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was stirred for 40 rnin a t  room temp. The s o h  was then poured 
slowly into ,500 ml of ice-cold 2 S HCl (pH 1.0). The mixture 
was extracted with Et,OAc and the acids were extracted from t,he 
EtOAc with a s o h  of NaHC03 to  pH 7.8. The alkaline soln was 
reacidified with 2 A' HCl to pH 2.0 and reextracted with Et'OAc; 
this extract, was washed with HzO and dried (RIgSOa). The 
solvent was evapd and the residue was tritnrated with petr 
ether to give a powdered product which crystallized from 50yc 
EtOH. The physical data and yields are summarized in Tables 
I and 11. Ir spectra were consistent' with the required struct'ures. 

3-Acyloxymethyl-7- [2-(thienyl)acetamido] -3-cephem-4-car- 
boxylic Acid 1-Oxides (VI).-3-.4cylox~~methyl-7-[2-(thienyl)- 
acetamido]-2-cephem-4-carboxylic acid (1 mmole) was dissolved 
in a minimal amount of CHC13 at room temp and 0.95 mmole of 
85y0 m-chloroperbenzoic acid was added. The mixture was 
aarmed slightly and pptn commenced. After being stirred for 
15 min at room temp, the solvent was concd to a small vol; the 
pptd crystals were filtered and recrystd from EtOH. The phys- 
ical constants, yields, and other pertinent data are given in Tables 
I and 11. 

3-Acyloxymethyl-7- [2- (thienyl)acetamido] -3-cephem-4-car- 
boxylic Acids (VII).-The corresponding sulfoxide VI (1 mmole) 
and SnCla. 2H20 (2.5 mmoles) were dissolved in 18 ml of DMF. 
This solution was cooled in an ice bath, and 2.5 ml of AcCl was 
added. The mixture was stirred at 18" for 15 min, then poured 
into 40 ml of cold H20, and extracted with EtOAc. The ex- 
tract was washed with H2O and then dried (MgS04). The solvent 
was evapd, and the residue displayed one spot in tlc. Com- 
pound VI1 could be recrystd from EtOH-Ha0. Isolated com- 
pounds VI1 displayed a single biologically active spot on bio- 
autograph. The physical data and yields are listed in Tables I 
and 11. 
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Biological data are shown in Table 111. 
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Twenty-two thiosemicarbazones of 1-formylisoquinolines bearing additional substituents in the pyrido or 
benzo ring were synthesized and tested against a number of mouse tumor systems in vivo in an attempt to im- 
prove on the parent compound. The major test tumors were L-1210 leukemia, sarcoma 180 (ascites), L-5178Y 
lymphoma, C-1498 myelogenous leukemia, and the Lewis lung carcinoma. Occasional screening was performed 
using B-16 melanoma, Ehrlich ascites carcinoma, and sarcoma 180 (solid). The additional substituents studied 
were: 2-oxide, 3-methyl, 4-acetoxy, 4-hydroxy, 5-cyano, 5-sulfonic acid, 5-sulfonic acid ammonium salt, 5- 
chloro, 5-fluoro, &nitro, 5-acetoxy, 5-hydroxy, j-trifluoromethyl, 5-n-perfluoropropyl, 5-carboxy, 6-methoxy, 
7-acetoxy, 'I-flUOr0, 7-chloro, 7-hydroxy, 7-methoxy, and 8-fluoro. No simple parametric rationale could be 
found for the effect of additional substituents on activity against a given tumor system. The order of sub- 
stitnent effects changed markedly from one tumor system to another. This negates the validity of any gen- 
eralized parametric statements. A complicating factor was that 17 of these 22 compounds were more or less poorly 
absorbed. A number of active compounds in the isoquinoline series and in the corresponding pyridine series 
have been studied in other laboratories as inhibitors of DNA synthesis in cell-free systems, in cellular systems, 
and in vivo. The powerful inhibition of DNA synthesis (,-lo-7 11.4 for 50% inhibition) in all cases studied in- 
volves a blockade of mammalian tumor derived ribonucleoside diphosphate reductase (RDR). These com- 
pounds are tridentate ligands for transition metals including iron. As a consequence, a detailed model is pro- 
posed for the functioning of RDR and for inhibition of this activity by these ligands. 

