
liaecl with isopropyl ether. Rec tallizatioii o f  the solid from 
isopropyl ether gave 6.8 g (02 of rrythro4 - )-2-methyl-2- 
( a-inet Iiyl-@-et tiosyplieii et h>.l ) -p -  t 01 I ii I. i r i p  
124-125: vmar (mull) 3240 sharp ( N H ) ,  1645 (hydrazide ('ai-- 
hoiiyl), arid 1085, 1075 (ether) rm-' :  nnir. .Ja-o  3.4 cp-, C?H;(.) 
shown as triplet a t  -1.3 ppm arid qiiartet :it -:3. ,5 ppm: [ a ] " ~ )  
-50.63" (c 2.5, CHCls). 

:i $ i d  hyt Ira x idc, : 

The Chemical, Spectral, and Biological Properties of Monomethine Cyanine Dyes 
Containing 1,3-Benzoxazine and Quinazoline Nuclei 

The qnatertiary salts, 5,6,7,8-tetrahydro-4-met~~~lthio-2--pheri)-lbrii~c1~azi1i-l-iiirii iodide and 5,G,i,S-tetr:i- 
hydro-1,2-disub;itituted 4-methylthioqiiirrazolii~-l-iii~i iodide* readily interact w i t h  the alkyl iodide *:iIt- ( i f  2- 
rriethylberi~oxazole, 2--methylberrzothiazole, and 2-methylyriinolir~e t o  yield ri~otii~inrthii~r cy:triiiie ilyr;;. Ttw 
chemical, spectral, arid hiologicd properties of t h e v  . ;~r t~stai ic~r~ :ire, disc.ii5s~etl. 

The principal use of quaternary nitrogen containing 
heterocycles has been in the synthesis of cyanine dyes.' 
Blthough virtually all such heterocyclic, compounds 
have been studied ext'ensively in this regard, thcb 
quinazoline group has received relat'ively lit'tle atten- 
ti or^.'-^ This is particularly evident in the case of thv 
quaternary salt,s of 4methylthioquinazoline sincie i t  
has remained undeteriniried whether the I- or th(. 
:<-nit,rogen becomes quaternarized in the reaction ai' 
lhe heterocyclic base with the alkyl halide.5 I t  a p -  
peared to us that this difficulty could be easily circuni- 
vented if the S-1 of the heteroryclic base were already 
substituted. 

111 a previous conimuriication from our laboratory. 
reported on the synthesis of 5,Bj7,8-tetrahydro-l,2- 

disubstit,uted quinaxoline-4-thiones ilia condensatioii 
of morpholiiiocyclohexerle with aroyl isothiocyanate,< 
or interaction of S,6,7,8-tetrnhydro-2-substituted 1,3- 
beiixoxaxiiie-4-thiorie with primary amines.fi hnother 
:ispevt, of this study has shown that surh tetrahydro- 
ciuinnzolines can be readily formed through rondensa- 
t ion of iiiorpholiriocycloheseiie with S-substit,uted- 
i midoyl isot,hiocyaiiate~.~.~ Consequently, the result- 
iiig lietero(y*lw readily lent thciiiselves to quaternuri- 
z i t  ion to form reactive interniediatrs whirh could bc 
oiiiployecl in ryanine dye synthesis. In Schcnie I 
:tr(' slio\\n two sequences \Thereby the desired tlycs n.erc~ 
I)i*epared. 

In sequence a ,  ~ ,R, i ,8- te t rahydro-2-phei iyl- l ,~~-~~ei i~-  
ox:uine--t-thione (1) was qunternarized according to 
1 lie method of Hunig arid Hubnerg to .i,Ci,i,B-tetrahydro- 
l-111c~tliylthio-2-pheiiyl-1,3-bei~zoxazi1i-l-iuni iodide (2). 

! I )  F. Hamer in "Chemistry of IIeterocyclic Compounds." The Cyanine 
l l g e h  and Related C'ompounda. Vol. 18, .I, \\ eisaberrer, &:(I., Intersciencr 

, Inc., Nen- l - o r k .  N. Y., 1964. 
( 2 )  \\-, liijnig. German Patent 410,487 (Jiine 4, 1922). 
( 3 )  1:. AI. Ilamer, I. h1. Heilbron, .J. El. Reade, a n d  11. hI .  \ ! ' a h  .I. C'hem. 

