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Esters of 19-nortestosterone with 4’-substituted and 4’-unsubstituted bicyclo[2.2.2]octane- and -oct-2’-ene-

carboxylic acids have been prepared and tested as anabolic agents.

Several of these esters having either no

4’ gubstituents or relatively small 4’ substituents show exceptionally long-acting myotrophic activity and

very low androgenic activity.

Extremely bulky esters are inactive.

An aid to comparing injectable anabolic

candidates having prolonged activity has been devised; called the iniegrated myogenic margin, it is a function
of both separation of myogenic activity from androgenic activity and duration of activity.

Anabolie steroids may be defined from the therapeu-
tic point of view as steroids which =timulate the syn-
thesis of cellular protein.! Experimentally the anabolie
effect is best indicated by increased nitrogen retention,*?

The ideal anabolic agent would, first of all, be free
of androgenic properties, but despite muech research in
this area, no effective anabolic agent free of masculiniz-
ing side effects is wvet available to the physician.*
Secondly, a case can be made that the ideal anabolic
agent should have characteristics which permit estab-
lishment of a steady concentration of drug within the
patient over a long period of time, thus mimicking the
steady secretion of the natural anabolic agent testos-
terone.’® Brown and Samuels® have shown that u
prolonged, relatively low level of testosterone pro-
pionate, administered intramuscularly, far more effec-
tively causes nitrogen retention than does a brief intra-
venous infusion of a high concentration of testosterone.

Edgren® found with a modified Hershberger” test
that compounds related to 19-nortestosterone cou-
sistently produced significant myotrophic (anabolie)
effects at dose levels below the threshold of androgenic
response as measured by the rat ventral prostate. The
effect seemed associated with the absence of the C-19
angular methyl group siuce a series of testosterone
derivatives showed no such separation of activities.
Overbeek, ef al.® have shown that when 19-nortes-
tosterone is esterified with acids of increasing chain
lengths, both duration of action and ratio of anabolic to
androgenic activity inercase. Numerous esters of
19-nortestosterone with long-chain or bulky carboxylic
acids have been prepared and evaluated®® in recent
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veals, and several such esters have been used in thg
clinic ax iujectable, long-acting, anabolic agents.
Insight into the action of some of these esters in vivo has
been gained recently by a study of van der Vies.'!  Ifor
the phenylpropionate, decanoate, and oleate esters of
19-nortestosterone the ratio of anabolie to androgenie
activity in the rat depends on the rate at which the
esters are released from the intramuscular depot.
Though long-acting in their anabolic-androgenic ef-
fects, these esters are rapidly hydrolyzed once in the
blood and free 19-nortestosterone is the ultimate stimu-
lator of the target organs.'* The rate and concentra-
tion at which 19-nortestosterone reaches target rve-
ceptors are fully determined by the rate of release of
ester from the depot.

Though slow release can be an advantageous coun-
sequence of esterification with bulky carboxylic acids,
it is reasonable to expect that the best anabolie activity
would reside in esters in which lipophilicity and re-
sistance toward hydrolysis'® are at an optimum level
rather than maximum level. For example, an ester
with very high lipophilie character could be released too
slowly from its depot to have significant activity, or
onece released would be irreversably adsorbed in the
first lipophilic area with which it eame in contact.'
making it unavailable to the appropriate esterases or
other sites of action. Similarly, a very hindered ester
might be entirely resistant to hyvdrolysis and being
inactive per se would have no androgenie or anabolic
activity.

Recent availability ' of a number of new 4-sub-
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TasLE 1
CHARACTERIZATION OF THE 19-NORTESTOSTERONE BIcYcLo[4.4,4]0CTANE- AND -0CT-2-ENKCARBOXYLATES®

No. 18- Nortestosterone-
1 Bieyclo[2.2.2]octane-1"-carboxylate
2 4’-Methylbicyclo[2.2.2]octane-1"-carboxylate
3 4’-Trifluoromethylbicyclo[2.2.2]octane-1"-carboxylate
4 4’-Cyanobicyclo[2.2.2]octane-1"-carboxylate
B} 4’-Bromobicyclo[2.2.2] octane-1’-carboxylate
6 4’-n-Propylbicyclo[2.2.2]octane-1"-carboxylate
7 4’-Isopropylbicyclo[2.2.2] octane-1'-carboxylate
8 4’-Phenylbicyclo[2.2.2]octane-1"-carboxvlate
9 Bieyclo[2.2.2]oct-2’-ene-1"-carboxylate
10 4’-Methylbicyclo[2.2.2]oct-2’-ene-1’-carboxylate
11 4’-Trifluorobicyclo[2.2.2]oct-2’-ene-1"-carboxylate

13 Bis(19-nortestosterone) bicyclo[2.2.2]octane-1",4’-dicarboxylate
e Ir, uv, and pmr spectra were consistent with assigned structures.