Since the discovery that  1-formylisoquinoline thio- 
semicarbazone (1) is very active against a variety of 
mouse tumors,2 there has been considerable interest in 
this laboratory and in others to find more active deriv- 
a t i v e ~ . ~ - ~  

CH=NNHCSNHZ 
1 

* To whom correspondence should be addressed. In  this study 22 derivatives substituted in either the 
(1) (a) This investigation was supported by Grant CA-03287 from the 

National Cancer Institute: (b) presented in part at the 169th National 
Meeting of the American Chemical Society, New York, N. Y.. Sept 1969, 

pyrido or benzo ring have been synthesized and tested 
On a variety Of tumor systems* 

Abstract MEDI-76. Chemistry.-Some of the &substituted l-formyl- 
isoquinoline thiosemicarbazones included in the present 

700 (1968). study (Table IV) have been described ~ rev ious lv .~  
(2) F. A. French and E. J. Blana, Jr. ,  Cancer Res., 26, 1454 (1965). 
(3) K. C. -4grawal. B .  A.  Booth, and A. C. Sartorelli, J. X e d .  Chem., 11, 

(4) K. C. Agrawal and A. C. Sartorelli, ibzd., 12, 171 (1969). The -unreported 5- and 8-substituted 1-rnethylisoqk- 
nolines (Table I) were prepared from 1-methyl-&nitro- 
isoquinoline (I, Scheme I). 

(5) K. C. Agrawal and A .  C. Sartorelli, J .  Pharm. Set., 67, 1948 (1968). 
(6) K. C. Agrawal and A. C .  Sartorelli, 156th National Meeting of the 

Imerican Chemical Society, Atlantic City, N. J.. Sept 1968, MEDI-39. 



l l i w i i  :inti Hogart7 reported tlie 11) drogetiatioii of 
,j-riitroi.ocluirioliric to 3-:iniirioi;.ociuiiiolirie using I'd-(' 

vj-Amino-l-meth~ li~oquiriolirie (11) 11 a\ pre- 
tile -:me method iti*te:id of by the SriC12 re- 

cluctioii uwd b j  Agrav al. ) .S-Xmirio-l-nietliylisoc~ui- 
tiolinc (11) \\a. converted into 111, VII, T7111, arid XI 
b j  yuit:iblc dinzotization rexctioni described in the 
li ter:itm.v to i t  .S-:tmiiioi~o(lilinoiiti~~.~-lll l-AIethyl-5-per- 
fliioro-ri-lrop) liwluiiioliiie (XII) I\ prepared b j  
tre:ititig .S-iodo-l-iiietli\ lisoyuiiioline (XI) \$it11 :icti- 
v: i td  ('u bronze" :irid perfliioro-rr-propyl iodide in 
DA\ IS0 :it 120". 

Chboril ci u1.I converted k h l o r o -  iiitu S-uniinoiso- 
quliiolriic bjr iiitratiori to 3-cliloro-S-riitroisoquinolirle 
: ~ i i d  w b q u e r i t  reduction ot SOL arid removal of C1 by 
H? iiitli 67c Ptl CaC03 a 5  :I catallst .  Similarly, 3- 
chloro-1 -methj liioquinoliiie (111) w:tb converted into 
S-:imi t i o -  1-metli~lisoquinolirie (Y) . The resulting 
L ~ I ~ I I ~ C  IT \\ a 5  diazotized and coiiverted into S-fluoro- 
I-metlii Iisoquiiioline (T'I) b) :i Scliiemanri reaction 
.;Xi\ :tno-l-metliyli~oquiriolille (YIII) n as trari+ 

f o i  niod 111 2 steps to 1-niethj li~ocjuinolirie-:,-carbos? lic 
:icicl ( IX) .  The cjar iu  derivative could riot be h j -  

tl\ to the acid derivative ni th  S a 0 H .  
stopped a t  the amide htage. The miidc 

\\ :L+ then liydroly7cd in coricd €IC1 a t  refluxing tempmi- 
turc to  IX. The acid IX :illo\ved to  react iiitli 
SL', :itid HI? a t  lc50" to yield l-nietliyl-3-trifluoroni~tlij 1- 
1-oc~ulI l l~l l r ie  (X). 

