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was chromatographed on a 2.5 X 50 cm silica gel column using 3 ,4 ,  
and 8% MeOH in CHCI:, as  eluant. Fractions were combined after 
T L C  analysis to give 102 mg 14%) of 3',1'-dimethyl-(+)-catechin 
( T i ) :  nip 247-8 " C  iMeOH-CHC1:O: IK (KBr) 2.96,6.67,6.90,8.04,8.85, 
and 9.90 pm; MS m/e (re1 intensity! 318 (39), 180 (100),165 ( la) ,  152 
i20), 151 (35), 139 i38), and 43 (54); NMR (Me$3O-d61 6 6.95 I3 H. b 

. C5,H, and Cs,H), 5.82 12 H ,  h d ,  CRH and CaH), 4.58 (1 H.  b 
), S.7S i 7  H. h s. OCH:3 and C:jH!. and 2.50 (2 H ,  m, CdH). Anal. 

Calcd for Ci2HlxOs: C. 64.14: H ,  5.70. Found: C,  63.89: H.  5.88. In 
addition to starting material 1780 mg, 3gCt), there was obtained a 
mixture of mofiomethyl catechins is57 mg, 43%1 as  an oil. Crystalli- 
zation o f  the oil from MoOH-CHC1:j gave 345 mg (17%) of' white solid, 
mp 222-4 "C (recrystallized mp 228-30 " C ) .  From the spectral data  
and its chemical reactions. this material was identified as 4'- 
methyl-(+)-cat~.chin 14). IR iKRrl 2.98,6.2,5, 6.65, 7.05, 8.04, 9.03. and 
9.71 ,um; MS m,'e ire1 intensity) 304 (601, 167 (17). 166 (loo!, 151 (131. 
1:19 (821, 138 (?.j!. and 137 (38) MR (MezSO-dG) 6 6.82 ( 3  H ,  b s. 
C:! H. C:.H, and Cl;,H). >.8,5 i 2  H. h d ,  C6H and CsH).  4.55 (1 H. d.  
('?HI. :3.75 14, E[. h s, O( H,] and C {Hi. and 2.50 ( 2  H, in. C4H). Anal. 
('alcd f'cir C l ~ H i & ; :  C' .  63.13; H. 3.:30. Found: C,  62.48; H. 5.47. 

cif l ' - m e t h y l - ( t  ,-catechin ( 4 )  and 2,,5 g of granular K?CO,< in 10 m L  
I I ~  acetone was heated t o  reflux. and 1.4 mL of diethyl sulfate was 
added in 0.2-niL aliquot s thrcliigh t h e  condenser every 10 min. After 
the addition was completed. the reflux was continued overnight. The 
inixture was th<,n t'iltertd. and the precipitated was washed with 2 X 
10 ml, of acetone. Evapiirnticiii of the ci hined filtrate gave a liquid 
Lvhich solidified on stirring tvith U.5 KOH solution overnight. 
CryPtallization from EtOAc-hexane a rded 192 mg ( i s ' ; !  of' 3'- 
,5, i-triethyl-4'-meth~l-(  t ) - c a t e c h i n  (ti): m p  104-5 "C irecrystal- 
lized mp 108--9 ' (  '!: 1K I KHrI L'.90. 6,:M 7.00. 7.23. 8.Oli. 8.78. 8.96. 9.80. 
;inti 12,.(ipm: MS m / ( ,  Ire1 intensity) :188 (281. 196 i14), 195 1100). 194 
(2 . i ) .  167 (12). 1i;fj I  10). and 1:19 ( 1  11; KMR 6 6.96 i:3 H. h a. CyH. Ci,H. 
a n d  (:(;Hi, 6.12 ( 2  H. 5 .  Cf,H and C6HI. 4.60 (1 H, d ,  C2H). 3.7-4.;3 (10 
H.  m.  OCHzCH:,. OC'H , a n d  C , H ) .  2.4-3.3 i 2  H ,  m CIHi. 1.95 (1  H, 

. L l , C  i!) H.  m. O('H2CH:j). Anal. Calcd for C??H28Or;: 
-. Fiiund: (', 6ij.lO: H. 7.16. 
yl-3'-methyl-(+)-catechin ( 7 ) .  The oily mother l i -  

quo r s  from the prepararion I J ~  .i mgi  were reacted in 20 mI, ot' 
acetrine with 2,?  tnl, ot id 5 g I ~ K Z C O ; I  as described 
above. 'The crude prod ed from MeOH-H?O to give 
41 ;i mg I 2 crops. Gf < 1 I ]'-methyl-( +)-catechin (7) :  
n ip  118 -120 "(' irecry OAc-hexane mi) 125-6 " C I :  
I l i  iKHr,  2,94.i>,:+iI, 7.1 , 9.00, 9.74. and 12.1; pm:  hlS 
m/i> (re1 intensitvl :388 i:17i. 57 159). 45 (:HI, 4:i 1461. 
and 4 1  1291:  NLIR i, 6 . 5  i :1 H. h 5 .  ('?,H. C- ,H,  and Cfj H ) .  6.10 ( 2  H. 
b ,  (',)H and C,FII. .4.62 ( 1  H. d .  C?HI. :3.7-4.3 (-10 H. m. OCH2- 
( ' H  ;OCH:, and C , H J ,  2.-4-:{.,3 1 2  H.  in .  C,H). 2 . l ( i  i 1 H. hs, OH) .  and 

Anal. ('alcd !or CY22HzhO,>: C. 68.W; H. 

