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TABLE I 
In  Vitro ACTIVITIES I N  7 0  COMPARED TO TETR.4CYCT.INEa 

Tetracycline 100 
G-Demethyl-6-deoxytetracycline ( I) 1 ti0 
6-Demethyl-6-deoxytetracycline-7-diazonium 20 

sulfate hydrochloride (11) 
7-Chloro-6-demethyl-6deoxytetracyclineb ( 111) 300 
7-Acetoxy-6-demethyl-6-deoxytetracycline ( I V )  120 
F-I~emethyl-6-deoxy-7-formyloxytetracyclinc 32 
(V, 

( V I )  

(VIII) 

6-Demethyl-6-deoxy-7-hydroxytetracycline 23 

6-Demethyl-6-deoxy-7-fluorotetracycline (1'11) 220 
7-Bromo-6-demethyl-6-deoxytetracycline 200 

6-Demethyl-6-deoxy-7-iodotetracycline ( IX) 120 
a Activities were measured turbidimetrically against 

Staph. aureus by the method of E. Pelcttlr and 4. Dornbush, 
Ann. A'. Y.  Acad. Sci., 51, 218 (1948). See ref. 2. 

phate buffer, pH 2.0 (20); [ a ] = ~  -98'; R,0.68; 
348, 265 mp; log e 4.55, 4.72. 

Anal. Calcd. for C Z ~ H ~ O ~ N ~ :  C, 58.5; H ,  5.1; OAc, 
9.1. Found: C,58.3; H, 5.7; OAc,9.0. 

In addition to the 7-acetoxy derivative (IV), we obtained 
some 7-chloro-6-demethyl-6-deoxytetracyclinea (111) and 
some 6-demethyl-6-deo~ytetracycline~ (I)  in a ratio of 2: 1 : 1, 
respectively. 

6-Demethyl-6-deoxy-7-hydroxytetracycline (VI).***-A 
solution of 0.075 g. (0.159 mmole) of 7-acetoxy-6-demethyl- 
6-deoxytetracycline in 0.30 ml.of 1 N sodium hydroxide was 
stirred at room temperature for 5 min. The eolution was 
acidified with hydrochloric acid to pH 4.5 and the precipi- 
tate was collected by filtration, washed with water, and 
dried in vacuo a t  room temperature, yield 20 mg. [ ~ ] B D  

-171"; R, 0.58; X :;ZHC1340, 282 mp; log E 3.89, 4.85. 
And. Calcd. for C Z ~ H ~ ~ N ~ O ~ " ~ ~ :  C, 56.4; H,  5.4; N, 

5.2. Found: C, 56.7; H,  5.8; N, 5.1. 
6-Demethyl-6-deoxy-7-formyloxytetracycline Sulfate (V). 

-A solution of 0.30 g. (0.523 mmole) of 6-demethyl 6 
deoxytetracycline-7-diazonium hydrochloride sulfate in 40 
ml. of 987, formic acid was irradiated for 3 hr. a t  room 
temperature. The formic acid was removed by lyophiliza- 
tion and the residue was washed well with ethyl ether, yield 
0.25 g. The compound absorbed at 5.75 p (infrared) which 
is characteristic of formyl substitution; Xi:: 345, 260 
mp; log e 3.86, 4.15. 

An attempted purification of this material by partition 
column chromatography1° using a solvent system of hep- 
tane (8bbutanol (10)-2-methoxyethanol (6)-0.2 M phos- 
phate buffer, pH 2.0 (10) yielded the hydrolyzed product, 
6-demethyl-6-deoxy-7-hydroxytetracycline (VI).  