Tlic (i- arid i-iubbtitutecl I-nietliyli.ociuiiioliiies \\ ere 
pre j ) : i r~ l  from suitable N-acetyl phenethylamiiies b j  
the  13i-cliIei-?;npier:~lilii 5 )  iitlie (Scheme 11). Thc 

. 

t i 1  I:. Mirani arid AI. T. I h g a r t ,  . J .  Ora.  C h e m . ,  10, 3-1; (19451. 
(8) R. 11. F. AIanske and &I. Knlka, Cnn. J .  IZea., 27B, 161 (1949). 
($1)  A .  Edinger, J .  f m k t .  Chem., 161, 375 (1896). 

le, J .  Amer.  Chem. Soc.. 73, 687 (1961). 
Organic Cliemiutry," Longmans, Green and 

(12) Method taken from 1'. P. R .  McLangliiin, .J. Thrower, AI. .I. II 
Ifemin. , I .  S. Pipyett, and M. A .  White. Royal 'lircraft Escablishrnent 
Terlinical Report ?io. 66341, Oct 11166. 

(lY.,F) t 

(I:{) A .  R .  Osborn, K. Schofield, and L. N. Short 

(14) h l .  I:. Aloiire. 11.  13. isrigkit, 11. T-ernstein, AI. I'reifelder, and R .  ti. 

113) k', \\-. Starka,  Private communication. li4iiti. 
116) K. .\. Robiuson, J .  .dmer. Chem. soc., 69, 1'3:I'J ~ l ! J . I T l .  

Hichards, .I. d m e r .  Chevi. Soc. .  7 6 ,  36B6 (1'354). 
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= 7-methoxy (22) = S-fluoro (23) = 5-hydroxy (13) = 
.j-acetoxy (12) = 5-chloro (9). I n  C-1498 only the 
parent compound 1 showed significant activity. I n  
the Lewis lung carcinoma only the parent compound 1 
and the 5-fluoro derivative 10 showed activity. With 
the B-16 melanoma only the 7-fluor0 derivative 19 was 
active. S o  compounds were active on sarcoma lS0 
(solid). I n  marked contrast, most of the thiosemi- 
carbazories were active on sarcoma 180 (ascites) and 
most of the active compounds yielded a significant cure 
rate. The parent compound was the most active. 
Hence S-180 (ascites) may be regarded as a sensitive 
tool for demarking the borderlines of activity but it is 
n poor tool for meaningful comparisons within that do- 
main. 

5-sulfonic acid 
SH,  salt (8) = i-hydroxy (21) = 7-chloro (20) < 6- 
riiethoxy (17) = 5-chloro (9) = 5-hydroxy (13) = i- 

The order of toxicity is, roughly: 

"activated 

fluoro (19) < 5-sulfonic acid (7) < 4-acetoxy (4) = 
4-hydroxy (5) = 5-cyano (6) < 7-methoxy (22) < 3- 
methyl (3) < N-oxide (2) = none (1) = 5-acetoxy (12) 
= 5-perfluoropropyl (15) = 8-fluoro (23) = 5-fluoro 
(10) = 7-acetoxy (18) < 5-carboxy (16) = 5-trifluoro- 
methyl (14) = 5-nitro (11). 

N o  simple correlation based on  electronic, steric or 
hydrophilic parameters is apparent. This was also 
rioted in the pyridine series." We feel the available 
evidence points to the necessity of knowing more about 
the detailed structure of mammalian tumor-derived 
ribonucleoside diphosphate reductase necessary for 
D S A  synthesis. 

The foregoing commentary and the data in Table IT' 
apply only to the single daily dose mode of administra- 

(17) E. J. Bland, Jr.. F. A .  French, J. R .  DoAmaral, and D. A. French 
J. M e d .  Chem., 13, 1124 (1970) 
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tioii. With the hydroxylated derivAtivw, both ill tlic 
p j  ridine and isoquinoline series, it 1 i a h  been ob-erved iii 

this l a b ~ r a t o r g , ~ ~ > ~ *  a t  CCi\;SC,lg and by Agrawal and 
SartorelliE that very different arid iniproved r ed t : :  are 
hometimes obtained using multiple daily dosage. 111 

the study by Agrawal and Sartorellij it is especially note- 
worthy that n ith the highly insoluble 3-hydroxy-l- 
formylisoquinoline thiosemicarbazone (13) conversion 
into the nioriosodiuni salt yields greatly improved re- 
\tilts on L-1210 leukemia. With the more s iluble thio- 
bemicarbazones bearing phenolic OH groups the differ- 
~ n c ( ~ s  in the results v-ith the phenolic z's. the salt 
t'ormq are much les5 signihcant and sometimes tlir 
phmolic form appears to be slightly more active. 