Method
of pre-
Mp, paring
ot [a]p, deg® Formula Analyses? acid?
149-130 436  CuHyOs C H )
196-201 CasHooOs CH f
199-204 +44 Csts-]FsOs C, H, F g
193-200 +57 CysHz N O3 C, H N h
215-219  +38  CuHuBrOy C, H, Br h
191-194  +64  CyHuOs C, H f
204-207 +a7 CioHuOs C, H f
205-212 +64 C33H4203 C, H q
143-147 Co7H 305 C H f
179-183 466  CasHiOs C,H f
178-179 449  CusHuFi0s C,HF g
200-2107 +853 CysHe:Op C,H A

b Melting points are uncorrected. They were taken with a

Kofler hot stage microscope on samples that had been purified by chromatography on neutral, activity ITI alumina and reerystallized

from Me;CO-hexane. ¢ Measured in CHCl; at ¢ 1.0-1.2%,.

4 Analyses are indicated only by symbols of the elements.
results obtained for these elements were within #0.39, of the theoretical values.

Analytical
¢ We are indebted to Drs. J. C. Kauer, J. G. Whitney,

and W. A. Gregory of the Du Pont Central Research and Industrial and Biochemicals Departments for supplying many of these bicyclo-

[2.2.2]octane- and -oct-2-enecarboxylic acids., 7 See Ref 16,

stituted bicyclo[2.2.2]octane- and -oct-2-enecarboxylic
acids made it possible to synthesize a number of esters
of these acids with 19-nortestosterone and to evaluate
them as potential anabolic agents. Most of these
esters are represented by structures 1 through 11 and
are characterized in Table I. The rationale behind
this studv was that it might be possible to optimaize

O0—C—R

1.X=H;2 X=CH;3,X=CF,

R= 4, X=C==N;5, X=8Br6X =nCH.
7. X=¢CH:;8X=CH,

»

R= 9,X=H:10.X =CH; 11, X = CF,
X

lipophilicity and esterase susceptibility of esters 1-11
by varying the electronie,'® steric, and hydrophobie!#
character of the substituents X.

Chemistry.—The bicyclo[2.2.2]octane- and -oct-2-
ene-1-carboxylic acids used to prepare esters 1-11 were
prepared according to published procedures involving
either high pressure addition of ethylene to alkyl a~py-
rone-3-carboxylates'®!® or by conventional reactions
using 4-ethoxycarbonyl bicyclooctane-1-carboxylie acid
as the progenitor.”'* The bicyelooctane carboxylic
acids thus obtained were converted into the correspond-
ing acid chlorides by SOCl, in C¢Hg containing a catalvtic
amount of DMF.

19-Nortestosterone esters 1-11 were prepared by
reaction of 1 equiv of the appropriate acid chloride with
the steroid alcohol, either in pyridine solvent at room

¢ Ref 15,

h Ref 17 and 19, ¥ Ref 17. 7 Crystallized from Me;CO.

temperature for several days or in refluxing CeHg®
with a small excess of pyridine for 2040 hr. The
latter procedure gave better vields of ester, but even
after several crystallizations the product contained
several per cent of an impurity detected by tle on silica
gel as a component less polar than the major component,
From crude ester 10 this impurity was isolated by
column chromatography and identified as the dienol
diester 12 on the basis of nmr and uv spectra [Ag.x 234
mu (e 18,800)]. Ester 12 could be prepared in good
vield by treatment of 19-nortestosterone with excess
4-methylbievelo[2.2.2 Joct-2-ene-1-carbonyl chloride in
boiling toluene for 72 hr in the presence of pyridine.