Anal. Calcd. for CalHz1N20~F.2/3 HzO: C, 57.0; H, 

In addition to the 7-flUOrO compound (VII), we obtained 
5.1; F, 4.3. Found: C, 57.1; H,  5.2; F, 3.9. 
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The Arbuzov rearrangement, P(0R)r "," RP 
(0)(OR)z, is generally considered to be a two-stage 
reaction with an ionic intermediate2 shown as 

R'X + :P(OR)3 + [R'P(OR),]+X- 

/OR /OR 
[R'P-OR]+ X- + R'P-OR + RX 

II 
0 

\ 
0-R 

If the R groups in the two starting materials are 
the same, then a catalytic amount of the halide is 
sufficient to bring about isomerization of the 
phosphite. If they differ, the R group of the halide 
ends up bound directly to phosphorus, although as 
the reaction proceeds two different halides are 
present to compete for the phosphite. 

With certain aromatic phosphites i t  has been 
possible to  isolate the phosphonium intermediate, 
but no such direct confirmation of the course of 
the reaction has been obtained for aliphatic deriva- 
tives. It seemed to us that a study of the conduc- 
tivity of a phosphite-alkyl halide mixture would 
bear directly on the mechanism of the reaction, and 
so we have made a conductometric study of the 
kinetics of the reaction of tri-n-butyl phosphite 
with ethyl iodide in acetonitrile a t  31'. 

6-Demethyl-6-deoxy-7-fluorotetracycline (VII).s~9- 
To a solution of 1.00 g .  (1.57 mmoles) of 6-demethyl-6- 
deoxytetracycline-7-diazonium disulfate and 0.34 g. (3.14 
mmoles) of sodium fluoroborate in 3.0 ml. water was added Materials.-Acetonitrile (Eastman Kodak c o s )  
250 ml. of glacial acetic acid. The solution was irradiated 
for 5 hr. at room temperature. The reaction mixture w a  
lyophilized and the residue was distributed in a chloroform 
( 4 H . 2  M phosphate buffer, pH 2.0 (2)-butanol(1) solution. 

Experimental 

refluxed over barium oxide for several hours and distilled 
from barium oxide through a Vigreux column in a system 
protected by a calcium hydride tube. A middle fraction 
was collected, b.p. 76-78' uncor. (700 mm.1. The specific 

The organic layer after evaporation'to dryness was purified 
twice by partition column chromatography10 using solvent 
systems of heptane (4)-butanol (5)-2-methoxyethanol 
( 3 w . 2  M phosphate buffer, pH 2.0 (5) and heptane (60)- 
ethyl acetate (40)-methanol (15)-water (6); [ c x ] ~ ~ D  -83"; 
R, 0.46; A::$""' 335, 267 mp; log e 4.02, 4.23. 

( 8 )  Optical rotations were determined at a concentration of 0.1- 

(9) R/ values were determined in the system butanol, 0.2 M phos- 

(10) The solid support for the stationary phase was diatomaceous 

0.5% in 0.1 N sulfuric acid. 

phate buffer, pH 2. 

earth (Johns-Manville Celite 547). 

(1) (8) The Rev. F. C. Ruck, LJ., Boston College High School, 
Boston, Maesachusetts. The support of this work by a N. S. F. 
High School Teachers Research Participation Summer Institute a t  the 
University of Arizona is gratefully acknowledged; (h) To whom 
inquiries should be addressed. 

(2) A. E. Arbuzov and L. V. Nesterov, Dokl. Akad. Nouk SSSR,  
92, 57 (1953); Bull. Acad. Sei. USSR,  Diu. Cham. Sci., 361 (1954); 
V. 8. Abramov and G. A. Karp, J. Gen. Chem. USSR. 1823 (1954); 
"Soviet Research on Organ-Phosphorus Compounds 1949-1956," 
Consultants Bureau Inc., New York, pp. 17, 589; A. N. Pudovik, 
Dokl. Akod. Nauk SSSR, 64, 519 (1952); Chsm. Abstr.. 47, 3226 
(1953); W. 
Gerrard and W. J. Green, J. Chsm. Soc., 2550 (1951); H. I. Jacobaen, 
R. G. Harvey, and E. V .  Jenaen, J .  Am.  Cham. SOC.. 77, 6054 (1955). 

