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Semirigid Analogs of a-Methylnorepinephrine.-The 
synthesis of 1 and 2 was initiated with the acetylation 
of pyrocatechol5 to yield 5, which was subjected to Fries 
rearrangement6 to  afford 6. The highly reactive 
catechol OH'S were protected by the reaction of 6 
with PhCH2C1 and in MezCO to afford the 
desired ether, 3,4-dibenzyloxyacetophenone (7). 

The reaction of 7 with EtAIgI resulted in the for- 
mation of the alcohol 8, which on dehydration, utilizing 
,11gS04 in PhH a t  room temp, afforded the cis olefin 9 
as the exclusive product. S o  detectable amount of 
2rans-2-(3,4-dibenzyloxyphenyl)-2-butene (10) was ob- 
served. The assignment of the cis configuration to 9 
is based on the uv and nmr data, as compared to  the 
previously reported data' for the related cis- and 
trans-2-phenyl-2-butenes (Table I ) .  The synthesis 

TABLE I 
---Uv, nm- ---Nmr. 6- 

Olefin hmsa log e Cl-hle CI-Me 

cis-2-Phenyl-2-butene 243" 4.082 2.01 1 . 7 5  
trans-2-Phenyl-2-butene 23ja 3.912 2.03 1.58 
cis-2-(3,4-Dibenxyloxyphenyl)- 

2-butene ( 9 )  257 4.041 1.97 1.75 
trans-2-( 3,4-Dibenzyloxy- 

phenyl)-2-butene (10) 245 1 .98  1.53 
a D. J. Cram, J .  Amer. Chern. Soc., 71, 3883 (1949). 

of the trans olefin 10 is reported later in this publication. 

5 6 7 8 

OH P R  

11. X = Br 
13, X = NH,.HCI 
14, X = NHAc 

12 

A key intermediate in the synthesis of the erythro 
amino alcohol 2 was the erythro diol 15. Oxidation of 
the cis olefin 9 with Os04 or treatment of the cis epoxide 
12 with 0.02 N HZS04 in aq DMSO afforded the desired 
erythro diol 15. The structural assignment of 15 is 
based on the observationa that  oxidation of olefins 
with Os04 results in the formation of cis 1,2-diols. 
Formation of 15 from the acid-catalyzed opening of 12 
indicates an  intermediate carbonium ion with resulting 
formation of the more stable erythro diol 15. This 
stability can be rationalized by intramolecular H 
bonding. 

Treatment of 15 with IlIeSO?Cl in pyridine a t  0" 
afforded the monomesylate 16 which was converted t o  
the trans epoxide 17 utilizing liq XH3 a t  room temp. 
Amination of 17 using XH3 a t  elevated temp and pres- 
sure resulted in formation of the desired erythro 
amino alcohol which was isolated as the HC1 salt 18. 

Catalytic hydrogenation of 18 resulted in the removal 
of the benzyl ether protecting groups with the formation 
of eryth~o-3-amino-2-(3,4-dihydroxyphenyl)-2-butanol 
.HC1 (2). 

OH 

H '- 'CH, 
9 10 

R = CH2C6H, 

Using SBS as the source of Br, the cis olefin 9 was 
converted to bromohydrin 11 which on treatment with 
liq SH3 a t  room temp, produced the cis epoxide, 12. 
Amination of 12 using SH3 a t  elevated temp afforded 
the threo amino alcohol which was isolated as the HC1 
salt 13. Evidence that amination resulted in attack 
a t  the least-substituted C-3 position was obtained by 
conversion of 13 to the N-Ac deriv 14. The ir spec- 
trum of 14 showed OH absorption a t  3330 cm-' and 
COSHz absorption a t  1640 cm-l. 

The removal of the benzyl ether protecting groups 
from 13 was achieved by hydrogenation over 10% 
Pd /C  catalyst to yield threo-3-amino-2-(3,4-dihydroxy- 
phenyl)-2-butanol.HCl (1). 

( 5 )  G Heller, P Lindner, and H George, Chem Ber , 56, 1871 (1923) 
(6) N D Moed, J Van Dijkand, and H. S ien ind ,  RecZ Trav Chzm. 

(7)  D J Cram, J Amer Chem SOC, 71, 3883 (1949) 
Pays-Bas,  77, 273 (1958) 

15,X=OH 
16, X =OSOpCH, 
18, X = NH,.HCl 

17 

Semirigid Analogs of a-Methyldopamine.-The syn- 
thesis of the a-methyldopamine analogs 3 and 4 was 
initiated with the preparation of ketone 19. The 
treatment of the erythro diol 15 with a catalytic amount 
of p-TsOH in benzene a t  reflux or oxidation of the 
threo alcohol 20, according to  the general procedure of 
Pfitzner and l l ~ f f a t t , ~  afforded the ketone 19. The 
alcohol 20 was prepared by the hydroboration of the 
cis olefin 9. Since diborane addition is a cis addition 
and oxidation of the intermediate alkylborane with 
H202 occurs Ivith retention of configuration,'O the 
alcohol 20 was assigned the threo configuration. 

