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triethylamine (0.51 ml.) were added to chloroform (8 ml.). 
The resulting suspension was stirred at room temperature 
for 15 min. and then allowed to stand at room temperature 
without further stirring for 16 hr. Chloroform was re- 
moved in vacuo and ether (50 ml.) was added to the residue. 
The mixture was allowed to stand a t  room temperature for 
3 hr. The solid product was filtered and washed successively 
with ether (40 ml.) and water (13 ml.). It then was dis- 
solved in glacial acetic acid (6 ml.) and water (35 ml.) was 
added in small portions while the solution was heated to 
about 60". The solution waa allowed to cool gradually to 
room temperature during which time the product began to 
crystallize. The mixture was allowed to stand at 5' for 6 
days. The product was filtered and washed with water 
(20 d.); wt. 0.50 g., m.p. 115.5-116.5", [a]* 'D -44.0' 
( c  1, tetrahydrofuran). 

And.  Found: C, 56.6; H, 6.56; N, 8.29. 
Ethyl N-Acetyl-S-benzyl-DL-cysteinylg1ycinate.-This 

compound was prepared from p-nitrophenyl N-acetyl-S-ben- 
zyl-DL-cysteinate and ethyl glycinate hydrochloride by the 
procedure described for the preparation of ethyl N-acetyl- 
S-benzyl-L-cysteinylglycinate from the L p-nitrophenyl 
ester and ethyl glycinate hydrochloride. The reaction was 
carried out on the same scale and the product was purified by 
exactly the same procedure; wt. 0.48 g., m.p. 86.5-87.5", 
[ L Y ] ~ ~ D  0" ( c  1, tetrahydrofuran). 

A n a l .  Calcd. for ClsHnO,N&: C, 56.8; H, 6.55; N, 
8.28. Found: C, 56.9; H, 6.57; N, 8.26. 

Methyl N-Acetyl-S-benzyl-L-cysteinyl-L-tyrosinate. 
Method A.-Methyl S-benzyl-N-carbobenzoxy-L-cysteinyl- 
L-tyrosinatezl ( I  .57 g.) was dissolved in 4 N hydrogen bro- 
mide in glacial acetic acid (8 ml.). The solution was allowed 
to stand a t  room temperature for 20 min. and then anhy- 
drous ether (240 ml.) was added. The decarbobenzoxyla- 
tion product settled out as a viscous oil on the sides of the 
reaction vessel. Ether was removed by decantation. 
The product was washed with two 25-ml. portions of ether, 
the ether again being removed by decantation. The oily 
product was dissolved in water (50 ml.). Potassium bi- 
carbonate (3.8 g.) was added and the resulting suspension 
was extracted four times with 30-ml. portions of ethyl ace- 
tate. The ethyl acetate extracts were combined, dried 
over anhydrous magnesium sulfate, and filtered. p-Nitro- 
phenyl acetatelo (0.54 9.) was added to the filtrate. The 
resulting solution was concentrated in vacuo to a volume of 
about 5 ml. and the concentrated solution was allowed to 
stand a t  room temperature for 3 days. Ethyl acetate was 
removed in vacuo. The residue was dissolved in glacial 
acetic acid (10 ml.) and then water (50 ml.) was added in 
an unsuccessful attempt to crystallize the product. The 
oily suspension was extracted five times with 25-ml. portions 
of ethyl acetate. The ethyl acetate extracts were com- 
bined, dried over anhydrous magnesium sulfate, and filtered. 
Ethyl acetate and acetic acid were removed in vacuo from 

(21) This compound was prepared by  the pnitrophenyl ester method 
following a procedure reported earlier from this laboratory (ref. 1). 
I n  the reported procedure the crude dipeptide methyl ester was saponi- 
fied and the resulting free acid was purified. In the present work the 
crude ester was purified by recrystallization from methanol and  water, 
m.p. 110-112°, [a]"~ -27.6O (c 2.1, dimethylformamide), [a]'% 
- 2 0 . 8 O  (e 2. 95% ethanol). The methyl ester prepared by the di- 
cyclohexylcarbodiimide method (ref. 1) when recrystallized from 
methanol and water melted a t  109-110° and possessed a rotation of 
- 27.5' in dimethylformamide (M. Bodanszky. unpublished). This 
aame dipeptide ester synthesized by the aside method has been re- 
ported to melt a t  110-111" and to possess a n  optical rotation of 
-30.5' in 95y0 ethanol [H. S. Bachelard and  V. M. Trikojus, J .  Chem. 
Soc. 4541 (1958)l. Since the observed rotation in 95% ethanol was 
not in agreement with the reported value, the dipeptide ester was Byn- 
thesized in this laboratory by the azide method and also by the mixed 
anhydride method [J. R. Vaughan, Jr., and J. A. Eichler, J. Am. Chem. 
Soe., 75, 5556 (1953)l. It was not possible by either of these prooe- 
diires to  obtain material with a rotation significantly different from 
-20.8' in 95% ethanol, the value found for the product prepared by 
the pnitrophenyl ester method. 

the filtrate. The oily residue was dissolved in ethyl acetate 
(10 ml.) and hexane (20 ml.) was added. The crystalline 
product was filtered; wt. 0.50 g., m.p. 130-135". It 
was recrystallized twice from glacial acetic acid (5 ml.) 
and water (20 ml.); wt. 0.26 g., m.p. 138.5-141.5', [aIz1~ 
-20.0" ( c  1, tetrahydrofuran). 