G. M. Kosolapoff, J .  Am.  Chem. SOC., 66, 109 (1944); 
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Fig. l.--P(OCdHp)a and C2HJ in CH&K at 31'. 
Time, 8ec. X 10-4 

The 
clashed line represents the initial stage rate data magnified 
20 times on the time axis. 

conductance of such middle fractions from several distilla- 
tions ranged from 1 to 10 X 10-6 ohms-'. Ethyl iodide 
(Matheson, Coleman and Bell) was distilled, washed with 
0.1 M sodium thiosulfate and then twice with water, dried 
over calcium chloride, and redistilled. A colorless middle 
fraction was collected, b.p. 68-70' uncor. (700 mm.). 
Tri-n-butyl phosphite (Virginia-Carolina Chemical Corp. 
research sample) was distilled, b.p. 146-149" (37-38 mm.). 
In a weight-volume calibration of the microburet, the den- 
sity was found to be 0.914 g./ml. a t  31'. 

Procedure.-The cell was a test tube with two side arm 
leads for the bright platinum electrodes and was mounted in 
the plastic lid of a water bath. The cell constant was de- 
termined by measurement of the conductivity of a standard 
solution of potassium chloride. The cell was fitted with a 
1-ml. buret and a calcium hydride drying tube. Aceto- 
nitrile was weighed into the cell and a period of time wm 
allowed for resistance measurements to become constaIit. 
The resistance was measured with a Model RC-16B2 bridge, 
Industrial Instruments Inc. A measured amount of ethyl 
iodide was then added from a weight burette and a measured 
volume of tri-n-butyl phosphite was added from the micro- 
buret. The reaction mixture contained 6.696 g. of (89.57 
wt. %) acetonitrile, 0.327 g. (4.38 wt.%) of ethyl iodide, 
and 0.494 ml. (0.451 g. ,  6.05 wt. %) of tri-n-butyl phosphite. 
Assuming additivity of volumes, the solution was 9.21 ml. 
and the concentrations of ethyl iodide and tri-n-butyl 
phosphite were 0.228 M and 0.195 M ,  respectively. The 
contents of the cell were swirled, and the conductivity was 
measured as a function of time. After IObsec., analiquot of 
the reaction mixture was transferred by syringe to  an infra- 
red cell, made up t o  257,  concentration in carbon tetra- 
chloride solvent, and compared with a 25y0 solution of aceto- 
nitrile in carbon tetrachloride as the blank, using a Perkin- 
Elmer Infracord. The tertiary phosphite absorption at  
6.8-7.0 p was absent, and a strong absorption at  7 .94 .0  p 
characteristic of the P=O group,a was observed. 

Results 
The specific conductance was calculated from 

the observed resistance values a t  various times and 
the data are shown in Fig. 1. The results are 
clearly interpretable in terms of two consecutive 
reactions involving the formation and then the 
decay of a conducting intermediate, the first step 
being much faster than the second. If the observed 
values of specific conductance are corrected for 
the initial conductance of 3.0 X ohm-', a 
smooth curve drawn through the data for the initial 
portion of the reaction approaches a limiting value 
of 28.0 X ohm-' which may be taken to 
correspond to completion of the first step of the 
reaction and thus to a concentration of 0.195 M 
[C2Ht,P(OC4H&]+I-. Using this rather crude 
relation between corrected conductance and con- 
centration, an approximate analysis of the kinetic 
data may be undertaken. Supposing that the 
second step of the reaction is sufficiently dow to be 
neglected in treating the initial rate data, and 
taking the attack of the phosphite on the alkyl 
halide to be a Sx2 process, a second-order rate 
constant was calrulated by the equation4 and the 

b(a - X) In ___ k=- 
t (a - b )  a(b - 2) 

1 

results are given in Table I. The supposition of 
second-order kinetics for the first step of the 
reaction seems justified. 