P e r m a n g a n a t e  Oxida t ion  of :I',T,,T-Triethyl-J'-methyl-(+)- 
c a t e c h i n  (Ci)."' .4 >uspetision (11 ?Oil ing t i t  6 in 10 mL of' H2O wab 
heaied t o  100 '1 ' \vith <: i r r i i ig ,  theti 1.0 g 111 K M n 0 4  \yere added i n  
ctnall pcirticins ci\.er the  c~~iui'se l i t '  I h 'I'he iolution was stirred at 100 
O ( '  l o r  ;in additic~nal hrliir then tiltereti hot. 'I'he hlnO? was washed 
Lvith 5 m l ,  (if hot I f f  KOH holution. and the combined filtrates \vere 
c,ooled and aciditied t o  pH 2 w i t h  concentrated HCI. Extraction with 
.' x 10 niI, i ~ t  C f j r I  j tollowed hy drying and evaporating the CHCI.1 
gave a light yellow solid. Recrystallization trcitn .\.leOH-H& aftorded 
I : \  nig of  white solid. n i p  159-162 '('. The solid was identical hy hlS 
ulmparison u.ith an authentic m n p l e  of'ii-et hi)xy-4-methox?het~~[iic 
acid 

P e r m a n g a n a t e  Oxida t ion  of I',.i,i-TriethyI-:i'-methyl-( +)- 
c a t e c h i n  (7). Et hylated catechin 7 was oxidized with 1 g ofKMnOJ 
a t  H 2 0  at 100 "(' as described above. Recrystallization of the  crude 
product from RIeOH-H&I gave 9 mg  of white solid, mp 195-6 " C .  
identical hl- M S  compariwn with an  authentic sample of'4-ethoxy- 
:i-methoxyhenzt ic acid ilit.'j m p  1%-4 " C ,  m m p  195-6 " C ) .  

Acknowledgment. I'he authors are indebted to  Dr. T. 
Radford and Mr. R. Karelitz of' our laboratories for the de- 
terminations of mass spectra. 

69912-76-1: 6,69912-77-2; 7,69912-78-:3. 

.I * ,  ,a,7-Triethyl-J'-methyl-(+)-catechin - ( 6 ) .  A mixture of 200 mg 

mp 1 6 : U  '('. mmp 16L:{.> ' ( ' j .  

Regis t ry   no.-^ ~ 1 ,  l54-2:1-4: 4 ,  60:383-97-:3; 4,  69912-75-0; 5. 
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0- Methyl-L-serine* and O - m e t h y l - ~ - t h r e o n i n e ~ ~ ~ ~  are of 
interest for incorporating into peptides for structure-function 
relationship studies and in the  search for useful analogues of 
biologically active molecules 0-Methyl-L-threonine is also 
a n  antagonist of isoleucine, inhibiting protein synthesis by 
ascites tumour cells." The  N-tert-  butyloxycarbonyl (Boc) 
derivative of 0-methyl-L-serine, which is useful for synthetic 
work, is best obtained by a five-step synthesis from L-serine 
of the  0-methylamino acid, followed by acylation with tert- 
butyloxycarbonyl azide.6 We describe in this paper a method 
of preparing N- (tert-butyloxycarbonyl)-0- methyl-L-serine 
(2a) in one s tep from N-(tcrt-butyloxycarbonyl)-L-serine 
( la) .  Since the Boc group can be removed readily,6 this pro- 
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a, R = H ;  R1 = CH, 
b,  R = CH,;  R' = CH(CH,) :  

vides the  simplest access to  the free 0-methylamino acid as 
well. An analogous preparation of crystalline N -  ( t e r t -  butyl- 
oxycarbony1)-0-methyl-L-threonine (2b) is also described. 
Inefficient preparations of the  latter4 and the benzyloxycar- 
bony1 derivative" using silver oxide and methyl iodide as re- 
agents have been reported. 