Under forcing conditions analogous to those used to
prepare 12, diester 13 was prepared from 19-nortestos-
terone and bicyelo[2.2.2]octane-1,4-bis(carbonyl chlo-
ride).'"2!  Ester 13 represents an extremely bulky
bridgehead carboxylic acid ester. In asense the steroid
itself contributes to the bulk of the carboxylic moiety.
It is interesting to note in the context of the previous
discussion that this very bulky ester shows little or no
androgenic or anabolic activity when administered to
rats by subeutaneous injection.

Anabolic-Androgenic Activity. A. 14-Day Hersh-
berger Assay??* (Daily Treatment.)—Preliminary evalu-
tion of anabolic and androgenic potencies of five esters
1, 2, 7,9, 10) was carried out using a Hershberger
assay.” Male rats??® were castrated at 21 days of age
and, beginning on the day of surgery, received the test
compound dissolved in sesame oil subcutaneously once
daily for 14 days. On the day after the last injection,
the animals were sacrificed and the levator ani (LA),
ventral prostate (VP), and seminal vesicles (SV) were
removed and weighed. The end-point used was the
tissue:body wt ratio (mg of tissue/g of body wt .

(20) A. Kukis and J. M. R, Beveridge, J. Org. Chem., 25, 1219 (1462 ;
see also ref 10.

(21) Enol esters probably were formed under tlie forcing condit'ons u el
to prepare 18, but being polymeric they were readily removed by eolumn
cliromatography.

(22) (a) lests carried out at tlie Endocrine Laboratories of Madison,
Wis,, under the direction of Dr, E. G. Shipley: (b) Holtzman Co.
Madison, Wis.; (c) Simonsen Laboratories, Gilroy, Calif.; (d) Badger Rat
Co., Madison, Wis,



954 Journal of Medicinal Chemisiry, 1970, Vol. 13, No. 5 SeripNer, Donrrstan, ann Hooks

Fuch compound was tested at 3 dose levels, using o rats
per dose. Testosterone propionate (TP) was tested Iz
concurrently at 4 dose levels and served as the standard

1
n

.
.

164 .G
W)
301 .4
2502

N

for comparison of the test materials. Standard G REERN
. . oy . . N NY = 7 =
=tatistical procedures®® for determining the potencies of RS %
the materials relative to TP were used. Myogenic: I 2o e
androgenic ratios were calculated by dividing the ana- - =02 g C
bolie poteney (LLA) by the androgenie potency (average
of SVand VI’). Table IT compares the activities of the - w o am
J exters. z 20
- o =
Tasue I = =
ForrTErN-1D Ay MYOoGENIC-ANDROGENIC ASSAY %7 = 5 A
Relat’;\; potlency. P o ~t - = =
Dose levels Andro- Myo- M:A : = 2 = Tr=
Compd (mg/day) geniut genie ratio
Testosternite 0.1, 0.25, 0.0 0.08 0.13 1.0 - - r = =
19-Nortestas- 0,05, 0.1, 0.25  <0.02 0.07 >3.5 o oz Sexn
terone” . = -
Lster 1% 0.050.1,0.25  <0.02 0. 14 >7 S -
Lixter 2 0.25,0.5, 1.0 002 ~0.4 ~20 Tz 3 2
Ester 7 0.1,0.25 0.5 <0.02 0.17 >0 I .
lister O 0.25,0.5, 1.0 V.04 >0.7 >17 z == ™
Lister 10 0.25,0.5,1.0 003 ~0.5 ~17 ERR=IE NS
» Average of values for SV and VP, ¥ Run simultaneously E
with textosterone,  Poteney converted and expressed relative to 5= I~ -
TP. =t G- = T 5=
Z: TR E ZEE
Loz
. . . - ® _
B. Long-Term Anabolic-Androgenic Assays (Single N = o
Treatment). (1) 4-Week Studies. -~ Esters 3 through z - 2% Z 5aF
8 and 10 through 12 were tested for prolonged andro- s e s -
genie and anabolic activity. A single subeutaneous R S %S
injection of the test compound was administered on day Z 2z - ’
1 to castrate immature male rats??e in a vehicle consist- S
ing of 909, sesame oil and 109 benzyl aleohol. The : Fia _“; -
rats were sacrificed on dav 29. Table IIT lists data sz T i
-
= X - s Eeli s
Tasur 111 R RV 12 1=
: . e < | - - T
Foor-Werk Stupy.  THE PROLONGED MYOGENIC-ANDROGENIC = - ! (
ACTIVITIES OF A SERIES OF BIicycLooctaNt : = = s
[EsTrRS OF 19-NORTESTOSTERONE z 7 - <=
- = YIS
‘.t increase of mean tissue ratio" - v
Material Totul - over control after 28 days-- -
adminig- dose No. of Ventral Seminal Levator 4 - - -
(ered (my) rats proslate vesicles ani - ,__'i 1; : :
TP 54 B 167 360 18 TRz =
3 4 % R 200 R0 127 T - - -
1 1.4 7 200 200 86 T2k MU
5] 4.0 T 33 40 Bt - = 1~ In
TP 5.4 7 160 174 10 n Xi- o7 N S
i 2.0 7 G4 13 71 "z £ 2z s
T 34 7 225 520 0
- - - 5
) 4.0 i Afl 2f) 44 e tm ~ -
N 4.9 7 (1 0] 0 s ~ 48 =
1 4.8 7 7 60 66 N =T g
TP 3.4 7 38 475 0 L=< = -0
- . - - - T e —~ - N c
i 4.2 7 81) 150 77 e ¥ gz &
TP 54 7 101 180 7 . _ -
2 51 7 20 20 14 i 2 Sxit
N - CCI O 238 =
« Milligrams of tissue weight per gram of body weight. = = 7
g g P Y g
b Testosterone propionate. -
- )
. . . . b T S
from 5 separate experiments in which one or more of - % E $
. . g = =
these esters were studied at equimolar doses. i ZAo § £ 5
.o . . ¢ = :
The low activity of dienol diester 12 (Table III) was ESEQE e o s ;
. “ . . -2 -Y¢) 3
confirmed in additional tests in which the compound E 538 SEFFE?
% 2 E 8 . =
= = < NN T
FiEZEcne &
(23) D. J. Finney, ''Statistical Methods in Biological Assav,” Hafuer £ é D‘c‘, A—- 2 5
n - - N

