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Epimeric 2-methyl-~-phenyl-3-carbethoxy-2-azabicyclo [ Z . Z .  11 heptanes were elaborated from Ti,O,O-tritosyl- 
hydroxyprolinol, arid the stereochemistry was determined from physicochemical studies. The benzoquinone- 
induced writhing test indicated the endo-phenyl epimer to be twice as potent as meperidine and six times more 
potent than the ezo isomer. I n  terms of brain concentrations, however, the endo-ezo potency ratio is 3.7. Evi- 
dence is presented which quantitatively relates difference in brain levels between the epimers to their partition 
coefficients. The large difference in geometry between the exo and endo epimers suggests that  their comparable 
activities are due to  differing modes of interaction with analgetic receptors. 

The importance of steric factors on the action of 
strong analgetics has received considerable a t t e n t i ~ n . ~  
l los t  of the research in this area has been focused on 
the relationship between absolute stereochemistry of 
conforniatioiially mobile compounds and analgetic 
activity. Khile it is generally believed that differ- 
ences in potencies which are observed with enantiomeric 
analgetics are a consequence of events at the receptor 
level, the role of conformational factors in influencing 
analgetic activity has remained c ~ n t r o v e r s i a l . ~ ~ ~  

The recognition6 of the structural relationship be- 
tween morphine and meperidine led to the postulate' 
that  the axial-phenyl conformer of meperidine would 
be expected to "fit" the receptor surface better than 
the equatorial conformer. This conclusion was based 
on the known conformations of the phenylpiperidine 
moiety in morphine, n hich contains an aromatic group 
that is held rigidly in an axial position relative to the 
piperidine ring, 

Evidence consistent with this view' was obtained 
from the stereostructure-activity relationship of pro- 
dine diastereomers. As it was known9 that p-prodine 
is more potent than the a isomer, it nas  concluded that 
this was because the Conformational equilibrium for 
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the former analgetic favors more of the axial species 
than the latter. 

On the other hand, the norli of Ziering, et al.,9 sug- 
gested that the steric relationship of the phenyl group 
with respect to the piperidine ring is of inininial im- 
portance. This was supported by the fact that the 
3-ethyl analogs show a reversal in the potency ratio 
when compared to the prodines. Since modification 
of the 3 substituent froni methyl to ethyl to allyl 
should cause only minor changes in the conformational 
equilibria, this suggests that other overriding factors 
are responsible for the differences in potency between 
cis and trans racemates in the prodine series. This is 
supported further by a recent studylo on the brain con- 
centrations of a- and 0-prodine in rats. It has been 
found that higher brain levels of p-prodine fully account 
for the observed difference i n  potency9s1l between the 
a and p isomers. 

Analysis of the stereostructure-activity relationship 
of other conformationally mobile, p r~dine- type '~- '~  
analgetics also suggested4 that both equatorial- and 
axial-phenyl conforniations have the ability to produce 
comparable analgetic activity. 

The question of the identity of a favorable pharniaco- 
phoric conformation for the piperidine ring in 4-phenyl- 
piperidine analgetics also remains unansn ered. The 
Tt-ork of Bell and A r ~ h e r ' ~ ~ ' ~  on the analgetically active 
tropane analog (1) of meperidine suggests that this 
compound may exist primarily in the boat Conformation. 

Although the above analyses suggest that the con- 
formational requirements of the aromatic group in -& 

(10) H. J. Kupferberg and P. 9. Portoghese, unpublished data .  
(11) N. B. Eddy,  H .  Halbach, and 0. J. Braenden, Bull .  Il'orld Heal th  
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(14) 0. 1. Sorokin. I z v .  A k a d .  .\'auk S S S R ,  460 (1961). 
(15) hf. R. Bell and S. Archer, J .  Ana. Chem. Soc., 82, 4638 (1960). 
(16) RI. R. Bell and S. Archer, ihid., 82, 151 (1960). 

Organ., 14, 363 (1956). 

Khim., 26, 2T98 (1956). 
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isomers, the mixture of isomers derived from the cy- 
clization reaction was found to consist of 60y0 Sa and 
40% Sb. 

The assignment of stereochemistry for the two di- 
astereomers (Sa, b) was based on the product ratio, 
their relative affinities for alumina, and other physico- 
chemical data obtained from compounds derived from 
Sa and Sb (Table I). 