Further to our studies on the N-methylation of &'-(benzyl- 
oxycarbonyl)-; and N-(buty1oxycarbonyl)amino acids8 using 
methyl iodide and sodium hydride in tetrahydrofuran, the 
methylation of the 0-unprotected derivatives of serine and 
threonine was e ~ a m i n e d . ~  T h e  reaction proved complex due 
to  partial selectivity and decomposition. We have now found 
t h a t  by using a sodium alkoxide as base, methylation of the 
butyloxycarbonyl derivatives takes place exclusively a t  the 
hydroxyl group without any decomposition occurring. T h e  
alkylation is incomplete; however, the products (2)  can be 
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readily isolated pure simply by extracting them from an 
aqueous solution into dichloromethane. The  starting materials 
(1) remain completely in the aqueous phase. In this manner, 
N -  (tert-butyloxycarbony1)-0-methyl-L-serine (2a) was ob- 
tained as an oil in 4 5 4 5 %  yield from N-(tert-butyloxycar- 
bony1)-L-serine (la) using sodium methoxide, and crystalline 
N- ter t  - butyloxycarbonyl)-0- methyl-L-threonine (2b) was 
obtained from N -  ( ter t -  butyloxycarbony1)-L-threonine ( lb)  
in 52% yield using sodium isopropoxide. Starting material is 
recoverable in 30-40% yields. T h e  products contained no de- 
tectible amount:; of starting material or N-methylated prod- 
ucts (amino acid analysis, thin-layer chromatography, NMR), 
and  they were shown to be stereochemically pure (<0.1% D 
isomer) by conversion to  the C-terminal lysyl dipeptides fol- 
lowed by analysis for the diastereomeric dipeptides.I0 The  
corresponding A- benzyloxycarbonyl derivatives could not be 
obtained readily by the  same procedure due to partial de- 
composition of starting materials and/or lack of selectivity. 

E x p e r i m e n t a l  Sec t ion  
.V- ( ter t -  butylokycarbonyl)-I,-serine and -L-threonine were pur- 

chased from Chemical Dynamics Corp., Plainfield. N.J .  The  course 
of the methylations was monitored hy 60-MHz 'H NMR spectroscopy 
in CDCIZ making use of the intensities of the following peaks (6 in ppm 
relative to MedSi): OC(CH:d2, 1.5: NCH3, 2.9; OCHS, 3.4. 

N - (  tert-Butyloxycarbony1)-0-methyl-L-serine (2a) .  N -  
( ter t -  hutyloxycarbonyll-L-serine ( la;  2.05 g, 10 mmol) was dissolved 
in 100 m L  of tetrahydrofuran (distilled over LiAlH4). T o  this was 
added 40 m L  of sodium methoxide solution (freshly prepared by 
mixing 2 g of a 50% NaH dispersion in oil (40 mmol), 6 mL of metha- 
nol, and 74 m L  of'THF), arid the mixture was shaken for 1 h. Methyl 
iodide (1 mL) in 10 mL of T H F  was added, and the mixture was 
shaken for 1 h.  T h e  remainder of the NaOCH3 solution and 2 mL of 
C H J  in 10 m L  of T H F  were added, and the mixture was shaken for 
18 h.  T h e  solvent was removed with a rotary evaporator, the residue 
was dissolved in 50 m L  of water. and the solution was washed with 
ether and acidified a t  0 "C with solid citric acid. The  mixture was 
extracted with ethvl acetate. and the  extract was washed with dilute 
aqueous IL'a&03 and saturated salt solution, dried (NaZSO"), and 
concentrated to an oil. The  oil contains .V- ( t e r t -  buty~oxycarbonvl)- 
/I-methyl-[,-serine and .V-I t e r t -  butSlox?.carbonvl)-L-serine in a 3::' 
ratio. The  mixture was dissolved in water (30 mL),  and the desired 
product was taken out  by estracting it into dichloromethane (1 X 80 
m L ) .  Evaporation of the  dried solvent gave 1.17 g (55%) of -V-(tert- 
l,iityloxycarbon).l)-O-methyi-I,-serine as  an oil, which gave a dicy- 
clohexylammonium salt. crystallized from ethyl acetate-petroleum 
ether ,  with m p  l l i ~ - l l 7  "C and [ a ] ~ ) ? , ' ~  +17.5' (c  2.0, methanol). 

Anal. Calcd for C : ~ I H ~ & J Y O ~ :  C .  6:j.OO: H. 10.07: N,  7.00. Found: C .  
62.90; H. 10.20; N. 6.89. 

The  remaining ,Iqueous phase was saturated with NaCl and ex- 
tracted with ethyl acetate. Evaporation of the  solvent gave 0.68 g 
(30?6) of a mixture containing :V- ( ter t -  butyloxycarbonyl)-bu serine 
and ,V- ( t e r t -  butylox?;carhiinyl)-(i-methyl-L-serine in a 5 : l  ratio. 