TABLE I 
TEST FOR A SECOND-ORDER CONSTANT-INITIAL STAQE 

RATE DATA 
a = [C2HsIjo = 0.228 M ;  b = [P(OCdH9)3],, = 0.195 M .  
2 = [CzHsP(OC~H&I] = 0.195 M x spec. cond./28.0 X 

10-8 
Specific" k. 

t ,  conductance l./mole s w .  
sec.  x 100 5 x 103 

3.00 X 102 3 .0 0.021 2.00 
9.60 X lo2 8 .4  .059 1.84 
1.38 x 103 11 .0 .077 2.10 
1.56 x 103 12.4 ,087 2.19 
1.88 X 103 13.0 ,091 2.20 
2.16 X 10s 14.8 I 103 2.07 
3 24 x 103 17.5 ,122 1 94 

2 22 3.48 x 103 18.8 ,131 
Mean 2 07 

- 

a Corrected for initial conductance. 

The second step of the reaction, representing thc 
decay of the conducting species, might in terms of' 
the proposed mechanism involve a second-order 
nucleophilic attack of iodide on the phosphonium 
ion, or the existence of an ion pair might lead to 
apparent first-order kinetics. Using the relatio-. 
developed above between specific conductance ai- d 
concentration of the ionic intermediate, tests were 
made for the order of the reaction by plotting the 

( 4 )  K. J. Laidler, "Chemin81 Kinetics," MoGraw-Hill Book C c . ,  New 
(3) L. W. Daaroh and D. C .  Smith,  Anal. Chem., 28, 803 (1051). York, 1960, Chap. 1. 
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logarithm, and the reciprocal, of the concentration 
of intermediate us. time. The first relation was 
nearly linear while the second was not, indicating 
that the second step of the reaction is a first- 
order process. The data are shown in Table 11. 

TABLE I1 
TEST FOR A FIRST-ORDER CONSTANT-LATTER STAGE RATE 

DATA 
Specific' k. 

106/t. conductance sec. -1, 

sec.-la x 108 [CzHsP(OCaHs)sIl X 105 
9.60 21.8 0.152 2 .4  
9.17 21.3 .149 2.5 
8.93 20.8 .I45 2.7 
8.48 20.5 .143 2.6 
8.20 20.4 ,142 2.6 
8.06 20.2 .141 2.6 
7.70 19.9 ,139 2 .6  
6.71 19.2 ,134 2 . 5  
6.10 18.8 .I31 2 .4  
5.72 18.6 .130 2 .3  
2.92 14.2 ,099 2 .0  
1.24 5 . 4  .038 2 .1  
1 .21  5.3 .037 2.0 
1.19 5 .2  .036 2 .0  
1 .05  4 .6  .032 1 . 9  

Mean 2.3 
a Uncorrected for time required for initial build-up of 

Corrected for initial con- the conducting intermediate. 
ductance. 

While a more rigorous mathematical treatment 
of the rate data for these consecutive reactions 
would be possible, such a treatment does not seem 
justified in terms of the precision of the experi- 
mental data and particularly the approximations 
made in relating conductance to concentration. 
The value of the work lies in its confirmation of the 
existence of a phosphonium ion intermediate in the 
Arbuzov rearrangement of simple aliphatic tertiary 
phosphites and its indication of the relative rates of 
the two steps. 

It might be thought that when different alkyl 
groups are present in the halide and phosphite 
starting materials a mixture of products would be 
obt>ained since a second alkyl halide is generated in 
the course of the r e a ~ t i o n . ~  It now appears that 
the first step of the reaction is so much faster than 
the second that by the time appreciable amounts 
of the second alkyl halide are formed in the reaction 
mixture, the phosphite ester has been largely con- 
verted to the phosphonium intermediate and is 
no longer available. This is in accord with work 
showing that in one example of such a system only 
a single product was obtained, in 95% yield.6 

Acknowledgment.--We thank Dr. John P. 
Schaefer for making the conductivit,y bridge 
available. 