Publishing Co., New York, N, Y., 1964.
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was administered daily in an aqueous vehiele to im-
mature castrate male rats subeutaneously for 7 dayvs
using a total dose of 10 mg, or orallv by gavage for 10
dayvs using a total dose of 20 mg.

(2) 12-Week Studies.??*—Esters 1, 2, 9, and 13 were
tested in assays modeled after one used by Rapala, et
al.®* Each ester was administered subcutaneously in
sesame oil on the day of surgery only to castrate 21-day-
old male rats.?2d  Organ weights were determined uxing
groups of 6 rats at weekly or biweekly intervals follow-
ing the injection, with the last autopsy at the beginning
of the 12th week. The results, except for those of ester
13 which showed little or no activity, are summarized in
Table IV. Note from Table IV that the levator ani in
the untreated castrate controls continued to grow in the
absence of testicular hormone and reached maximum
weight in approximately 8 weeks. To facilitate com-
parison, the data for similarly tested testosterone
propionate and 19-nortestosterone phenylpropionate
are also shown in Table IV.

For each of these 5 esters, tissue weights of the treated
animals were plotted as mg increase over the weights of
the corresponding tissues of the untreated castrate
controls. To assist in the comparison of esters we
devised a relationship termed the integrated myogenic
margin (IMDM) expressed in mg-weeks. The values for
IMM were calculated by integrating the area lying
under the LA curve and subtracting from this the area
lying under the corresponding SV curve. This was
easily done gravimetrically, INMM wvalues (Table V)

TaBLrn V
INTEGRATED MyogENIC Mareins (IMM) rFroM LonNg-TERM
MyoarNic- ANDROGENIC Assay (CancrraTEp FRoM TasLe IV)

Dose, —1MM at week indicated—
Test material mg 8 12
Testosterone pro- 2.0 —270 — 380
pionate
19-Nortestosterone 7.0 +23 +110
phenylpropionate
1 7.2 + 330 +740
2 7.8 +350 +730
9 7.2 +360 +880

thus reflect not only separation of myotrophic (anabolie)
from androgenic activity but also duration of the myo-
trophic response. A high positive value for IN[M is thus
desirable for an anabolic candidate. Note that testos-
terone propionate has a negative IMM value because the
area under the curve for the androgen indicator (SV) is
greater than the area under the eurve for the myogenic
indicator (LA). In assessing the significance of the
IMAI values, it should be recognized that for a given
compound IMM will be dose dependent unless the
dose-response curves for SV and LA happen to be
parallel. The 19-nortestosterone esters in this set of
assavs were tested using equimolar dose levels.