(4) 11. A I .  .\nker and .i. €1. Cook, ibzd . .  488 (1944). 
( 5 )  .I. I) .  Kendall, British Patent 425,609 (Sept 12, 1933). 
( t i )  11. \ \ .  .J. Carney, .J. \Voj tkunski ,  and G .  deytevens, J .  Oru. Chum.. 29, 

(71 H .  hl. Ijlatter and H. Lukaszelvski, ib id . ,  31, 722 (1966). 
(8 )  0 .  deSt?\.rn;i, t!, 11. Matter ,  and It. \ \ .  .J. Carney, I n u u i ! , .  Chim., 78, 

( ! I )  S ,  I I u n i ~  and  K. Hiibner. Chum. Bur., 91, 9 3 i  (19621, 

Stic. ,  251 (1932) .  

2887 (1961). 

125 (1966). 

n 
1 L 

5 6 s -  - 

6 

The latter siit)ztnncc waq then :dlon-ed lo  rc:tcal \vi111 thc  
appropriate heteroryrlic intermediate containing :III 

activated methyl group (e.g., '2-iiietliylbenxothiaxolr 
methiodide). 111 thih way, for example, there \ T X S  

formed a 40yo yield of 2- [ (3,B,i,g-tetrahydro-fZ- 
phenyl-4H-1,3-benzoxaziii-i-ylidene) methyl]-5-nict hyl- 
henzothiazolium iodide (3). C'onipound 3 w:ts dissolvcd 
in aniline'[) arid the resulting solution \yap heated uiidcr 



Compil R 
:< CH, 
0 C2Hj 

10 CHI 

11 CH, 
12 C2Ha 

7-- C,%---- ----H,%-- --- !ij "c-- 
1. J fp ,  oc Formula Calcd Found Calcd f o u n d  Caicd Found 

S 310-311" C?,H21IK;?OS 55.21 54.92 4 . 2 3  4 .17  5 . 6 0  5 .70  

0 269-270' C23H~~IN202 57.03 56 .60  4 .37  4 . 4 3  5 . 7 9  5 6 0  
S 290-291' CzaH?JT\;?OS 56 .04  56 .09  4 .51  4 . 7 6  5 .45  5 .24  

Compd R 
6 CHs 

13 CHa 
14 CHI  

1 5  CH3 

TABLE I 

R 
5,6,7,8-TETR.\HYDRO-1,3-BENZ~XAZINE D Y E S  

CH=CH 274-275' C ~ ~ H ~ I I K ~ O  60 .73  60 .89  4 . 6 9  4 .81  5 . 6 7  5 . 8 4  
CH=CH 262-264' C ~ ~ H ~ S I N ~ O  61.42 61 .19  4 96 5.02 5.yil 5 .49  

a Recrystallized from methanol 

16 CHI  

17 CHa 

18 CHI  
19 C*Ha 
20 C?Hs 
a Recrystallized from ethanol. 

' Recrystallized from ethanol. 

TABLE I1 
,j,6,7,8-TETR.~HYDROQUINBZOLINE DYES 

Method 

syntkesifi hlp,  " C  Formula Calcd Found 
A ,  I3 312-314" C ~ Q H ~ X I S  6 0 . 5 2  60 .46  
13 214-215' C a H d N a S  61.99  61 .92  
A,  I3 271-272a C ~ H ~ ~ F I N I S  5 8 . 6 8  58 .31  

.I 266-267* C ~ I H ~ N I S  58.33  57 .  75 

h 192-193"*c C?QHUINIS 57.75  57 .59  

A 314-315' CIIHSI IX~S 6 0 . 1 9  60,17 

of ---c. yo-- 

A 22&230* C*,HI,IX~PS 56.84  5 7 . 0 0  
.I 241-243a Ca4HdNaQ 62.51  6 2 . 2 8  
A 285-28iQ C I O H ~ F I N I F  59.31  59 .33  

Recrystallized from methanol. 

reflux l o  give riPe to 6 in 39y0 yield. I t  was also pos- 
sible to prepare 6 via sequence b. Thus, 4, prepared 
as previously described,6-8 was converted to 5 which 
in turn readily condensed with 2-methylbenzothiazole 
methiodide to give a 52% yield of 2-[(5,6,7,8-tetra- 
hydro-l,2-diphenyl-4 (1 H) -quinazolinylidene) niethyll-3- 
methylbenzothiazolium iodide (6). Other methirie cy- 
anine dyes prepared in this investigation are listed in 
Tables I-IT. 

We have noted that cyanine dyes containing the 
5,6,7,8-tetrahydro-l,3-benzoxazine nucleus have not 
been heretofore reported. The essentially unique 
features associated with 6 and related substances are 
(a) cyanine dyes of the quinazoline class have now been 
synthesized in which the substituent on nitrogen is 
fixed to position 1, and (b) for the first time quinazoline 
cyanine dyes have been prepared in n hich the quater- 
nary nitrogen (N-1 in this case) is directly substituted 
with an aromatic group. 