(18) This laboratory, unpublistied data. 
I 1 '0 I ) r .  I l a r ry  I:. \Vood, J r . .  p r i r a t r  cu in inun icauon .  1U6Y. 

Severthele>-, tlic S i r  d t -  I\ ould :i1)pe:11' t o  b c l ,  111 R V I I -  

eral, the preferred dosage form. 
A complicating factor in the interpretation of the dat'i 

in Table IT' i q  the fact that  many of these conipouiul- 
\\ere so insoluble 2 j 1  L Z L O  that they left small to hrgv 
drug deposits. Tliii I\ a s  the case, in var) ing degree<. 
ilith 2-6, 9-11, 13. 15, and 17-23. 

Also, it is important to note that  while the 1,-1210 
strain used in tliiq 1abor:itory i:, the same a. t l1 ; r t  U W I  
a t  CCNSC it i i  ql]m"wtl\  -ignihcantlp different froni 
the Tale strain. This add. to the comp1ic:itioii. o f  
interlaboratorj coinparl<ori of results. 

Mechanism of Action. --Since n P arc> propohiiig 1101 
ordv a proviiioiid \truCtui ed model of tlic, nic5ch;i- 



1-FORMYLISOQUINOLINE THIOSE~LIIC.~RBAZO.VES 

TABLE I11 
SUBSTITUTED 1-FORMYLISOQUINOLINE TIIIOSI.:MIC.~RB.~ZOSES 

I 
CH=NNHCSYH- 

Compd M p ,  OC dec Formula Analyses 

S-Oxidea 234 235 CIiHioNnOS c, II, X, 8 
5-COOH’ 245-246 CisHioK;aOnS .- 

0.23CZHjOH C, 13, N, S 
5-Cl 247-248 CiiHsClKaS C, HI C1, N, S 
5-CN 247-248 Ci2HsX.S C, H, XI S 
3-F 231-232 CiiHgFNaS C, H, N 
3-CF3 212-213 CizH83N4S C, 5 ;  Hc 
:)%-C3Fi 224-223 CizH8FlN4S C, HI S 
6-OCH3 238-239 C12HlZN40S C, HI N, S 
7-C1 243-246 CiiHoClXaS C, H, Cl, X, 8 
7-F 239.5-240.5 CiiHyFNaS C, HI N 
7-OCH3 228-229 CirHizN40S C, HI N, S 
? - A d  223-226 Ci3HizNaOzS C, HI X, S 
7-OHd 250-251 CiiHioNaOS C, H I  N, S 
4-F 232-232.3 CILHgFNIS C, H, S 

0 Prepared from crude 1-formylisoquiiioliiie S-oxide. * Pre- 
pared by hydrolysis of nitrone. c H :  calcd, 3.04; found, 3.61. 
d Compound was obtained by directly treating the acid hy- 
drolyzed solution of 7-acetoxy-1-formylisoquinoline with a 
solution of thiosemicarbazide followed by neutralization (Na- 
OAc). 

nism of action of this generic class of compounds but also 
a model of the mode of action of the target enzyme, a 
brief review of the experimental observations and spec- 
ulations leading to  these models is in order. The essen- 
tial structural features of the molecule are shown in 
A. It \vas postulated by French and Freedlander20 

heteroaromatic ring system Pr 
A 

that  compounds of this generic class could act as tri- 
dentate ligands for suitable metal ions of the first transi- 
tion series (B). This postulation has been verified by 

NH- 
€3 

the precise X-ray crystal structure determination 
of bis(isoquino1ine-1-carboxaldehyde thiosemicarbaza- 
nato)nickel (11) monohydrate by Mathew and 
Palenik.2l At the in vivo level the first evidence was 
the fact that  2-formylpyrazine thiosemicarbazone not 
only possessed antitumor activity but caused urinary 
and fecal excretion of Fe in mice and rats as the green 
ferrous complex.22 

(20) F. A. French and B. L. Freedlander. Cancer Res., 18, 1290 (1958). 
(21) M. Mathew and G. J. Palenik, J .  Amer.  Chem. Soc., 91, 6310 (1969). 
(22) F. A. French, A. E. Lewis, E. J. Blanz, Jr., and A.  H. Sheena, 

Fed. Proc., Fed. Amer. SOC. Ezp. Bzol., 54, 402 (1965). 