TABLE I 
CRITERI.~ EMPLOYED I N  THE STEREOCHEMICAL ASSIGXYENT OF 

5-SUBSTITCTED 2-AZABICYCLO [2.2.1] HEPT.ZKE EPIMERS 
Epimer Epimer 

Compd Criterion a b 

8 Prodrict yield, yo 60 40 
8 Rr value5 0.69 0.36 

5 Basic pKaC 8 .35  8.19 
16 Hydrolytic rates,* hr 74 52  

15 Acid pKSc .5.32 5.08 
a Obtained on neutral alumina with CeHS-CHCla (10:3) as 

solvent. * Expressed as half-life. Determined on the HC1 
salt in 3IeOH. 

The isomer which was obtained in greater yield was 
assigned the em-phenyl configuration (Sa). The exo- 
phenyl isomer should be favored if one makes the 
reasonable assumption that the transition state more 
closely resembles the product than the starting material. 
Since the steric bulk of the phenyl group is much greater 
than that  of the nitrile substituent,22 transition state 
l l a  should be favored over l l b  because the endo is 
more hindered than the ex0 position.23 

In  support of this assignment, Sa was found to possess 
a higher Rf  value on both neutral and acidic alumina 
with a variety of solvents. Since the nitrile substituent 
is more polarizable than the phenyl group, the difference 
in adsorptive capacity between the two isomers can 
be attributed to the greater accessibility of the former 
substituent. The compound Sa containing the sterically 
more hindered nitrile group, therefore, should have the 
higher Rr value. 

Hydrolysis and detosylation of each of the pure iso- 
mers (Sa, b) was carried out by refluxing in aqueous 

(22) E. L. Eliel, P;. I, Illinger, S. J. \ngLal, and G 4. Morri-on, "Con- 
formational Xnal)sis," Interscience Publishers, Inc., New York, N. \'., 1963, 
P .GI 

(23) For leading references, see E. L. Eliel, "Stereochemistry of Carbon 
Compounds," hIcGrav-HiIl Book Co., Inc., Ne\\ York, iX. Y., 1962, p 303. 

sulfuric acid. The em-phenyl isomer afforded a crystal- 
line product directly from the reaction mixture which 
mas identified as the tosylate salt of 12a. The fact that  

R@Ts KTs R A  NH R A  NMe 

I 

R' RL R' 
l l a ,  R = P h ;  12a, R = P h ;  15a, R = P h ;  

It' = CK It' = COOH R' = COOII 
b. It = C Y :  b. R = COOH: b. R = COOII: 

R' = Ph R' = Ph R' = Ph 

the tosylate, rather than the sulfate salt, was isolated 
is most likely due to the greater solubility of the latter. 
Treatment of the enclo-phenyl compound under the 
same conditions gave both the tosylate and sulfate 
salts of 12b. The free amino acids were generated from 
the salts by ion-exchange chromatography. 

It was found that solutions of the tosylate or sulfate 
salt of 12b afforded the free amino acid as a crystalline 
precipitate upon treatment with pyridine. This proce- 
dure failed to generate the em-phenyl acid (12a) from 
its salt, which was recovered unchanged. The different 
properties of these salts were utilized in separating the 
mixture of amino acids (12a, b) obtained by hydrolysis 
of the mixture of Sa and Sb. This procedure avoided 
the laborious chromatographic separation which was 
carried out prior to this discovery. 

Since the hydrolysis of the S-tosylnitriles was con- 
ducted under vigorous conditions, i t  was necessary to 
ascertain whether the bicyclic system was still intact. 
This was accomplished by resynthesizing Sa and Sb in 
four steps from the corresponding amino acids (12a, b). 
Tosylation of each isomeric amino acid gave the N-tosyl 
acids (13a, b) which mere converted to the amides 
(14a, b) by treatment with thionyl chloride and then 
ammonia. Dehydration of 14a and 14b afforded Sa 
and Sb, respectively. Thus, it is apparent that  no 
skeletal changes had occurred during the hydrolytic 
step. 

Treatment of amino acids 12a and 12b with formalde- 
hyde-formic acid yielded the methylated derivatives 
(15a, b). The ethyl esters (5a, b) were prepared in the 
conventional fashion via the acid chloride. 

For the purpose of obtaining further evidence for 
the stereochemical assignment of Sa and Sb, the methyl 
esters (16a, b) were prepared and their hydrolytic rates 
were determined. It was found (Table I) that  16a 
was hydrolyzed a t  a slower rate than 16b. This is 
expected in view of the more hinderedz3 nature of the 
enclo-carbomethoxy group in 16a. 