Spectral Properties.-Several features concerning 
the ultraviolet absorption spectra of these dyes are of 

--H,%-- --N, 
Calcd Found Calcd 
4 . 5 6  4 . 8 6  7 . 3 0  
6 . 6 2  6 . 5 8  6 . 5 9  
4 . 2 5  4 . 4 5  7 . 0 9  

4 . 3 8  4 . 6 0  9 . 7 2  

6 . 4 1  6 33 8 . 6 9  

5 . 0 5  5 . 2 8  9 . 0 7  

5 . 4 7  5 . 6 5  9 . 8 3  
6 . 7 8  6 . 8 7  6 . 4 4  
4 . 4 8  4 . 5 6  6 . 9 2  

e Analysis includes 1 mole of ethanol. 

X:p 
mp 

440 
440 
405, 
417 
444 
444 

c 

36,940 
39,480 

38,820 
42,930 
45,100 

39,010, 

%-7 A:::", 
Found mp e 

6 63 448 87.360 
6 40 449 85 ,290  
6 i 3  450 78 490 

9 31 452 80 ,710  

8 77 449 79,841 

8 79 449 87 ,600  

9 57 447 77 ,840  
6 40 446 85 ,100  
6 94 450 81 160 

interest. First of all, within the group comprising the 
5,6,7,8-tetrahydro-l,3-benzoxazinium cyanines (see 
Table I), the compound containing the benzoxazole 
nucleus gave two maxima at 405 and 417 mp. The 
absorption maximum for 3 was observed at  440 nip and 
the maximum for 2-[(5,6,7,8-tetrahydro-2-phenyl-4H- 
1,3 - benzoxazin - 4 - ylidene) methyl]-2-methylquinolin-l- 
ium iodide was seen at  444 mp. Therefore, a rather 
small bathochromic shift (only 4 mp) was noted in 
going from a cyanine containing benzothiazole to a 
heterocycle of greater basicity such as 2 -q~ ino l ine .~~  
The pronounced bathochromic shift in going from 
benzoxazole-containing cyanine to that containing 
benzothiazole is in keeping with the greater basicity 
of the latter heterocycle. 

The ultraviolet absorption spectra of the 5,6,7,8- 
tetrahydroquinazolium dyes appeared to be more con- 
sistent with the Brooker rules. l 2  

(11) L G 9 Brooker. "Frontlers In Chemistry." Vol. IV, Intersc~ence 

(12) L. G .  S.  Brooker, Abstracts, I U.P 4 C , Zurlch,  1956; also see ref 1, 
Publishers, Inc , New York, N. Y . .  1945. 

Chapter 16, p 685 
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TABLE i‘ 

GROUPED ACCORDING TO THEIR STRUCTURES .AS SHOWN IK TABLES I-IV 
AKTIMICROBI.LL A N D  A N T H E L M I N T I C  ACTIVITIES OF CERTAIN C Y A N I N E  DYES 

hIinimum inhib concqa $g/ml, in vitro L‘s.------ Dose, m d k g ,  and 
Gram- Gram- oral activitye U S .  

positive negative T r i c h o p h y t o n  N i p p o s t r o n g y l u s  
Compd bacteriab bacteriaC Yeastsd m e n t a g r o p k y t e s  b r a s i l i e n s i s  in mice 

Group I 
3 1-2 20-200 1-4 200 100 Inactive 
9 2-4 10-200 <1-4 >200 100 Inactive 

10 20-50 50-200 10-50 >200 100 Inactive 
11 1-20 50-200 0.5-20 >200 200 Inactive 
12 2-10 10-200 <1-2 200 200 Inactive 

6 1-4 10-50 2-4 200 100 Inactive 
13 1-4 10-20 1-4 100 100 Active, 50 inactive 
14 1-4 50-200 4-10 200 250 Inactive 
15 2-20 50-200 4-50 >200 100 Inactive 
16 4-10 20-50 10-20 >200 100 Inact,ive 
17 2-50 50-200 10-20 50 100 Inactive 
18 2-20 10-200 10-50 200 100 Inactive 
19 <1 4-20 <1-2 200 100 Active, 50 inactive 
20 4-20 50-200 4-20 20 200 S1 active 