The ketone 19 was converted to the corresponding 
oxime 21. Aletal hydride reduction of oxime 21 was 
expected to afford a mixture of amines 22 and 23. 
According to Cram's rule of steric contro1,ll the threo 
amine 22 was predicted to be the major isomer and the 
erythro amine 23 the minor isomer. 

(8) F. D. Gunstone, Adoan. O r g .  Chem., 1, 103 (1960). 
(9) E E .  Pfitzner and J. G. Moffatt, J .  Amer. Chem. Soc, 87, 56iO 

(1965). 
(10) G Zmeifel and H. C. Brown, Org React ,  13, 1 (1963). 
(11) D. J. Cram and F. A .  Abd Elhafez, J. Amer. Chem. S o c ,  74, 5828 

(1952). 
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19 20, X = OH 21 
22, X = NHZ.HC1 
24, X =OS02CH3 

R = CHZCCH; 

I,AH reduction of oxime 21 resulted in a mixture 
(75 : 25) of the desired amines 22 and 23, respectively. 
Poor yields and difficulty in the separation of products 
from this reaction led to the investigation of more 
stereospecific reactions. 

H 

c?$Q(oR OR 

x 
23, X = NH,.HCI 
25, X = N, 

Sodium bis(2-meth0xyethoxy)aluminum hydride 
reduction of oxime 21, according to the general pro- 
cedure of Razarit,'? resulted in formation of the threo 
amine which wab isolated as the HC1 salt 22. No 
detectable amourit of the corresponding erythro isomer 
23 was observed. Removal of the benzyl ether pro- 
tecting groups from 22 was achieved by catalytic 
hydrogenation to > ield the desired threo-2-amino-3- 
(:3,4-dihydroxyphenyl)butane~ HC1 (4). 

stereospecific synthesis of the erythro amine 3 
\\:is achieved by utilizing the threo alcohol 20. The 
treatment of 20 vith ,\IsCl iri pyridine afforded the 
mesylate 24 which on diiplacement using YH3 :it 
elevated temp and pressure resulted iri poor yields of 
the erjthro amine 23. iZ niajor side product from thc 
reaction \\as f~~ans-2-(.3,4-diberizyloxyphellyl)-2-bute~i~~ 
( lo) ,  which vas formed by :L trans elimination of the 
mesylate function. 

Thr problem of elimiriation and formation of the 
trans olefin 10 was minimized by displacement of the 
mesylate function using K3-. Treatment of 24 with 
S a K 3  in I13IP' at elevated temp afforded the desired 
crythro azide 25, I\ hich on I,AH reduction resulted in 
the formation of the desired erythro amine which was 
isolated as the HC1 salt 23. Amine 23 n-as shown to 
bc ideiiticd i n  all respects ni th  the minor product 
obt:iined from the JAH reduction of the oxime 21. 

Catdytic hydrogenation of 23 resulted in the removal 
of thc benzyl ether protecting groups and afforded the 
erljthro- 2-amirio- 3 -  (3,4- dihydroxypheny1)butarie. HC1 
(3). 

Biological Results.-Table I1 lists the observed rate\ 
:md reliLtivc r:iteq of 0-methylation by catechol-0- 
methyltraniferaie j (COlIT)  of the a-methylnore- 
pinephririe aria log^ 1 and 2, the a-methyldopamine 

(121 V. Harant ,  R I .  Lapka,  M.  Cerny, V. Chvalovsky, K .  Kockioefl, RI. 

(13 )  13.  Nikadejevic. S. Senoh, J. \V. I>aly, and C .  It. Creveling, J .  
Kraris, and -1. RIalek, S'etrohedron Left . ,  3303 (1968). 

I'hurmacol. R x p .  Ther., 174, 83 (1970). 