The dissociation constants (Table I) of 5a and 5b 
also are in accord with the proposed stereochemistry. 
The former isomer is a stronger base by 0.16 pK, 
unit. According to current concepts,24 the differences 
in basicity between certain diastereomeric amines are 
a reflection of the relative abilities of the conjugate acid 
to form intramolecular hydrogen bonds with a neighbor- 
ing, proton-acceptor group. Presumably, internal 
hydrogen bonding stabilizes the protonated form of the 
amine, and this results in enhanced basicity. Steric 
factors may either prevent, weaken, or facilitate such 
hydrogen bonding. This principle has been employed 

(24) For leading references, see J F. King in "Technique of Organic 
Chemistry," Pa r t  I ,  Vol. XI ,  Interscience Publishers, Inc., S e w  York, N. Y . ,  
1963, Chapter V I ,  p 318. 
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TABLE IV 
BR.US-PL.ISM.L l lanos  OF exo AKD endo ISOMERS 

O F  2-h~ETHYL-~-PHENYL-.j-C.kRBETHOSY- 

2-AZABICYCLO [2.2.1] HEPTANE 

Time," 7-- Ratio (brain-plasma)---- 
inin em-Phenyl (Sa) endo-Phenyl (5bj 

) 0.91 1.87 
1 .i 1.76 4 .  l t7  
:lo 2 .81  4 .36  
4 .i 3 . 3 4  6 . 0 0  
60 3.72 6 . . i 3  

120 4 . 2 4  4.43 
Time period after subcritaneoits administration of drng. 

than 3 min, n-hile the value for the e m  isomer requires 
a longer period, supports the idea that the rate of 
passage into the brain substance is governed by the 
lipid solubility of the compound. Since brain/plasma 
ratios greater than unity occur quite quickly, it is not 
likely that metabolism of the drug in the plasma con- 
tributes significantly to the high ratios, although at  
later time intervals it is conceivable that this may be 
an important factor. In  view of the high lipid content 
of the brain, one possible explanation for the high 
brainlplasma ratios may be related to the partitioning 
of the isomers into a lipoidal fraction of the brain. 
Another possibility would be the operation of an active 
transport system into the brain. 

If the meperidine analogs are true narcotic anal- 
g e t i c ~ , ~ ~  this means that there is a low conformational 
requirement for meperidine-type compounds. The 
distance between the center of theDaromatic ring and 
the basic nitrogen ino5a is about 6 A, whereas in 5b it 
is approximately 4 A .  From a thermodynamic view- 
point, a factor of 3 or 4 in potency is not great when one 
considers the large difference in geometry and distance 
between critical moieties in these isomers. The minimal 
conformational requirements for analgetic activity3' 
can be rationalized in terms of differing modes of inter- 
a c t i o ~ i ~ , ~  with analgetic receptors. I n  this connection 
it is important to point out that the apparent lack of 
conformational specificity does not necessarily imply 
that this will also be the case in highly potent analgetics 
where specific, short-range attractive forces between 
drug and receptor conceivably may be involved. 

Experimental Section32 
2-Tosyl-5-phenyl-5-cyano-2-azabicyclo[2.2.l]heptane (8a, b). 

--A solution of 58.5 g (0.5 mole) of phenylacetonitrile in 130 ml of 
peroxide-free T H F  wah added over a 30-min period to ?JaSHY 

( 3 1  j Although the  induced-writhing procedure has been employed ex- 
tensively for evaluating analgetic activity, i t  has been reported (H. F. Fraser 
and  L. S. Harris, Ann. H e r .  Phnrmacol., 7 ,  277 (19671, and references cited 
therein) tha t  protection against irrithing is not limited to  narcotic analgetics. 
I'or this reason, it cannot he stated unequivocally tha t  Sa and Sb are True 
narcotic analgetics. Unfortunately, the  supply of Sa and Sb became ex- 
Iiausted, and  this precluded further testing to firmly establish the nature of 
the  protection against benzoquinone-induced writhing. 