( 5 )  G. M. Kosolapoff, "Organic Reactions," Vol. VI, J. Wiley 

(6) -4. €I. Ford-Moore and J, Ha Williams, J .  Cham. S o c . .  146.5 
and Sons, Inc., New York, 1951, p. 276. 

(1947). 

16~-Methyldesoxycorticosterone Acetate 
(16P-Methyl DOCA) 

G. G. NATHANSOHN, F. DONADELLI, E. TESTA, ANI) 
G. F. ODASSO 

Laboratories of Lepetit  S.p.A., M i l a n ,  I t a l y  

Received J a n u a r y  25, 1962 

Two different syntheses of 16a-methyldesoxy- 
corticosterone acetate have been reported some 
years ago by one of the authors and his co-workers1v2 
and by Petrow and JT7illiamson.3 The lack of any 
mirieralcorticoid activity of this methylated DOCA 
derivative prompted us to  advance the hypothesis 
that the 16a-methyl group is responsible for abolish- 
ing the sodium retention activity of 16a-methyl- 
9a-fluoroprednisolone (dexamethasone) when com- 
pared with the nonmethylated parent compound. 
This hypothesis mas also supported by the results 
of Rieland and co -~orke r s~  in the rase of aldo- 
sterone, which by 16a-methylation (2ompletely 
lost its typical mineralcorticoid activity. 

In  prosecution of the work in this field it seemed 
interesting to investigate whether the 16P-methyl- 
ation of DOCA would also be accompanied by the 
loss of the sodium retention activity. In  this 
case the former hypothesis should also be valuable 
to explain the absence of activity on the electrolyte 
balance of the new 168-methylcorticoids (168- 
methylprednisolone5 fi and 16,&methylprednisone7). 

The attempts to prepare 16p-methyl-DOCA 
according to both procedures previously described 
for the preparation of the 16a-methyl isomer failed; 
the 21-iodo intermediate seems to be very unstable 
and could not be converted by usual methods into 
the 21-acetate. Therefore we started from the 
known8 pregna-5,16-diene-3p,21-diol-20-one 21-ace- 
tate (I), in which the 21-acetoxy group mas already 
present. Compound I was converted with diazo- 
methane to the 16a, 17-diazomethylene derivative 
11. 

Pyrolysis of this compound afforded 16-methyl- 
pregna - 5,16 - diene - 3&21 - diol - 20 - one 21- 
acetate (111), which was reduced with hydrogen 
(Raney nickel catalyst) to  16B-methylpregn-5- 
ene-38,21-diol-20-one 21-acetate (ITr). It is well 
known that this hydrogenation gives preferentially 

(1) British Patent Apphcatlon No 39037/58 December 3, 1958. 
(2) G. Mat31 L Fontanella P. Milatti.  and E Testa Experaentia 

(3) V. Petrow and D. &I. Williamson J Chem Soc 3595 ( 1 9 5 9 )  
(4) P Wieland, K Heusler and 4 Wettstein, Helu Chzm Acfa  43, 

2066 (1960) 
( 5 )  E P Oliveto, R Rausser, H L Herzog, E B Hershberg, S. 

Tolksdorf, H EisIer P L. Perlman and M M Pechct J. Am Chem. 
S o c ,  80, 6687 (1858). 
(6) D Taub, R D Hoffmmmer, H L Slates, C. H Kuo, and K L. 

Wendler, ? b a d ,  82, 4012 (1960) 
(7) G. G. Nathsnsohn, G. Winters, and E Testa, Pxpsrtentaa 

(Basel), 17, 448 (1961). 
(8) J. Romo G Rorenkrnnz and F Sondheimer J .  A m  Chem. Soc.,  

79, 5034 (1957). 

(Rasel) 16, 422 (1960) 