T h e  results destrihed above were obtained hy carrying out  all op- 
erations precedin:; the  workup a t  5 "C. The same results (45-50% 
yields) were obtained at  23 "C, o r  when using powdered NaOCH:3 in 
T H F  or powdered 1VaC)CH. in T H F  i 100 mL) containing 2% methanol 
a s  the methoxide wlution. 

N -  ( tert-Butyloxycarbonyl)- 0-methyl- threonine (2b). T o  
a solution of sodiLni isopr$)poxide, prepared by mixing 0.40 g of an 
N a H  dispersion in oil 18 mmol) and 2 mL of 2-propanol in 20 mI, of' 
purified T H F ,  was added N- ( ter t -  hutyloxycarbonyl)-12-threonine ( 1  b) 
(0.44 g. 2 mmoi) and CH:jI (1  mL). 'The mixture was shaken at  5 "C 
for 20 h. Workup as descrihed for the isolation of 2a gave, after crys- 
tallization from CHC1.I. 0.24 g (52%) of .V-(trrt-butyloxycarbonyl)- 
O-methyl-~-threoliine: mp 125-127 "C; [ ( Y ] D ~ : ~  t7 .0°  (c  2.0, methanol), 
t 2.6' i c  2.0, .V,~V-dimethvlformamide) (lit." oil). A 200-mg (40?6) 
amount  of N -  ( t e r t -  hut?.loxycarbonyl)-r.-threonine was recovered. 

Anal. Calcd for CI~,IHI$JO;: C. 51.49; H, 8.21; N. 6.01. Found: C,  
51.:18: H, 8.28; N,  5.94. 

Optical Pur i t ies .  2a and 2b were coupled with the  L and DI, iso- 
mers of benzyl ,~ ' -~he i izy loxycarh~nyl ) lys ina te ,  and after removal 
of' the protecting gi'oups hy catalytic hydrogenation separation of the 
diastereomeric dipeptides was performed on a 0.9 X 15 cm column 
of Aminex A-5 resin with a Heckman Model 120B amino acid analyzer 
using 025  N sodium citrate. pH 5.50, as eluting buffer."'The elution 
times IminJ were as follow+.: I.-Ser(Me)-I,-Lys, 39; L-Ser(Me)-D-Lys. 

45; L-Thr(Me)-L-Lys, 38; L-Thr(Me)-D-Lys, 45. The L-D isomers are 
the enantiomers of the  D-L isomers. 2a and 2b contained less than  
0.1% of the D isomer. 

Note  Added in Proof: T h e  oily N-(tert-butyloxycar- 
bonyl)-O-methyl-L-serine (2a)  gradually crystallized after 
standing a t  -5 "C for several months. It can be recrystallized 
readily from chloroform-petroleum ether with the help of seed 
crystals and has mp 63-65 O C  and [ a l Z 3 ~  +&go (c 1.0. meth- 
anol). 

Regis t ry  No.-la, 3262-72-4; lb,  2592-18-9: 2a, 51293-47-1; 2a 
dicyclohexylammonium salt, 69912-63-6: 2b, 48068-25-3. 
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Photocyclization reactions have been widely investigated. 
and the synthetic and mechanistic aspects of this type of 
photoreaction have been amply reported.] For example, the 
photooxidative cyclization of stilbenes to  phenanthrenes is 
a reaction of remarkable generality and synthetic utility for 
the preparation of various condensed aromatic hydrocarbons.- 
.4lthough the chemical and physical aspects rifthe interactions 
( i f  aromatic hydrocarbons with primar .econdary. and ter- 
t iary amines have been extensively studied and discussed,:: 
the  first study into the interactions between an amine (e.g.. 
pyrrole, N-methylpyrrole) and an excited singlet stilbene 
molecule (which undergoes photocyclization) was reported 
by Kubota and Sakurai as recently as 1972:' More recently 
still, Lewis and Ho investigated the interactions hetween 
singlet trans-stilbene and several secondary and tertiary al- 
kylamines in polar and nonpolar solvents." I n  all cases it was 
shown that the photolytic reactions resultecl in addition of the 
amine to  the  olefenic bond rather than cyclization. 

Primary amines are known t o  be inefficient quenchers of' 
arene fluorescent states, in contrast to secondary and tertiary 
amines with which even exciplex formation can he ohserved." 
However the  exact role of such compounds in  t he  type of re- 
actions under discussion here has not yet been studied in de- 
tail. We first reported; the reductive photocyclization of' 
2,3-diphenylbenzo[b]furan in primary amine solution. and 
recently Lapouyade and co-workers8 observed that primary 
amines and diamines are efficient catalyst- in the nonoxida- 
tive photocyclization reactions of several 1 . 1  -diar>-lethyl- 
enes. 

\Ve wish to report here the photochemical hehavior of' 
trans-stilbene ( la) and various derivatives ( lb-d)  in propyl- 
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