( 3 2 )  Uelting points (Thomas-Hoover capillary melting point apparatus) 
are corrected. T h e  ir  spectra \rere obtained with a Perkin-Elmer 237U spec- 
trophotometer, mull or Kl3r disk. T h e  nmr da ta  (ppmj  mere obtained 
with a Varian A-60 spectrometer using CDCh as solvent and  T b I S  as internal 
standard.  Specific rotations v e r e  determined with a Perkin-Elmer 141 
polarimeter. Xoleciilar weights were determined with a Hitachi HMU-6D 
mass spectrometer. Radioactivity mas measured on a Packard 3214 liquid 
scintillation spectrometer. K h e r e  analJ-ses arc indicated onls  b y  sym1)oIs 
of the elements, analytical results obtained for those elements were within 
i 0 . 4 Y  of the  theoretical ralues. T h e  ir and  nmr da ta  of all of the  corn- 
pounds were cunsistent with the  proposed structures. 

freshly prepared from 9.2 g (0.4 g-atom) of S a  in 600 ml of liquid 
NH3. This was carried out under N233 as was the remainder of 
the procedure. The SHS was allowed to escape, arid a solution 
of 58.0 g (0.1 mole) of 62 in 550 ml of peroxide-free THF was 
added over a 20-min period. The mixture was heated slowly to 
remove the remaining SH, arid then allowed t'o reflux for 18 hr. 
The cooled mixture was t,reated with 20 g of ?JH4C1 followed by 
10 ml of H20, then stirred arid refluxed for 15 mill and filtered 
hot. The filtrate was evaporated in z " x o  to afford ai1 oily residue 
which was dissolved in CHC13 and washed successively with 2 
>Y SaOH, 2 S HCI, and H,O. After drying (SazS04),  the solvent, 
was removed, and the mireacted phenylacetoiiitrile was distilled 
in vacuo. The residue x a s  dissolved in a miiiimum of boiling 
lIeOH, decolorized (activated charcoal), and cooled. The yield 
of the mixture of 8a and 8b, mp 143-168", [ a l Z 5 D  +13.9' (c 
1.46, CHCIS-EtOH, 1 : l), was 26.65 g (75.3% ). 

The mixture was chromatographed on a column of 750 g of 
acidic alumina (Woelm, grade 1)  using petroleum ether (63-68" ) 
initially, and gradually changing the solverit polarity to  a final 
mixture of 1 :2  petroleum ether-Etz0. The total voliime of SCJI- 
vent was 139 1. collected iii fractions at  a rate of 1 1./25 niiii. 
Removal of holveiit from fractioiis 33-68 arid crystallizatioii of 
the residue from MeOH yielded 4.79 g of 8a: mp 168-170"; 
[ a I z 5 ~  +37.1° (c 1.28, CHCI,-EtOH, 1 : l ) :  A,,, 4.38 ( C S ) ,  
6.20 (aromatic), 7.38 and 8.50 p (KS02).  The iimr spectriirr 
showed no vinyl protons arid the correct ratio of aromatic to 
saturated protons. Anal. (C20H,~S,0,S) C, H, K, S, mol wt. 

Removal of solvent from fractioiis 95-139 afforded a residue 
u-hich was crystallized from NeOH to yield 2.32 g of 8b: mp 
175-177'; [ a ] * % ~  -20.9' (c 1.37, CHCh-EtOH, 1 : l ) :  A,,, 
4.58 (CY), 6.20 (aromatic), 7.44 and 8.65 p (SSO,). The nmr 
spectrum showed the correct ratio of protons and no vinyl- 
proton absorption. Anal. (C20H2,N,028) C, H,  N, S, mol wt. 

When the above react,ioii was carried oiit with 1 eqiiiv of pheiiyl- 
acetonitrile and 2 equiv of NaSH?,  there was obtained S-tosyl-2- 
methylpyrrole (lo), mp 93-94", in 24% yield; A,,,, 6.30 (aro- 
matic), 6.40 (pyrrole), 7.42 and 8..% p (?;SOY); nmr (CDCI,), 
pyrrole Me (2.33, singlet), Ar 3Ie (2.42, singlet), pyrrole protons 
(H,, 6.01, mulitplet; Ha, 6.20, triplet: Ha, 7.33, doublet), 
aromatic (H, aiid H,, 7.33, doublet; H, and Ha, 7.73, doublet). 
dnal.  (C,,H,,K02S) H, T\T, S; C: calcd, 61.23; foimd, 61.75. 