TariLi.: I1 
CATECHOL-0-METHYLT 

nmuies of 
j,roduct/lO Relative 

Compd Configuration mind rates 

I* Threv 9 ,  S i  1 . 4 1  
Erythru 17.54 2 . 4 9  2 h 

I>opaInirieb 2S.41 4 . 0.f 
L-Norepinephrine' 7 .  03 1 , 00 

:<I' Erythro 34 ,  ss 3 ,  .i4 
4h Threo 11.71 I .G7 

.Lssay conditions. The assay mist coittd the follow-iiig coin- 
ponents (in pmolesj added in  this sequence: 1 1 2 0 ,  so th:it t h c  
final vol was 0.5 ml; LIgC12 ( 1 . 0 ) ;  sodium phosphate bufTer, 1111 
8.0 (50); S-adenosyl-~,-methioriiiie ( 0 . 5 ) ;  0.1 piCi of S-aderiosyl- 
~,-methioriiiie-~T and substrate (0.1 j .  Final substrate conm 
was 2.0 x 10V4 31. h z y m e  prepn, piirified by proretliii,e of 
B. Nikadejeviv, S. Herioh, J. W'. llaly, arid C. 1:. Creveliiig, c J .  
Pharmacol. E r p .  ?'her., 174, 83 (IWO), coirtd X.7 nig of pi .ot(%ii i , '  

rnl. 
cubated for 10  min at s i " .  
of 0.5 nil of 0.5 .I1 borate biiffer, pI-1 10.0, xid the mix1 was t~sttf 
with 10 in1 of PhAIe-i-.4mOII (3:2j. Followirig c~oiitrifiigat ion,  
an aliquot (6 1111) of the org phase sa.: iraiisferred t o  a sriiil i h -  
t ion vial, :t diosaiie-t)ased phosphor eolii ( 1 0  i d )  w:ts added, : i r i d  
the radioactivity was measiired i r i  a sciiitillaticiri sl,ectrophcilc)tri.- 
eter. 
carryiiig 0111 the  reaction withoiit siit)sir:tte. I' I1C1 ~ a l t ,  Ili- 
tartrate ,salt. 

The reaction was started bl- the add 
The reaction 

The i,ehiilts \vere corrected for blank v:ilr~es obtaiiicd 

0.1 rril of enzyme ':tss:i>-. 

analogs 3 and 4, dopamine, arid L-iiorepinephnrie. 
Table I11 lists the K,, and relative TTma, dc- 
termined for the same siibqtratri. 

In the a-methylnorepiriephrine series the preferrrd 
conformation for the CONT 4 t t  appears to be that 
where the NH2, OH, and Ar groups are gauche as skio\\ 11 

by the activity of the erythro isomer 2. The activitj 
of 2 correlates well ui th  the activity observed for 
3(e)-amiiio-Z(e) - (3,4- dihydroxyphenyl) -trans- 2 ( 1 ~ ) - d r -  
d o l .  HCl,3 \\ hich has the same relative coriformatiori. 

Iri the a-methyldoptmine series the preferred con- 
formation for the COAIT site appears to be that \\her(. 
the KH? and Ar groups are completely staggered as 
shown by the activity of the er3thro isomer 3. The 
activity of 3 again correlates well n i th  the activity ob- 
served for 3(a)-amino-2(a)-(3,4-dihydroxyphetiyl)- 
trans-decalin. HC1,4 n hich has n fixed staggered COIL- 

format ion. 
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The high substrate specificity observed for the 
a-methylnorepinephrine analogs in the trans-decalin 
series3 was not as apparent in the butane series. This 
may be due to the fact that  the butane analogs 1 and 2 
do not possess completely fixed conformations as in 
the decalin series and one thus loses some of the con- 
formational specificity. It should also be noted that  
the conformation where the amino and OH groups have 
a dihedral angle of 180°, which possessed the very high 
activity in the decalin ~ e r i e s , ~  is not represented in the 
butane analogs. The conformations depicted by the 
Newman projections for 1 and 2 are based by analogy 
to the preferred conformations of ephedrine and 
$-ephedrine reported by Portoghese. He showed that 
in a variety of solvents, the ephedrines are intra- 
molecularly H bonded both as the free bases and salts.I4 
With the erythro isomer 3, J a b  = 7.7 HZ and in the 
threo isomer 4, J a b  = 9.3 Hz in D20. These data 
indicate the protons to be in a staggered conformation 
as opposed to a gauche form. 

Experimental Section? 
Pyrocatechol Diacetate (5).-Comniercially available pyro- 

catechol (60.0 g, 0.545 mole) was acetylated by the method of 
Heller and coworkers5 utilizing AczO to yield 90.4 g (867,) of 5, 
mp 61-63" (lit.5 63.5"). 
3,4-Dihydroxyacetophenone (6).-The method of Moede using 

pyrocatechol diacetate (5) (66.0 g, 0.294 mole) and AlC& (133.3 
g, 1.00 mole) and C6H&1 as a solvent afforded the desired 6: 
34.5 g (78%); mp 117-118" (lit.6 118-119"). 
3,4-Dibenzyloxyacetophenone (7).-To a soln of 3,4-dihydroxy- 

acet'ophenone (6) (45.00 g, 0.30 mole) in 900 ml of RlezCO under 
N, was added anhyd KzC03 (99.00 g, 0.72 mole) and PhCH2Cl 
(90.90 g, 0.72 mole). The reaction mixt was stirred for 4 days 
under reflux. After cooling to 25', the solids were removed by 
filtration and washed several times with 31e2C0. The combined 
hle2CO fractions were concd in vacuo to yield a semisolid mass 
which was dissolved in 1 1. of C6H6. The C5H6 soln was washed 
with 1 S NaOH, satd NaCl soh ,  and H20. The C6H5 soln was 
dried (LIgSOI) and the C5H6 was removed in vacuo to afford 94.0 
g of cryst material. Recrystn (CHCls-hexane) afforded 82.4 g 
(82.3%) of 7, mp 93-95". Anal. (C22H2003) C, H. 
cis-2-(3,4-Dibenzyloxyphenyl).2-butene (9).-To XIg turnings 

