 2  (3 x AO mL)/H 2 0  ( 4 0  mL), a n d  

washed  w.rth b r i n e  (40 mL). D r y i n g  (NagS0^) a n d  c o n c e n t r a t i o n  i n  vacuo  

g a v e  c r u d e  38 a s  a  b r o w n  o i l .  F l a s h  c o l u m n  c h r o m a t o g r a p h y  ( 2 0 : 1

C ^ C ^ / a c e t o n e )  ga ve  38 (0.54 g,  70%) as a l i g h t  y e l l o w  o i l :  IR ( f i l m ,

c m ' 1 ) 1 7 6 0 ,  1740 ,  16 90 ,  1640 ,  1 3 7 5 ,  1050;  1 H NMR (CDC13 ) S 7.40 ( s ,  5 

H), 7 .2 7  ( d d ,  J  -  2 ,  10 Hz, 1 H ) , 6.07 (d,  J  -  10  Hz, 1 H ) , 4 . 4 7  ( d , .  J  

-  9 Hz,  1 H), 3 . 6 7  ( s ,  6  H ) , 3 . 6 - 2 . 8  (m, 3 H ) , 3 .38  ( s ,  3 H),  2.82 ( s ,  

3 H); 1 3 C NMR (CDCI 3 ) S 196 .4  (2 C) ,  172 .9,  1 6 8 . 0 ,  148 .5 ,  1 3 6 . 1 ,  1 3 0 .0 ,

128 . 2  (2 C),  1 2 6 . 6 ,  126 .2  (2 C) ,  87 .9,  5 2 .3 ,  5 2 .0  (2 C ) , 50 .4 ,  4 1 . 3 ,

36 .9 ,  3 3 . 6 ;  m a s s  s p e c t r u m ,  e x a c t  mass c a l c d  f o r  C;2 0 ^ 2 3 ^ (117 

389.1474,  obsd m/e 389.1468.

P r e p a r a t i o n  o f  39 and 40 f r o m  38 

A s o l u t i o n  o f  38 (0.38 g, 1 mmol) 

a nd  TsOH (20 mg) i n  THF (50 mL) u n d e r  

n i t r o g e n  was h e a t e d  t o  r e f l u x  o v e r n i g h t .

The r e a c t i o n  m i x t u r e  was  c o n c e n t r a t e d  in

OCI
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v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x  40  m L ) /H 2 0  (40  mL ) , w a s h e d  w i t h  a 

s a t u r a t e d  NaHCO-j s o l u t i o n  (40  mL ) , a n d  w a s h e d  w i t h  b r i n e  (40  mL). 

D r y i n g  (Na 2 SO^) a n d  c o n c e n t r a t i o n  i n  v a c u o  g a v e  a  l i g h t  b r o w n  o i l .

F l a s h  c o l u m n  c h r o m a t o g r a p h y  ( 2 0 : 1  C i ^ C ^ / a c e t o n e )  ga ve  39 (0 .2 2 8  g,

89%) and 40  (110 mg, 91%) a s  known compounds ( A l d r i c h  c a t a l o g ) .

P r e p a r a t i o n  o f  41 f rom 24b 

To a s o l u t i o n  o f  d i m e t h y l  m a l o n a t e  

(0 .3 0 4  mL, 1 .1 e q u i v )  i n  THF (20 mL)

u n d e r  n i g r o g e n  was  s l o w l y  a d d e d  NaH

( 0 . 1 0  g, e q u i v  o f  a 60% m i n e r a l  o i l

d i s p e r s i o n ) .  A f t e r  t h e  b u b b l i n g  h a d  

c e a s e d  (10 m i n ) ,  2 4 b  ( 0 . 5 1  g ,  2 .42  mmol)  

w a s  a d d e d ,  a n d  t h e  m i x t u r e  w a s  s t i r r e d  o v e r n i g h t .  The  r e a c t i o n  was 

q u e n c h e d  b y  t h e  a d d i t i o n  o f  H2 O (1 mL) , a n d  t h e  m i x t u r e  was  c o n c e n 

t r a t e d  i n  v a c u o ,  e x t r a c t e d  w i t h  CH2 C I 2  (3 x 40 m L) /H 2 0  (40 mL), a nd  

washe d  w i t h  b r i n e  (40 mL). D ry ing  (NagSO^) and c o n c e n t r a t i o n  i n  vacuo  

g a v e  a b r o w n  o i l .  F l a s h  c o l u m n  c h r o m a t o g r a p h y  g a v e  4 1  (0 .5 4 6  g,  69%) 

a s  c o l o r l e s s  c r y s t a l s :  mp 117-179 °C; IR (KBr, c m ' 1) 1750, 1740, 1720,

1690,  1680, 1315,  1305, 1280,  1270, 1105,  1190, 1170, 1100, 720; 1H NMR 

(CDC13 ) S 7 . 8 - 7 . 2  (m, 6  H ) , 6 .08 (d,  J  = 10 Hz, 1 H ) , 3 .80  ( s ,  3 H ) ,

3 . 5 - 3 . 2  (m, 2 H ) , 3 . 0 - 2 . 6  (m, 2 H), 1 . 8 1  ( s ,  3 H ) , 1 3 C NMR (CDCI 3 ) S

1 9 3 . 9 ,  171 .0 ,  1 6 8 . 3 ,  1 6 7 . 9 ,  1 4 7 .3 ,  1 3 3 . 9 ,  13 2 .8 ,  128 .9  (2 C), 12 8 . 3 ,

1 2 8 . 0  (2 C ) , 6 1 . 7 ,  5 2 .8 ,  5 1 . 9 ,  4 2 . 8 ,  3 5 . 3 ,  2 2 . 0 ;  m a s s  s p e c t r u m ,  e x a c t  

m ass  c a l c d  f o r  C^gH^NO^ e Z®. 327.1107,  o b s d  m/e 327.1121.

Ph-
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Figure 4. 80 MHz 1H NMR Spectrum of 14
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Figure 6 . 80 MHz 1H NMR Spectrum of 16
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Figure 7. 80 MHz 1H NMR Spectrum of 17 277
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Figure 8 . 80 MHz 1H NMR Spectrum of 18

278



J IA
_____ LPPM

Figure 9. 80 MHz NMR Spectrum of 19 279



6 5 ppM 4 3
Figure 10. 80 MHz NMR Spectrum of 23a

280



•ph

6 5 PPM 4 3
Figure 11. 80 MHz 1H NMR Spectrum of 23b
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Figure 12. 80 MHz 1H NMR Spectrum of 24a
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Figure 15. 80 MHz 1H NMR Spectrum of 27b
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Figure 23. 80 MHz 1H NMR Spectrum of 32b
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