(8) 18-Week Studies.—Eighteen-week studies simi-
lar to the 12-week studies were performed using a differ-
ent vehicle (909, sesame oil, 109, PhCH,OH), rats
from a different supplier,?? and lower equimolar doses of
esters 1,9, and 10 with an equimolar dose of testosterone
propionate. Usually 6 rats per group were sacrificed
at each time period. The test data are summarized in
Table VI and the corresponding IMM values ealeulated
at the end of each period are given in Table VII.
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0.7
37.

A

14.0
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Tanue VII
INTEGRATED MyocEN1C MARGING FROM LoNG-TERM MYOGENIC-ANDROGENIC ASSAY
Dose S e e e e —om o= LM at week indicated e e i e e
Test material {ing) 1 3 5 K 10 15 18
Testosterone 3.4 —-16 —~112 —~ 160 - 154 — 166 — 253 - 306
propionate
1 4.1 $2 137 114 =147 147 + 214 220
9 41 ¥ F16 4 =D 2110 L2 bri2 i 162
10 4.2 [ 460 IR 19 {204 £ 254 f20d
Conclusions 1,4-bis(carbouyl chloride) was prepared by a published proce-

Several of the bicyelo[2.2.2]octane- and -oct-2’-ene-
carboxylic acid esters of 19-nortestosterone deseribed
here have unusually long-lasting myvogenic (anabolic)
activity and low androgenicity compared to 19-nor-
testosterone phenylpropionate (Tables IV and V).
IMM values conveniently summarize separation of
myogenic from androgenic activity and duration of
activity, but absolute IMM values and even the relative
order of IMM wvalues for a series of compounds depend
on the dose levels studied (Tables V and VII).

Differences in biological activity between the bievelo-
[2.2.2]octane esters and the corresponding bicyvelo-
[2.2.2]oct-2 -ene esters studied appear to be small and
within the probable range of experimental error.
Compare esters 1 and 9 [Tables IT, V, and VII), 2 and
10 (Table II), and 3 and 11 (Table IIT). Likewise the
4’-unsubstituted and 4'-Me substituted esters have
comparable activities, which can be seen by comparing
esters 1 and 2 (Tables IT and V) and 9 and 10 (Tables I1
and VII). No direct comparison can be made for the
small electronegative substituents 4’-CF; and 4'-C=
N (in 3, 4, and 11), however it appears that in the
saturated bicyelooetane series the substituted esters do
not have activity which is meaningfully different from
the unsubstituted ester (1), whereas the substituted
unsaturated bieyclooctene ester 11 is less active than
the unsubstituted ester 9. The 4’-bromo substituent
(5) and the moderately large 4/-1-propyl (6) and 4 -iso-
propyl (7) groups decrease ester activity, whereas the
larger 4’-phenyl-substituted ester 8 is inactive (Table
I1D).

More detailed studies on ester 10 will be described i1
forthcoming publications.

Experimental Section?*

Acid Chiorides.-——This procednre typifies preparation of the
acid chlorides used to prepare esters 1-12. A mixture of 25 g of
4-methylbicyclo[2.2.2]oct-2-ene-1-carboxylic  acid, 35> ml of
SOCly, and 1 drop of DMF in 50 ml of CsHs was heated at reflux
for 2 hr. Fractional distn of the reaction mixture gave 182 g
of 4-methylbicyclo[2.2.2]oct-2-ente-1-carbonyl chloride: bp H%°
(1.3 mm); Amax (CHCl3) 3.60, 6.21. 7.25 u: nmr (CDCl;) AB
quartet (2) centered at 6.26 ppm, 1.40 (s, 3) ppin. Similarly,
4-methylbicyclo[2.2.2]octane-1-carbonyl chloride, bp 36° (0.9
mm), bicyelo[2.2.2]oct-2-ene-1-carbonyl chloride bp 48-49°
(0.9 mm), and bicyclo[2.2.2]octane-1-carbonyl chloride, bp 78°
(3.5 mm) were prepared. The acid chlorides nsed to prepare es-
ters 3, 8 and 11 were isolated by evaporation of the CsHs in
vacuo and were not distilled prior to use. Bicyclo[2.2.2}octane-