(2.19 g, 0.09 g-atom) under 32 was added Et1  (14.04 g, 0.09 
mole) in 100 ml of anhyd Et20 a t  such a rate as to maintain 
reflux. The reaction mixt was stirred a t  25' for 3 hr after which 
3,4-dibenzyloxyacetophenone (7) (20.6 g, 60 mmoles) in 150 
ml of anhyd C6H6 was added a t  such a rat,e as to maintain reflux. 
The reaction mixt was stirred a t  25' for 4 hr after which a s o h  
of satd N H X l  was added dropwise. The resulting aq s o h  was 
washed several times Rith CsH6 and the combined C& frac- 
tions were washed with satd NH4Cl soln and HzO. To the CsH6 
soln was added 10 g of anhyd >\.lgsOc and the resulting soln was 
stirred a t  25" for 16 hr. The desiccant was removed by filtra- 
tion and the CsHs was removed in vacuo ta yield 22.4 g of a red- 
dish oil. Crystn (hexane) afforded 15.85 g (787,) of 9, mp 57.5- 

threo-3-Amino-2-( 3,4-dibenzyloxyphenyI)-2-butanol~ HCI (13). 
-To cis-2-(3,4-dibenzyloxypheny1)-2-butene (9) (2.50 g, 7.3 
mmoles) in 50 ml of dioxane was added a soln of %SO4 (0.78 
g, 7.7 mmoles) in 5 ml of HzO while cooling the reaction mixt 
in an ice bath. The t'emp of the mixt was maintained a t  10-15" 
during the addition of NBS (1.33 g, 7.7 mmoles) in 15 ml of 
dioxane. After stirring the mixt for 6 hr at  10-15', H2O was 

59.5". Anal. (CzrH2402) C, H. 

t Melting points mere obtained on a calibrated Thomas-Hoover Uni-Melt 
and are corrected. I r  da ta  were recorded on Beckman IRlO and Perkin- 
Elmer 421 spectrophotometers, and nmr da ta  on a Varian Associates Model 
22-60 A spectrophotometer (TaIS). Microanalyses were conducted by Mid- 
ves t  Rlicrolab, Inc. ,  Indianapolis, Ind.. on an  F and M Model 185 C, H, N 
Analyzer, University of Kansas, Lawrence, Kan., and R4icroanalytical 
Laboratory, National Institutes of Health, Bethesda, Md.  Where analyses 
are indicated only by symbols of the  elements, anal. results obtained for 
these elements were within & 0.47, of the  theoretical values. 

(14) P. S. Portoghese, J .  M e d .  Chem., 10, 1057 (1967). 

added. The aq soln was extd several times with Et20 and the 
combined Et20 fractions were washed with satd NaCl soln and 
H20. The E h O  soln was dried (MgSO4) and the Et20 was re- 
moved to afford 3.2 g of 11, a yellowish oil. 

The crude bromohydrin was placed in a steel reaction vessel 
cooled in a Dry Ice-Me&O bath and ca. 100 ml of liq NH3 was 
added. The  vessel was sealed and allowed to remain a t  28' 
for 24 hr after which i t  was heated a t  15.5' for 30 hr. After 
cooling the vessel in a Dry Ice-Me&O bath, the pressure was 
released and the NH3 allowed to evap. The residue was dis- 
solved in CHC13 and filtered to remove solid impurities. The 
CHCI, was removed to afford 2.7 g of a reddish oil. Chromatog 
on silica gel by eluting with 5% MeOH-CHC13 afforded 1.50 g of 
a colorless oil. Formation of the HC1 salt and recrystn (abs 
EtOH) afforded 0.95 g (32%) of 13, mp 226-227". Anal. (CH-  
Hz8ClN03) C, H, N. 