TABLE IV 

~-E’UKMYLISOQVINOLINE T H I ~ s ~ . M ~ c . \ R B . ~ z o ~ I ~ s ~  
AhiTITUhIOR ACTIVITY OF 8IJBBTITUTEU 

qN 
CH=XNIICS”, 

-L-lZl(h -L-5178T- -S-180 ascites- 
Dose, % Dose, “/o Dose, % 

KO. Substituent mg/kg T I C  Ing,’kg T/C mg/kg T / C  
1 None 67 163 67 16.5 35 326(50Ib 
2 S-Oxide 150 116 75 105 100 169 
3 3-CHsc 100 107 71 105 100 174 
4 4-AcO‘ 400 99 200 238 (10) 
3 4-OH‘ 400 11.j 200 1x2 (20) 
6 .i-CK 400 111 400 104 200 109 (10) 
7 .i-SOaHe,’ 400 107 400 140 
H .j-SOlXH, 400 107 400 131 (10) 
9 3-C1 100 104 75 1X) 73 246 (10) 

10 ,i-F .i0 164 40 133 40 227 (20) 
11 5-NOI’ 60 11X 40 140 40 289 (30) 
12 3-Ac0’ i . )  136 .io 125 80 234 (10) 
13 T)-OHJ 200 124 200 12*-) 200 249 (30) 
14 B-CF, 30 140 2.5 122 2.5 160 
13 5 v G j F ,  30 103 30 112 20 93 (10) 

17 6-OCH3 200 111 150 100 (20 )  
18 7-AcO 100 110 .i0 119 30 198 (10) 
19 7-F 200 139 130 139 100 285 (10) 
20 7-C1 400 103 200 128 
21 7-OH 400 104 200 111 
22 7-OCH3 141 134 71 127 50 267 (20) 
23 8-F 100 140 1 , j O  126 100 238 (10) 

- -  

16 5-COOH 60 118 30 129 50 106 

Six to ten mice were used in each experiment. See Experi- 
mental Section for antitumor test, procedures. Detailed data 
too numerous to be reported here will be published in Cancer 
Chemotherapy Reports. * No. in parent,heses are per cent 60-day 
cures. e K. C. Agrawal and A. C. Sartorelli, 155th Sational 
Meeting of t’he American Chemical Society, San Francisco, 
Calif., April 1969, PVIEDI-16. e This compound was 
neutralized with NaHC03 before administration. 

See ref 6. 
See ref 3. 

l l oo re  and 12eichardZ3 noted the stimulatory effect of 
Fe3+ on crude cytidine diphosphate reductase isolated 
from the Sovikoff hepatoma. Sart80relliZ4 made the 
important observation that 1 is a very potcnt inhibitor 
of the synthesis of I I S A  by sarcoma 180 ascites cells 
iri vivo and has relatively little effect on R S A  and pro- 
tein synthesis. He also found that Fe is involved in 
this interaction. It has since been established in part 
by R/looreZ5 and by Sartorelli and c o l l e a g ~ e s ~ ~ - 2 ~  that 
ribonucleoside diphosphate reductase derived from the 
mammalian tumors studied has an obligatory require- 
ment for Fez+. These observations have been inde- 
pendently verified a t  Southern Research Institute using 
a partially purified ribonucleoside diphosphate reduc- 
tase (RDR) derived from H. Ep.-2 cells (human epider- 
moid carcinoma  cell^).^^'^^ It cannot be asserted with 
(23) E. C. Moore and P .  Reichard. J. B i d .  Chem.. 539, 3453 (1964). 
(24) A. C. Sartorelli. Biochem. Biophys. Res.  Commun., 51, 26 (1967). 
(25) P.  Reichard, “The Biosynthesis of Deoxyribose,” Wiley. Kew York, 

(26) A. C. Sartorelli, M.  S. Zedeck, K. C. Agramal, and E. C. Moore. 

(27) R. L. Michaud and A. C. Sartorelli, 155th National hleeting of the 

(28) A. C. Sartorelli, B. A. Booth, and E. C. Moore, PTOC.  Amer.  Ass. 

(29) A.  C .  Sartorelli, personal communication, 1969. 
(30) R. W. Brockman, personal communications. 1969 and 1970. 
(31) R. W. Brockman, R. W. Sidwell, G. Arnett, and S. Shaddix, Proc. 