(24) Boiling points and melting points are uncorrecied,

dare. v

19-Nortestosterone Esters. Method A. 19-Nortestosterone
4’-Methylbicycio[2.2.2] oct-2’-ene-1’-carboxylate t10), - Thix
procedure typifies preparation of exters 1-11 and 13 (I'able 1). A
solntion of 4.0 ml of 4-methylbicyclo]2.2.2]oct-2-ene-1-carbonyl
chloride, 5.0 g of 19-nortestosterone, and 4,0 ml of C.H,N in 125
ml of dry CsHs was heated af reflux temp for 8 hr.  The mixtnre
was cooled, diluted with Et,0, and washed twice with cold HC,
agq NaOH, once with HyO, and then with satd NaCl solution.
Evaporation of solvent gave 9.3 g of crude ester, which was ap-
plied as a solntion in C¢Hs ta a eolumn of 200 g of nentral, ac-
tivity grade III altmina and eluted with CsHe.  Crystallization
from Me.CO-hexane gave 4.2 g of 19-nortestosterone 4’-methyl-
oct=2’-gne-1"-carboxvlate (Table 1): A« (CHCIL;) 5.83, 6.03,
6.20, 8.00 &, Aoy (BtOH) 238 mpu (e 17,900).  Tle of a portion
of this exter vn silica gel using 1: 1 CHCly--15t.0 eluant showed the
presence of a major minor component Ry 0.87 in additivn to the
major component at f2; 0.65.  Isolation of the mobile imparity
ax a glass was sccomplished by colnmn chromatography by ela-
tion from neuntral, activity grade IIT alnmina with 57 Celg in
petr ether. The impurity was identified as 12 on the basis of
1V (Anax 233 mu), nmr, and ir spectra, and identity with anthentic
12, prepared as described below.

Traces of diester 12 were removed from 10 by heating at reflnx
4 solntian of ernde 10 in MeOH containing about 0.4%; (by wt)
of NaCO; and 0.77; of 11,0.%  The stroug, characteristic ndor

after this reaction was completed =uggests that ander these von-
ditions transesterification rather than simiple hydrolysis pre-
dominates.

Method B. 19-Nortestosterone Bicyclo{2.2.2]octane-1"~car-
boxylate (1).---This method, thoagh generally inferior tv method
A, was nsed ax an alternate roate to ester 1 and =everal other
esters, A solation of 2.7 g of 19-nortestosterone and 2.2 g of

stirred for 4 dayvs at raom temp and then ponred into 1.0, lix-
traction with Et:0 and chromatography on 150 g of nentral, ac-
tivity grade IIT alumina gave in the CeHg-petr ether (1: 1) claate,
after crvstu from MexCO-hexane, 1.62 g of 19-nortesiosterone
mp X010, ddenl et

with that prepared by method A.
Estra-3,5-diene-3,17 3-diol Bis(4’-methylbicyclo(2.2.2]oct-2-

ene-1-carboxylate) (12).- A solution of 3.4%8 g (20 mumoles) of
H9-ttortestoxterone, 14.4 g (80 mmoles) of 4-methylbicyclaf2.2.2]-
oct-2-ene- l-carbonyl chloride, and 124 ml of C.H.N tn 200 ml
of Ph)le was heated at reflux for 72 hr.  The reaction mixtare
was cooled, diliited with CsHe, and washed with H.O and twice
with satd NaHCO; solation.  Evaporation of solvent gave
mishy solid which after washing with pety cther weighed S5
g, Two ervstallizations from MeCO gave 6.5 g of cevstulline
12, Farther parifieation by chromatography orc nearral 111
alnmina and elntion with petr ether-Cglls gave, after ervstatliza-
tina from CHCL-MeCO, 2.9 g of 12 as white needles: mp 205
216° (Kofler): homogeneons by tle and identical with 12 ac-
companying ester 10; [a[?'h —65° (¢ 1.0 CHCly); Aoux (1t1OH 1
234 M (e 13,8001 A (CHCI1 3,30, 3,30, 3.48, 5.70, 5.99 (w1
(.10 (w, 6.16 (w i nmr (CDCLy, AB qaartet (4) centered at 6.2
ppmy, .78 ppm (1, C-4 vinvli: 547 (broad) ppm (1, C-6 vinyl).
Anal. CiHLOo ) IL

i23) Weare indebted 10 Dr. I, Alvarez of the Synrex Institaie of (lroanis
Chemnistry for the suggestion on whicl: (his procedure is basesd,