threo-N-Acetyl-3-amino-2-( 3,4-dibenzyloxylphenyl)-2- butanol 
(14).-To AcOH (1 ml), NaOAc (50 mg), and threo-3-amino-2- 
(3,4-dibenzyloxypheny1)-2-butanol~HCl (13) (0.100 g, 0.25 
mmole) was added AcnO (2 ml). The reaction mixt was allowed 
to stir for 2 hr a t  25", after which HtO was added and the excess 
AczO was allowed to  decomp. The HnO layer was washed several 
times with EtOAc. The combined EtOAc fractions were washed 
with HZO, 5% HC1 soln, and satd NaCl soln. The EtOAc s o h  
was dried (MgSO4) and the solvent was removed to afford 0.082 
g of a semisolid product,. Thick-layer chromatog on silica gel by 
elut,ing with 27, MeOH-CHC13 afforded on recrystn (EtzO) 
0.034 g (337,) of 14: mp 120-121"; ir (KBr) 3330 (OH), 1640 
cm-1 (C=O); nmr ( C n c l ~ )  6 7..50-6.8.5 (m, 13 H, arom), 5.15 
(s, 4 H, benzylic), 3.97 (4, 1 H, C-3 CH), 1.93 (s, 3 H, amide CHI), 
1.51 (s, 3 H, C-1 CHI), 0.90 (d, 3 H, C-4 CH3). 
HzsNOa) C, H, N. 

threo-3-Amino-2-( 3,4-dihydroxyphenyl)-2-butanol .HCI ( I).- 
To threo-3-amino-2-(3,4-dibenzyloxyphenyl)-2-but~anol~ HC1 (13) 
(1.038 g, 2.5 mmoles) in 30 ml of anhyd MeOH was added 275 mg 
of 107, Pd/C under Nz. The reaction mixt was hydrogenated a t  
25" under atm pressure. The reaction was stopped after con- 
sumption of the theoretical amount of Hq. The catalyst was 
removed by filtration and the solvent was removed. The result- 
ing solid was recrystd (SIeOH-Et*O) to yield 0.566 g (9.5%) of 
1: mp 186-189"; nmr (CD30D) 6 7.11-6.87 (m, 3 H, arom), 4.18 

Anal. (CloH~~C1N03)  C, H, W. 
cis-2-(3,4-Dibenzyloxyphenyl)butane 2,3-0xide (12).-To 

cis-2-(3,4-dihenzyloxyphenyl)-2-butene (9) (2.50 g, 7.3 mmoles) 
in 50 ml of dioxane was added a soln of H2S04 (0.750 g, 7.7 
mmoles) in 5 ml of H,O while cooling the reaction mixt in an ice 
bath. The temp of the mixt was maintained at. 10-15' during 
the addn of NBS (1.22 g, 7.7 mmoles) in 15 ml of dioxane Aft'er 
stirring the mixt for 6 hr a t  10-18', H2O was added The H2O 
soln was extd several times with Et20 and the combined Et,,O 
fractions were washed with satd NaCl s o h  and HIO. The EtIO 
s o h  was dried (hIgSO4) and the Et20 was removed to afford a 
yellowish oil, 3.2 g. 

The crude bromohydrin 11 was placed in 3. steel reaction vessel 
cooled in a Ilry Ice-RIe&O bath and ca. 100 ml of liq NH3 was 
added. The vessel was sealed and allowed to remain a t  25" 
for 24 hr. After cooling the vessel in a 1)ry Ice-MenCO bath, 
the pressure was released and the NH3 allowed to evap. The 
residue was dissolved in CHClp and filtered to remove solid 
impurities. The CHC1, was removed to afford 2.45 g of a color- 
less gum: ir (neat) 1205 cm-1 (epoxide; nmr (CIX13) 6 7.55- 
6.85 (m, 13 H, arom), 5.10 (s, 4 H, benzylic), 2.85 (q, 1 H, C-3 
CH), 1.53 (s, 3 H, C-1 CH,), 1.33 (s, 3 H, C-4 CH,). The crude 
cis epoxide 12 was utilized without further purification. 

erylhro-2-( 3,4-DibenzyloxyphenyI)butane-2,3-diol (15). A. 
From cis-2-(3,4-Dibenzyloxyphenyl)-2-butene (9).-To a soln 
of Os04 (1.00 g, 3.94 mmoles) in 15 ml of anhyd T H F  was added 
a soln of cis-2-(3,4-dibenzyloxyphenyl)-2-butene (9) (1.27 g, 
3.60 mmoles) in 15 ml of anhyd T H F  and 1 ml of anhyd C61&N. 
The reaction mixt was stirred a t  25" for 24 hr after which 20 ml of 
anhyd Et20 was added. H B  was bubbled through the reaction 
mixt, and the black ppt formed was removed by filtration. The 
Et20 was removed in vucuo to afford a reddish oil which crystd 
after the addition of a few drops of EtOAc. Itecrystn (CHC13- 
hexane) afforded 0.910 g (677,) of 15: mp 84-83.>"; ir (KBr) 
3330 cm-l (0-H); nmr (CDC1,) 6 7.65-6.92 (m, 13 H, arom), 
,5.18 (s, 4 H, benzylic), 3.89 (9, 1 H, C-3 CH), 1.41 (s, 3 H, C-1 

B. From cis-2-(3,4-Dibenzyloxyphenyl)butene 2,3-0xide (12). 

A n d .  (C26- 

(4, 1 H, C-3 CH), 1.65 (s, 3 H,  C-1 CHI), 0.96 (d, 3 H, C-4 CH3). 