N. Y., p 46. ref 46; E. C. Moore, private communication, 1968. 

Fed. Proc., Fed Amer. E x p .  Biol., 57, 650 (1968). 

American Chemical Society, San Francisco, Calif., April 1968, X-54. 

Cancer Res., 10, 76 (1969). 

Sac. E z p .  B i d .  M e d . ,  133, 609 (1970). 



Experimental Section 
Antitumor Tests. .'L'he miw used ill t ime esperinieiils \veri* 

TI] L-I210 ol)taiiied from Si~~luiiscii Laboratories, Gilroy, Calif. 
- . ~  

( 3 2 )  I;. A. l;reiich a d  L .  J. Ulanz, Jr.. J .  ,%led. Chem. ,  9, 5x5 I lUSt i ) .  
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enzyme 

+ HOH + R S S R +  C 
/ \  

H R2 RlR2CHOH -I- ERSH + R, RZCH2 + RSSR + H20 

A ,  B,and C ore ligands 

AF = N - 12.7 K Cal (Estimated) 

Pauling bond energies, A H =  - 1 3 . 9  K Cal  (AS small) 

leiikemia, L-5178Y lymphoma, and C-1498 myelogerioiis leitkemia 
BDFI mice mere inoculated intraperit,oneally with lo6 tumor cells. 
In sarcoma 180 (ascites) and t'he Ehrlich ascites carcinoma S 
mice were inoculated intraperitoneally with 2 X lo6 and 10-20 X 
106 tumor cells, respectively. I n  the above tumors increase in 
survival time is the index of activity. I n  L-1210, C-1498, and 
L-517XY 7cT/C (treat'ed/control) 2 125 is considered positive; 
in 8-180 (ascites) and the Ehrlich ascites carcinoma the %TIC 
must be 2 150. I n  the Lewis lung carcinoma and the B-16 
melanoma BDF, mice were given inoculations in the groin of 0.2 
ml of a suspension of approximately 40 mg of tumor tissue in 
normal saline. In  sarcoma 180 (solid) the same procedure was 
followed, however Swiss mice were used. The tumors were ex- 
cised and weighed (in 11 days with the Lewis lung carcinoma, 
13 days with B-16 melanoma, and 7 days with 5-180 solid). 
Inhibition of tumor weight is the index of activity. A %TIC 6 
30 is considered positive. The finely ground drugs were suspended 
in a solution of st'erile, distilled water with a drop of Tween 80. 
Doses were determined with preliminary t,oxicity test's. The 
drugs were given daily, intraperitoneally, at  approximately the 
maximum tolerated doses starring 24 hr after tumor inoculation. 

Chemical Procedures.-Melting points are corrected and were 
ineasured on a Thomas-Hoover capillary melting point apparatus. 
Microanalyses were performed by Berkeley Analytical Labora- 
tory, Berkeley, Calif. and by Micro-Analysis, Inc., Kilmington, 
Del. Where analyses are indicated only by symbols of the 
elements, analytical results obt'ained for those elements are within 
~ 0 . 4 %  of the t'heoretical values. I r  spectra were determined on 
a Perkin-Elmer Model 700 spectrophotometer. 
5-Cyano-1-methylisoquinoline (VIII).-5-Amino-l-methyliso- 

quinoline (11, 15.8 g, 0.1 mole) was suspended in 250 ml of H2O 
and 20 ml of concd HC1. The stirred suspension was cooled to 
0-5' and NaN02 (7 g, 0.1 mole) dissolved in 25 ml of HzO was 
added dropwise to form the diazonium salt, solution. This was 
neut,ralized with ?;azC03. PhMe (250 ml) was added to a solu- 
tion of K2Ni(CK)4 (16 g, 0.062 mole) in 200 ml of H10. The 
above neutral diazonium salt, was added dropaise to this stirred 
suspension. XZ evolved immediately and the total addition 
t,ime was 0.5 hr. After stirring for 1 hr longer the temp was 
slowly raised to 50". The reaction mixture was filt'ered; the 
organic layer was sepd from the aq layer and dried (MgSOd). 
The residue that was obtained from the evaporation of Phhle 
was sublimed a t  150" in zlucuo and finally crystallized from petro- 
leum ether to give 6.0 g (36%) of product., mp 145-146'; ir 
(KBr) 2230 cm-I (CEN). 
1-Methyl-5-trifluoromethylisoquinoline (X).33-5-Carboxy-l- 

methylisoquinoline (50 g, 0.27 mole), SFI (90 g, 0.83 mole), and 
H F  (54 g, 2.7 moles) were charged into a 1.4-1. Hastelloy auto- 
clave and heated with rocking a t  150" for 16 hr. The autoclave 

' 

(33) This intermediate was purchased from Peninsular Chemresearch, 
We thank Dr. T. W, Brooks for providing Calgon Corp., Gainesville, Fla. 

us with the synthetio details for publication. 