21 0.5-1 4-10 1 20 100 Active, 50 SI  active 
22 <1 10 <1 <1 50 Active, 25 inactive 
23 <1-2 4 <1 2 50 Active, 25 SI active 
24 <1-2 10-20 <1-2 4 50 Active, 25 SI active 
25 <0 .5-4 20-50 <0.5 2 50 Active, 25 inactive 
26 <1-2 10-20 <1 4 100 S1 active 
27 1-50 200 50 100 100 Inactive 

28 1-2 2-20 0.5-2 1 200 SI active 
29 4-10 50-200 4-10 <200 50 Active 
30 4-20 50-200 2-10 200 250 Inactive 

lation: for bacteria, 1 day; for yeasts, 2 days; for Trichophyton, 4 days; for Mycobacterium, 7 days. 
Staphylococcus aureus, Mycobacterium tuberculosis. 
albicans, Cryptococcus neoformans, Histoplasma capsulatum. 
reduction in worm burdens. 

Group I1 

Group I11 

Group IV 

Minimum inhibitory concentration is the lowest drug concentration which caused stasis of growth a t  the following times after inocu- 
Diplococcus pneumoniae, 

Candida 
8 Active = 75-100% reduction in worm burdens; sl active = 50-74y0 

c Escherichia coli, Pseudomonas aeruginosa, Salmonella choleraesuis. 

CH, 
,co; 

OH 

dH3 C02H 

7 

oxyuricide presenting a high cure rate following a 
single dose of 5 mg/kg in humans.’e Recently, di- 
thiazanine 8 has been reported to show good activity 
against Tr ichur i s  triclziura and Strongyloides stercora- 
lis. 17 

I 
C,H, 

8 

Consequently, the compounds described in this 
paper were submitted for evaluation in our chemother- 
apy program. 

(16) J. W. Beck, G. Saavedra, G. J. Antell, and B. Tejeiro, Am. J .  T r a p .  

(17) F .  J .  Aquilar, ibad., 8 ,  305 (1959). 
Med. Hug. ,  8 ,  349 (1959). 

The antiniicrobial and anthelmintic activities of 
the compounds are shown in Table V. The in vitro 
antimicrobial end points mere determined by the tube 
dilution method. l* The anthelmintic activity was 
determined in mice treated orally for 3 consecutive 
days a t  the dose levels indicated and examined for 
worms a t  necropsy the day following the last treat- 
ment.’$ 

As a group, the compounds listed in Table I11 had 
the greatest activity against both the helminths and 
the microorganisms. Certain representatives of the 
groups with benzothiazole (Table 11) and quinoline 
(Table IV) had good activity against four of the five 
test organisms, but none of these substances had as 
good a spectrum against bacteria, fungi, and helminths 
as did the compounds of Table 111. 

Compounds 22, 24, and 26 also produced slight 
activity against Trypanosoma cruzi  when adminis- 
tered subcutaneously to mice a t  5 nig/kg/day for 
15 days.20 This regimen of treatment caused delays 
in death of from 1 to 2 weeks beyond those of the un- 
treated controls but effected no cures. 

(18) E .  H. Northey, American Chemical Society blonograph Series, No. 
106, Reinhold Publishing Corp., New York, N. Y . ,  1948, p 390. 

(19) 0. D. Standen in “Experimental Chemotherapy,” R. J. Schnitzer 
and F. Hawking, Ed., Academic Press Inc., New York, N. Y . ,  1963, Chapter 
20. 

(20) R. Hemitt, J.  Entwistle. and E. Gill, J .  Parasitol.. 49, 72 (1963). 



,Uthough several of the coiiipounds w ~ r e  able t o  
vffect reductions of more than 90% iri  the \vorni burdens 
i l l  mire with Nippostrongylus brasiliensis, this activity 
I V : I ~  only observrd a t  doses 1 1 e w  tht. toxic, l w ~ l q  2i i id  it 
:ippe:irb uiilikcly that they \vi11 t)c useful il l  :iiithc~liiiint I ( *  

I hcrq,y. 

Experimental Section2' 
General Procedure for the Preparation of Methine Cyanine 

Iodides.-The legend in Tables 11-IV described the method? 
whereby the methine cyanines were prepared. A repre.jeiit,ative 
example of each of these methods is herein outlined. 

Method A.-5,6,7,8-Tetrahydro-4-methylthio-2-phe1iyl-l,~~- 
benzoxaziti-1-ium iodide0 (23.0 g, 0.06 mole), z-methylbenzot,hi- 
:izole methiodide (7.5 g, 0.06 mole), 350 ml of ethanol, and 10 ml 
[ i f  t,riethylamine were combined arid heated near reflux for 1 hr. 
.4fter cooling the reaction mixture, the solid was collected 
on  a filter to yield 14.7 g (497,) of crude material. Recrystalli- 
Lation of this material from methanol yielded 2-[(6,6,7,8-tetra- 
hydro-2-phenyl-4H-l,3 - benzoxazin - 4 - ylidene)methgl] - 3 - meth- 
vlbenzothiazolium iodide (3) .  See Table I for analytical data 
;,f this substance arid other compounds prepared by this method. 