CH3), 1.04 (d, 3 H, C-4 CH3). Anal. (C24H2604) C, H. 
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-To cis-2-(3,4-dibeiizyloxyphenyl)butene 2,3-oxide (12) (2.35 
g, 7.3 mmoles) dissolved in 225 ml of DMSO was added dropwise 
a solii of 75 ml of H20 and H,SO, (0.300 g, 3.0 mmoles) final 
concn, 0.02 A' HnSOa). The reaction mixt was stirred at 25' for 
3 hr after which HZO was added. The aq s o h  was extd several 
times with CsHn aiid the combiiied CsH6 fractions were washed 
with HQO arid satd NaCl s o h .  The C ~ H G  sohi was dried ( l IgS04)  
and the CSH6 was removed to afford 2.35 g of a colorless oil. 
Chromatog on silica gel by eluting with CHC13 afforded, after 
recrystn (MeaCO-hexane), 1.55 g (567%) of 15, mp 84-85.5'. 

erythro-3-Amino-2-( 3,4-dibenzyloxypheny1)-2- butanol HCI 
(18).-To eryfhro-2-( 3,4-dibenzyloxyphenyl)butane-2,3-diol (15) 
(1.00 g, 2.7 mmoles) in 12 ml of anhyd CBBB?i, cooled in an ice 
bath, T\ as added 31eS02Cl (0.500 g, 4.4 mnioles) in 2 ml of anhyd 
C6FIBN. The reactioii mixt was allowed to remain in the freezer 
for 16 hr after which HQO was added. The aq s o h  was extd 
several times with EhO and the combined Et& fractions were 
washed n i th  HgO and satd XaC1 soln. The Et20 s o h  R ~ S  dried 
(AlgSO4) and the Et20 \vas removed to yield 1.20 g of 16, a color- 
less gum. 

The crude mesylate wa.3 placed in a steel reaction v e d  cooled 
iii a Urj- Ice-Me&O bath and ea. 100 ml of liq KH3 was added. 
The vessel was sealed and allowed to remain at  23" for 16 hr after 
which it, was heated a t  1.50-160" for 36 hr. After cooling in :i 

I)ry Ice-31erC0 bath the vesel  was opened and the NH3 was 
:illowed to evap. The residue was dissolved in CHC13 and fil- 
tered, and the CHC1, soln wa,> dried (AlgSO,). The CHC1, 
w:is renioved to yield 1.03 g of a dark red oil. Chromatog 011 

silica gel, eluting with 5% h1eOH-CIICl3, afforded 0.750 g of a 
colorless oil. Formation of the HC1 salt arid recrystii (EtOH- 
Et&) afforded 0.302 g (44..irj;) of 18, nip 137~130". d n a i .  
(CurHrxCINOJ) C,  11, N.  .. ~. 

erythro-3-Amino-2-( 3,4-dihydroxyphenyl)-2-butanol .HCI (2). 
-To erythro-3-amino-2-( 3,4- dibenzyloxypheiiyl) -2-bu tanol . HCI 
(18) (1.00 g, 2.41 mmoles) in 30 ml of anhyd LIeOH was added 
275 ing of 10TG Pd/C iinder S 2 .  The reaction mixt was hydro- 
genated at "3" wider atm pressure. The reaction was stopped 
after consumption of the theor amt of €I,. The catalyst was 
removed by filtratioii and the solvent removed in vacuo. The 
resultiiig solid was re (EtOH-EtyO) to yield 0.303 g (90:; 1 

C1)3OI)) 6 7.14-6.G (in, 3 H ,  arum), 
t3.48 ((1, 1 If, C-3 CH), 1.55 (s, 3 11, C-1 CHI), 1.28 (d, 3 H, C-4 

threo-3-( 3,4-DibenzyloxyphenyI)-2-butanol (20).-To a s o h  
of YaBH, (0.102 g ,  2.69 mmoles) and cis-2-(3,4-dibeiizyloxy- 
pheriyl)-2-b\ilene (9) (2.060 g, 6.00 mmoles) in 30 ml of anhyd 
diglyirie was added dropwise a soln of BF3,EtnO (0.510 gj  3.60 
mmoles) iii 10 ml of Diglgme. The reaction mixt was cooled to 
maiiitai~i the temp at  ca. 20" during addition. I t  was stirred at  
25' for 1 hr after which 3 nil of H20 was added dropwise to de- 
camp the excess hydride. The intermediate organoboraiie was 
oxidized :it :35' by the immediate addition of 4 ml of 3 *Y NaOR 