A n a l .  Calcd. for C ~ ~ H ~ ~ O ~ N Z S :  C, 61.4; H,  6.09; N, 
6.51. Found: C, 61.5; H, 6.13; JV, 6.47. 

Method B.-p-Nitrophenyl N-acetyl-S-benzyl-L-cystein- 
ate (1.12 g.) and methyl L-tyrosinateZz (0.64 g.) were dis- 
solved in tetrahydrofuran (34 ml.). The solution was 
allowed to stand at room temperature for 3 days. Tetra- 
hydrofuran was removed in v a m  and the residue was dis- 
solved in glacial acetic acid (10 ml.). Water (50 ml.) was 
added in small portions while the solution was heated to 
about 60". The solution was allowed to cool gradually to 
room temperature during which time the product began to 
crystallize. The mixture was stored a t  5" for 16 hr. The 
product was filtered and washed with water (25 ml.); 
wt. 1.18 g. It was recrystallized from ethyl acetate (20 
ml.) and hexane (40 ml.), wt. 1.05 g., m.p. 141.5-142.5O, 
[ C Y ] ~ D  -20.0" ( c  1, tetrahydrofuran). 

A n a l .  Found: C, 61.4; H, 6.25; K,6.46. 
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The reductive desulfurization of substituted 
thiophenes has been proposed as a synthetic route 
for the preparation of long-chain acids, ketones, al- 
cohols, and hydr0carbons.l The preparation of a 
straight-chain saturated hydrocarbon was ac- 
complished by the condensation of thiophene and 
an acid in the presence of phosphorus pentoxide, 
Clemmensen reduction of the resulting ketone, and 
finally, desulfurization with Raney nickel. Length- 
ening of the chain can be accomplished by further 
reaction in the 5-position of thiophene. Various 
branched-chain compounds can be prepared by the 
use of suitably &substituted thiophenes. 

The purpose of our investigation was to deter- 
mine whether this synthetic technique could be 
utilized for the preparation of partially fluorinated 

(1) H. Wynberg and A. Logothetis, J. Am. Cham. Soc., 78, 1958 
(1956). 
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compounds and thus provide a method for prep- 
aration of heat-stable fluids. -4s described pre- 
viously,2 the preparation of 2-heptafluorobutyryl- 
thiophene was achieved by a reverse Grignard 
technique. The attempted condensation of hepta- 
fluorobutyric acid and thiophene in the presence of 
phosphorus pentoxide, resulted only in the con- 
version of the fluorinated acid to  the acid anhydride. 
Other methods were equally unsuccessful. 

Reduction of 2-heptafluorobutyrylthiophene was 
unsuccessful via a Clemmensen or a Wolff-Kishner 
reaction using in the latter either 85% hydrazine 
hydrate or semicarbazide hydrochloride. Reduc- 
tive desulfurization with Raney nickel resulted in 
the isolation of the alcohol 1,1,1,2,2,3,3-heptafluoro- 
4-octanol. The partially fluorinated olefin and 
hydrocarbon were then prepared as shown by the 
following over-all scheme. 

0 0 

C1F7-C-Cl II + B r M g g  - C3F7-C 1'9 
OH 

I 
H 

pzo5 Raney Ni  I - C R F ; - C - C H ~ C H ~ C H ~ C H ~  - 
Cd?;-CH=CHCHzCHzCHZ Cat z C ~ F ~ ( C H ~ ) ~ C H Z  

In the reductive desulfurization reaction, a small 
amount of 1, 1,1,2,2,3,3-heptafluoro-4-octanone was 
also isolated. Attempted reduction of this ketone 
by the Clemmensen or WOE-Kishner reactions 
was unsuccessful. However, the ketone was easily 
converted in high yield to the alcohol by treatment 
with lithium aluminum hydride. 

Experimental3 

2-Heptafluorobutyrylthiophene.-An ether solution of 1 
mole of thiophene magnesium bromide was added slowly to 
an ether solution of 1.2 moles of heptafluorobutyryl chloride 
and worked up in a manner previously described.* Distilla- 
tion gave a 32% yield, b.p. 91.5-92.1' a t  32 mm., n z ' J ~  
1.43186. 

Anal. Calcd. for CBH~OF~S: C, 34.29; H, 1.08; F, 
47.47. Found: C,34.13; H,  1.25; F,46.85. 

The 2,4-dinitrophenylhydrazone, recrystallized from an 
alcohol-water mixture, melted at 90.2-90.8'. 