(IS: 4R : 5S)-5-Phenyl-5-carboxyl-2-azabicyclo [2.2.1] heptane 
(12a) from 8a.-To 1.50 g (0.00426 mole) of 8a, 2.5 ml of cold 
66y0 v / v  H2S04 was added, and t,he mixture was stirred at, room 
temperature for 30 min. I t  was heated until a clear solutioii was 
obtained; 1 ml of H20 was added dropwise. The mixture was 
stirred and refliixed for 8 hr during which time H,O (9 nil) was 
added. The mixture was treated with activated charcoal, boiled 
for a few minutes, and filtered while hot. The filtrate was re- 
frigerated overnight to yield 1.418 g (S3.4',1) of critde crystalline 
p-toliieiiesitlfonate salt of the eso-phenyl aniiiio acid (12a j ,  mp 
120-142'. It was dried iii a vaciiiim desiccator overnight. 
1-pon recrystallization from NeOH-EtOAc aiid drying in vaciiiim 
at 11O0, the yield of pure crystals, mp 174-176", was 1.287 g 
(77.85) .  

Aniberlite IR-43 suspended in 1 S HOAc was packed iii a 
coliimii then washed with H20.  A solution of 1 g of p-toliieiie- 
siilfoiiate salt of 12a in 230 ml of H20 was passed through the 
column followed by 500 ml of 1 S AcOH. The eliiate was evapo- 
rated in vacuo. Wheii the last traces of H?O were azeotropically 
distilled with absolute EtOH, 0.306 g (91%) of crystalline amino 
acid 12a was obtained. It was recrystallized from lIeOH-H20 
to give crystals: [aIz5"n -20.0" (c 1.2, 1 AY HCl-EtOH, 4 : l ) ;  
mp 360" dec; Amnx 2.94 (broad), 6.12 (HYO of crystallization), 
and 6.38 p (carboxylate). Tosylate bands were absent. Anal. 

(IS: 4B: 5R)-5-Phenyl-5-carboxyl-2-azabicyclo 12.2.11 heptane 
(12b) from 8b.-One gram (0.00284 mole) of intermediate 8b 
was hydrolyzed according to h e  procediire iised for the prepara- 
tion of 12a. After the reaction was completed, the mixtiire was 
decolorized with activated charcoal and cooled to yield 0.600 g of 
a critde prodnct. Recrystallization from H Y O  gave 0.310 g 
(41yc) of the sulfate salt of 12b which decomposes without melt- 
ing at  300-320". Wheii the mother liqnors of crystallization and 
of the reaction were combined, concentrated, and cooled, 0.372 

Anal. (CYoH,&OjS) C, H, N, S. 

(C13Rlj~02.0.25H20) C, H, K. 

(:33j I t  was noted tha t  sillistanrial quantities of XaCN and polymeric 
material were formed during the  reaction x i t h  loiv yields of product i f  air  
was present in the  reaction flask. 





Distribution Coefficients for 5a and 5b.-Ten milliliters each of 
CsHs and pH 7.4 Krebs-Ringers phosphate were shaken for 1 
hr with the tritiated comtmtrnd (5a and 5b). Each phase (1 ml) 

at  21.5'. 
with 0.04 AJ HC1 using phenolphthalein as indicator. 
experiment was carried out. 

Aliquots (1 ml) were drawn a t  intervals and titrated 
A blank 
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was counted in a liquid scintillation spectrometer. The count5 
per miniite fotind in each phase were corrected to diaiiitegratloris 
per miiiute and the ratio was calculated. 

Hydrolytic Rate Studies on 16a and 16b.-A 10-ml ethanolic 
0.25 .V NaOH solution containing 0.023 g of ester was mairitaiiied Sciences. 

Experimentally Induced Phenylketonuria. 11. 
Potential Inhibitors of Phenylalanine Hydroxylase 

JO~EPH I. DEGRATV, J I I C H A E L  CORY, IV. h. SKINSER, J I P N A  c. THEISEN, A S D  CHOZO 1IITOhI.4 

Departnients of I'harmaceutzcal Chemis try  und BLOC herriisli y, Stunford Research Instzfzrle, Jfenlo Park, California $/,OW 

lieceivetl September 18, 1967 

The preparation of a series of alkylating agents derived from phenylalanine ii3 reported. The compounds were 
Syntheses are described for 4-bromoacetyl-, found to be inettfective as inhibitors of phenylalanine hydroxylase. 

4-bromoacetamido-, 3-chloroacetamido-, arid 4-fluoro-3-chloroacetamidophenylalanine. 