ise addition of 4 ml of 305 ,  H20r aolii. The 
.tirred fur 2 hr  at 2.5" aiid then estd with 100 
ethereal est was wa>hed -5 times with e q d  

anit3 uf ice H 3 0  to remove Uiglynie arid dried (3lgSO4) after 
which the solvent wa. removed to yield a colorless oil, 2.20 g. 
Chromatog on  silica gel, eluting with CHC13, afforded 1.S2 g 
(s,jS) of 20, a colorle~s oil: i r  (nea t )  3520 cm-' (OH);  nmr 
(Cl )C l l a )  6 7.6.5-7.1s ini, 13 H, arom), 3.20 (s, 2 H, benzylic), 
,\.l,j (s, 2 H,  benzylic), 3.71 (m, 1 11, C-2 CH), 2.62 (m, 1 H, 

Anal- 

3-(3,4-Dibenzyloxyphenyl)-2-butanone (19). A. From 
ery fhro-2- (  3,4-Dibenzyloxyphenq I)butane-2,3-diol (15).-To 
erythro-2-( 3,4-dibeiizyloxypheiiyl)butaiie-2,3-diol(15) (2.00 g, 5.30 
mmoles) i i i  125 nil of aiihj-d CeH, was added p-TsOH (0.030 g). 
The reaction mixt wis refluxed for 12 hr iising a Dean-Stark 
trap to collect the H r O  formed. The CsH6 was washed with 
.j(;; ?rTaHC03 aolii and HrO. The CeH6 soln was dried (hIgSO4) 
and the holveiit was removed t<J yield :I yellowish oil, 1.95 g. 

etone w i s  purified ti>- formation of the oxime to yield 
ti1 (EtyO) 1.327 g (66..55;) of 19: ir (neat) 1710 

cm-' (C=O). 
B. From threo-3-(3,4-Dibenzyloxyphenyl)-2-butanol (20).- 

Conipd 20 (0.55 g, 1.45 mmoles) was dissolved in 5 ml of anhyd 
1>31SO aiid 4 ml of anhyd c&6 coritaiiririg DCC (0.90 g, 4.33 
mmoles). ;Iiihyd o-H3POa (0,010 g, 0.1 mmole) in 0.5 ml of 
1131SO way added and the reaction mixt was stirred a t  25' for 
12 hr. EtzO (50 ml) was added followed by a s o h  of oxalic acid 

of 2: mp 180-1Y2" ; 

CH,). 4 n ~ / .  (C~OHIBC~NOI) C, H, E. 

CH), 1.20 (d, :3 H, C-l CH3)) 1.13 (d, 3 T I ,  C-4 CHa). 
ubtairied on niesyhte derivative 24. 

Anal. 2>,4-I)SP deriv (CSOH&40a) C, €1, N.  
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(MgS04), and the solvent was removed to yield 1.28 g of 25, 
a yellowish oil, ir (neat) 2110 cm-1 (azide). A s o h  of LAH (0.570, 
15.0 mmoles) in 25 ml of anhyd Et20 was refluxed for 2 hr after 
which the crude azide 25 in 50 ml of anhyd Et20 was added a t  
such a rate as to maintain reflux. The reaction mixt was re- 
fluxed for 2 hr after which "wet" Et20 followed by H20 was 
added to decomp the excess LAH. The aq layer was extd several 
times with Et20 and the combined Et20 fractions were washed 
with HzO and satd NaCl s o h  and dried (MgSOI), and the solvent 
was removed to yield a colorless oil, 1.525 g. Chromatog on 
silica gel, eluting with 5 7 ,  ;\IeOH-CHC13, afforded a colorless oil, 
0.850 g. Formation of the HC1 salt and recrystn (EtOH-EtlO) 
afforded 0.567 g (31%) of 23, mp 132-134". 

erythro-2-Amino-3-( 3,4-dihydroxyphenyl)butane. HCI (3).- 
To erythro-2-amino-3-( 3,4-dibenzyloxyphenyl)butane~ HC1 (23) 
(0.200 g, 0.5 mmole) in 5 ml of anhyd h k O H  was added 50 mg of 
10% Pd/C under N,. The reaction mixt was hydrogenated a t  
25" under 1 atm of Ht. The reaction was stopped after con- 
sumption of the theoretical amt of Hz. The catalyst was re- 

moved by filtration and the solvent was removed in vucuo. The 
resulting solid was crystd (MeOH-Et20) to yield 83 mg (797,) 
of 3 :  mp 254-258"; nmr CDsOD 6 6.83-6.63 (m, 3 H, arom), 
3.39 (m, 3 H, C-2 CH), 2.85 (m, 1 H, C-3 CH), 1.33 (d, 3 H, 
C-1 CH,), 1.15 (d, 3 H, C-4 CH?). Anal. (CloHlsCISOt) C ,  H, 
N. 
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The synthesis and antiinflammatory activity of 1- [2-(dimethylamino)ethyl]-2,2-dimethyl-l-acenaphthenecar- 
The nature of the products obtained during attempted cyanide displacement re- boxamide (2) are presented. 

actions on l-bromo-2,2-dimethylacenaphthene (14) under a variety of conditions is described. 