1,1,1,2,2,3,3-Heptafluoro-4-octanol.-2-Heptafluoro- 
butyrylthiophene (25 g., 0.09 mole), 250 g.  Raney n i ~ k e l , ~  
and 900 ml. of 9575 alcohol were stirred and refluxed for 16 hr. 
The alcohol was decanted and the nickel was washed with 
alcohol and ether. The solvents were distilled off, the re- 
maining liquid dried overnight over anhydrous sodium sul- 
fate and filtered. Fractionation gave 1,1,1,2,2,3,3-hepta- 
fluoro-4-octanol (9.5 g., 41%), b.p. 148.1-148.6O, n% 
1.34445. 

Anal. Calcd. for CSH11OF7: C, 37.51; H, 4.33; F, 
51.92. Found: C, 38.31; H, 4.64; F ,  52.65. 

There was also isolated tt small amount of 1,1,1,2,2,3,3- 

(2) S. Portnoy and H. Gisser, J .  Org. Chcm., 22, 1752 (1957). 
(3) .411 temperature readings are uncorrected. The analyses were 

carried out by  Wyanel Laboratories, Philadelphia, Pa. and by 
Schwarakopf Microanalytical Laboratory, Woodside, N. Y. 

(4) R. Mozingo, "Organic Synthesis," Coll. Val. 111, E. C. Horning 
ed., J. Wiley and Sons, Inc., New York, 1955, p. 181. 

heptafluoro-4-octanone (1.0 g., 4y0), b.p. 119.7-121.3", 
n% 1.326, semicarbazone 92.495.3". These values cor- 
respond to that found in the literature.6 

1, 1,1,2,2,3,3-Heptafluoro-4-octene.-Phosphorus pent- 
oxide (56.8 g., 0.4 mole) was placed in a 500-ml. flask and to 
this was added 1,1,1,2,2,3,3-heptafluoro-4-octanol (102.5 
g., 0.4 mole). The mixture was distilled and the material 
from 59-124' collected. The distillate was washed with 5y0 
Rodium bicarbonate until slightly alkaline and then washed 
twice with distilled water. The combined washings were 
extracted once with ether. The ether-distillate solution was 
dried overnight over anhydrous sodium sulfate, filtered, and 
stripped of solvent. Fractionation through a 3-in. column 
with '/*-in. helices gave 1,1,1,2,2,3,3-heptafluoro-4-octene 
(25.4 g., 27%), b.p. 105.3-106.2", n26~ 1.32980. Infrared 
spectra (max. a t  5.98 p )  confirmed the olefin. 

Anal. Calcd. for C8HOF7: C, 40.34; H, 3.81; F, 55.85. 
Found: C, 40.52; H, 3.86; F, 55.39. 

1,1,1,2,2,3,3-Heptafluoro6ctane.-In a Parr hydrogena- 
tion apparatus was placed 1,1,1,2,2,3,3-heptafluoro-4-octene 
(16.8 g., 0.7 mole), 60 ml. of dry ether, and 90 mg. of plat- 
inum oxide catalyst.s After 26 hr. of hydrogenation, the 
solution was filtered, stripped of ether, and fractionated 
through a 3-in. column containing l/s-in. helices. This gave 
1,1,1,2,2,3,3-heptafluoro octane (13.3 g., 79'%), b.p. 108.8- 
109.6' a t  751 mm., n 2 6 ~  1.3226. Infrared spectra showed 
the absence of the double bond. 

Anal. Calcd. for C ~ H I I F ~ :  C, 40.01; H,  4.62; F, 55.38. 
Found: C,40.48; H, 4.63; F, 55.41. 

(5) K. T. Diahart and R. Levine, J .  Am. Cnsm. SOC., '78, 2268 
(1956). 

(6) R. Adams, V. Voorhees, and R. L. Shriner, "Organic Synthesis," 
Coll. Vol. I, H. Gilman, ed., J. Wiley and Sons, Inc., New York, 
1941, p. 463. 
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Arnold and co-workers' have shown that certain 
cyclic amide esters of phosphorylated nitrogen 
mustard have outstanding properties as anti- 
cancer agents. As a result compound IV (Cytoxan) 
has found successful clinical application in the treat- 
ment of certain cancers in various countries. It 
has been claimed2 that IV acts as an inactive "trans- 
port form" which is reactivated in cancerous 
tissue by enzymic cleavage and removal of the 
electron-attracting phosphate group, thereby liber- 
ating free nitrogen mustard in situ. The same 
authors have also shown that a three carbon unit 
particularly as an aminopropane group as in (IV) 
in the heterocyclic ring system greatly enhances 
the clinical usefulness of the compounds. 

(1) H. Arnold, F. Bourseaux, and N. Brock, Arzneimittsl-Forsch,, 

(2) H. Arnold and F. Bourseaux, Angew. Chem., 70, 539 (1958). 
11, 143 (1961). 