\vas theii cooled to  anibieiit temp aiid veiited. The volatile 
material ill the autoclave \vas then vacuum pumped through a 
YaF trap to remove HF. The brow1 residual mixture of solids 
and liquid was then made basic with 10"; aq NaOH aiid ex- 
tracted wit,h EtZO. The Et20 extract, was evap on a warm HIO 
bath with t,he aid of a water aspirator. The resulting brown solid 
residue, which appeared to  be crystalline, weighed 53 g. A pur- 
t.ion of this material (14 g)  was sublimed and crystallized from 
petroleum ether (60-110'): yield, 10.6 g; mp 84-83'; ir (Nujol) 
1200-1350 cm-' (CF3). 

1-Methylperfluoro-n-propylisoquinoline (XII).-Perfluoro-n- 
propyl iodide (18.3 g, 0.062 mole), activated Cu bronze (16 g), 
and 150 ml of DMSO were heated on an oil bat'h at  90". The 
reaction vessel was equipped wit,h a thermometer, stirrer aiid a 
reflux condenser that JYas cooled to approx -60". The temp of 
the oil bath was gradually increased to  120°, at  which time ail 
exothermic reaction occurred. Bfter stirring for an additional 
hour, 16.2 g (0.062 mole) of 5-iodo-1-methylisoquinoline (SI) 
was added to the react,ion mixture and heat'ed and stirred 1 hr 
more. The reaction mixture was cooled and a yellow solid 
crystallized, which was filtered and washed with H20. The 
DMSO solution was diluted to 1 1. with H20 and the ppt was 
collected and washed thoroughly with H20. Both solids were 
combined and dried over P205 in a vacuum desiccator. The solid 
material was sublimed and t'hen crystallized from petroleum 
ether (60-110") to yield 7.4 g of product, mp 61-62.5". 

1 -Pyridiniummethyl-l-isoquinoline-5-sulfonate.-l-Pllethyl- 
isoquinoline-5-sulfonic acid3 (10 g, 0.045 mole) and IZ (11.4 g 
0.045 mole) was added to 400 ml of pyridine. The dark solutioii 
was heated with stirring a t  reflux temp for 15 min when the prod- 
uct began to crystallize. The resulting mixture was stirred and 
heated for 45 min longer and then cooled to ambient temp. 
The solid material was then filtered, washed well with cold HzO, 
arid dried. The yield of the salt (12.5 g) was 93Yc mp >300". 
And.  (C,,HI2NZO3S) X, S; C:  calcd, 59.98; found, 59.32; H: 
calcd, 4.03; found, 4.57. 
1-Formylisoquinoline-5-sulfonic Acid Thiosemicarbaz0ne.-1- 

I'yridi1iiummethylisoquinoline-5-sulfonate (12 g, 0.04 mole) 
was added to 400 ml of HzO containing 3.2 g of NaOH. S,iY- 
~imethyl-4-nitrosoatiilirie (6.0 g, 0.04 mole) dissolved ill 400 nil 
of pyridine was added to this solution. The dark red-orange 
solution was allowed to stand overnight at  room temp. The 
solution was evapd in vacuo to dryness. The resulting orange 
nitrone was washed with EtOH and Et20 and dried. The crude 
d r o n e  (10 g )  was dissolved in 225 ml of H20 containing 7.5 ml 
of concd HCl and 75 ml of EtOH. The deep purple solution was 
treated with 1 g of Norit arid filtered. The purple solution was 
added to 700 ml of boiling H20 containing 2.3 g of thiosemicarba- 
aide. After a few sec the solution turned yellow orange and the 
yellow thiosemicarbazone pptd. The ppt was washed succes- 
sively with 100 ml of boiling HZO, 100 ml of boiling EtOH, and 
100 ml of Et20 arid dried. The yield of the thiosemicarbazoiie 