The synthesis and antiinflammatory activity of a- 
isopropyl-a- [2-(dimethy1amino)ethyll- 1 -naphthylacet- 
amide (1) has been reported.2 If one envisions forma- 
tion of a bond between the central C atom of the side- 
chain i-Pr group and the C-8 position of the naphthalene 
ring of 1, then the acenaphthene 2 is derived. I n  this 
paper, we describe the synthesis and antiinflammatory 
activity of this "bridged" compound, as well as the 
chemistry of some intermediates. 

:&A 

00 00 
1, 2 

Our successful approach utilized the alcohol 3 as 
starting material.3 Sarett4 or Cornforth oxidation6 
of 3 led t o  the recovery of 3 as the major product'. 
MnOz (active) oxidation6 of 3 gave a mixture of 3 and 
t,he ketone 5.3 Oxidation of 3 with Jones reagent' gave 
the carboxylic acid 4, along wit'h 5 .  The ketone may 
arise from oxidative cleavage of the benzylic C-C bond 
of 3 or by further oxidation of 4. The acid was con- 
verted into a nit'rile (8) in the usual manner, and then 

(1) For part 1, see A .  I .  Cohen. I .  T .  Harper, and S. D .  Levine, Chem. 

(2) S. Casadio, G .  Pala, T .  Bruzzese, E. Crescenzi, E .  Marazai-Uberti, 

(3) 4. Bosch a n d R .  K .  Brown, Can.  J .  Chem., 46, 715 (1968). 
(4) G .  I .  Poos, G. E.  Arth, R. E.  Beyler, and L. H .  Sarett, J .  Amer. Chem. 

( 5 )  R .  H .  Cornforth, J. W. Cornforth, and G .  Popjak, Tetrahedron, 18, 

(6) 1. T. Harrison, Proc. Chem. Soc., 110 (1964). 
(7) A .  Bowers, T.  G .  Halsall, E .  R. H .  Jones, and A .  J .  Lemin, J .  Chem. 

Commun.,  1610 (1970). 

a n d G .  Coppi. J .  Med.Chcm., 8, 594 (1965). 

SOC., 76, 422 (1953). 

1351 (1962). 

Soc., 2555 (1953). 

alkylated with dimethylaminoethyl bromide to give 9. 
When 9 was treated under the same drastic acidic con- 
ditions employed for the hydrolysis of the corresponding 
nitrile in the synthesis of 1,*  a multicomponent mixture 
(6 spots, tlc) was obtained in 257,  yield. Attempted 
hydrolysis of 9 with H202 in SH40H was also unsuccess- 
fuL8' While PPA is an excellent reagent for the hy- 
drolysis of unhindered aromatic nitriles, it has been 
found unsuitable for use with sterically hindered ni- 
t r i l e ~ . ~  Severtheless, exposure of our hindered nitrile 
9 to PPA gave the amide 2 in over '70% yield. 

: 8 R H  :a 
00 00 

3, R = CH,OH 
4, R = COIH 
6, R = COCl 
7, R = CONH, 
8,R'CN 

5, R = O  

9, R =  cNMe2 
We had originally sought to  prepare 8 in a more direct 

manner by displacement of a suitable acenaphthyl 
derivative with CN-. Reduction of 5 with SaBH,  
gave the alcohol 10 that  was treated with TsCl in pyri- 
dine to afford 11. The formation of such salts from 
aryl carbinols and allylic hydroxy steroids has been re- 
ported Treatment of 10 with TsCl in DlI1: 

(8) R .  L .  Tolman, R I<. Robins, and L .  B. Townsend, J .  Amer. Chem. 

(9) H .  R .  Snyder and C.  T .  Elston, ib td . ,  76, 3039 (19541. 
(10) K .  L .  Nagpal, P. C. Jain, P. D .  Srivastava, AI. bl.  Dhar, and N. 

(11) 5. B.  Laingand P.  J. Sykes, J .  Chem. SOC. C ,  421 (19681. 

Soc. ,91 ,  2102 (1969). 

Anand, lndian  J .  Chem.,  6 ,  762 (1968). 