In  a previous publication' we reported an approach 
to  the creation of a state of phenylketonuria (PKU) by 
inhibition of the enzyme, phenylalanine hydroxylase. 
We had confirmed earlier findings that 4-fluorophenyl- 
alanine2 and esculetin (6,i-dihydroxycouniarin) were 
good inhibitors of the enzyme in vitro. Our attempts to  
find a more potent inhibitor among a series of variously 
substituted phenylalanine derivatives were unsuccessful. 
However, we mere able to  conclude that alteration of 
the amino acid side chain and substitution of a group 
larger than fluorine in the 4 position was detrimental 
t o  activity. It appeared likely t o  us that  irreversible 
inhibition of phenylalanine hydroxylase would more 
closely mimic the genetic defect responsible for PIK.  

In the present work we have prepared some potential 
irreversible inhibitors in the form of alkylating agents 
derived from phenylalanine. The compounds were 
-l-bromoacetyl-, 4-bromoacetamido-, S-chloroacet- 
amido-, and 4-fluoro-3-chloroacetamidophenylalanine. 
As will be seen in the biological results, no  significant 
degree of inhibition was realized with these compounds. 
Whether the lack of significant inhibition was due to  the 
bulkiness of the haloalkyl substituents or insufficient 
reactivity of the alkylating functions is not known. 

The synthesis of 4-bromoacetylphenylalanine started 
with 4-chloromethylacetophenone4 (I) which was con- 
verted to  the crude iodide (11), and this in turn was used 
t o  alkylate diethyl formamidomalonate (Chart I). 

CHART I 
C H, C (COOE t) 2 a LHCHO --+ 

CHaCO 
I ,X=CI  

I I , X = I  
I11 

I V , R = H  
V,R=Cbz 

VI, R = Cbz 
VII, R = H  

(1) 

(2) 
(3) 
(4) 

J. I. DeGraw, M. Cory, TT'. A. Skinner, 11. C .  Theisen, and C. Mi- 

D. D. TYatt and J. P. Vandervoorde, Federation PTOC., 23, 146 (1964). 
S. B. Ross and 0. Haljasmaa, Li fe  Sci., 3,  579 (1964). 
L. Schmid, IV. Swoboda, and  &I. \Vichtl, hJonatsh., SS, 185 (1952). 

toma, J .  .IJed. Chem.,  10, 64 (1967). 

Acid hydrolysis and decarboxylation of the intermediate 
I11 yielded 4-acetylphenylalanine (IV). An effort was 
made t o  brominate IV directly in acetic acid at  70" 
but no reaction with bromine was observed. The K- 
carbobenzoxy derivative V mas then prepared and 
brominated readily with trimethylphenylammonium 
tribromidebin T H F  to afford the N-carbobenzoxybromo- 
ketone (VI) in 447, yield. Treatment of VI with HBr- 
,4cOH smoothly cleaved the blocking group without 
disturbance of the bromine to  yield 4-bromoacetyl- 
phenylalanine (VII) as the hydrobromide salt. 

4-Xtrophenylalanine was converted t o  its n'-carbo- 
benzoxy methyl ester. The nitro group was reduced 
and the resulting amine (XIa) was converted t o  the 
bromoacetamido compound (XIIa) (Chart 11). Mild 

CHIRT 11 
NHCbz 

CHzCOORa - D C H z C H C O O C H a  I 

--t 

02N /o &HR1 RNH 

VIIIa, R, = R, = H XIa, R = H 
IXa. R, = H: Rq = CHx XIIa.  R = BrCHyCO 

S I I I a ,  R = Cbz 
SIVa ,  It = I1 

a, $-substituted pheiiyl 
b, 3-substituted phenyl 
c, 4-fluoro-3-substituted phenyl; chloroacetamides were prepared 

for the b and c series 

?HAC 

,/JR ---t F , & J C H k ( C O O E t ) 2  - VIIIC 

F 
1 I 

NO, NO2 
XVI, R = COOH X I X  

XVII, R = CHzOH 
XVIII, R = CHzC1 

exposure of XIIa  t o  HBr-AcOH caused only partial 
removal of the methyl ester, while more vigorous con- 
ditions also caused cleavage of the bromoacetyl moiety. 

( 5 )  A. Marquet and J. Jacques, Bull. SOC. Chim. France, 90 (1962). 