(21) Melting points nere  obtained u n  a Thomas-Hoover capillarj- nielt- 
Ultrayirilet spertra were recur(lr(1 iny point apparatus and are corrected. 

OIL a C a r s  14 recording spertrolJliotorneter. 

Notes 

Tremorine-Antagonistic Cyclic ICetals. 
The Reactions of Epoxy Ethers with 

Ethylene Chlorohydrin1 

H L. JOHN SON,^ A. I:. l ' \ l h L ,  i P \ D  J .  F. ORIhIIJ 

Uipurtrnent of l'harmuceutzcal Chemzstry, School of Phurrteuc ij 
Cnzversaty of Calzfornza, San Franczsco, Cal?fornia 

Recezced February 25, 1966 

:Is part, of :t study of urisyminctrical aiiiiiio ket:ils 
possessing pharrnacologicd activityJ3 we ha\-(. exa111- 
ined the reactions of epoxy ethers (Ij4l5 with ethylene 
chlorohydrin. In one instance spontaneous rearrange- 
iiierit of I a  to 1-methoxy-1-phenyl-2-propanone was 
observed.0 Treatment of I a  with ethylene chloro- 
hydrin afforded a small amount of a-methoxypropio- 
phenone and a mixture of dioxanes (I11 and IT.') (see 
Scheme I). The strong met'hoxyl peak (3.2 ppn1j of 
IV was apparent in the ninr spectrum of a crude prod- 
uvt mixt'ure (Figure l a ) .  Purificat,ion resulted in the 
loss of the riiethoxyl signal and an nnir spect,ruiii con- 
sistcrit with structure I11 (Figure lb) .  The dioxaric 

(1) Abstracted in part from theses submitted by H. L. Joi1nsonand.i. K. 
Patel in partial fulfillment of Ph.D.  degree requirements. 

( 2 )  Fellow of the iimerican Foundation ior fharmaceririi~al ISilucatinri, 
1!4~+1961. 
Inquiries should be sent to the Department of Pharmarentiral  Chemistrj , 
Life Sciences Researrh, Stanford Research Inatitrite, Rlcnio Park,  Calif. 

Recipient of the Josiah Kirby Lilly hfemorial Fellowship, 1961 

(3 )  H. L. Johnson and J .  F. Oneto, J .  Phurvi. Sci . ,  64, 59 (1965). 
( 4 )  T. I. Temnikova and E. N .  Rropaohrva, .I. ne?,. C h e m .  T ' S S K .  19, 

1!117 (194Y). 
( 5 )  C. L. Stevens, \V. Malik. and I<. Priitt, J .  A m .  ChrJll. d o c . ,  72, 4728 

l l ! ~ . 5 0 l .  
( 0 )  C. 1,. Steiens and b. .J. 1)ykalr.a. i / j ~ d . ,  76, 1102 (I!);$), 

ring protori quartet :it 4.0 ppm (.I = 7 vps) i v : ~  dis- 
t iriguished from the rhloroethoxyl multiplet a t  3.7 ppni 
I I I  it 100-Mc \pertruin. The second reaction produc8-t 
(IV) ~ v n h  never i.;olated in pure form arid its structurcl 
i s  inferred qolely on the basis of the sirnilnrity of i t -  

iiiiir spectral features to thosc of the inajor produc.1 
(111) with tlie additional nicthoxyl peak and thc ah- 
wicxe of any obvious differences in the infrared spc~trai 
of pure arid inipure samples of 111. In addition, ann- 
1y-t ical data on impure samples could be rationalizctl 
on the presence of :mounts of IT' consistent with tho 
indiwtions of th in  1:iycr c~hroniatogrtinis atid 11mr 

spevtra. Piniilarly. 110 direct (~vicien(~c~ i i  :Lvail:tblc 
tor the internieciiatc. formation of the niononimiv 
cbhloro ketal (IIa). The intervention of IIa is prob- 
able, however, as analogous compounds were isolated 
in connection with other epoxy  ether^.^ Furtherniorc.. 
the dimerization of IIa with elimination of alkoxy1 
in the presence of excess ethylene chlorohydrin providcs 
:i logiral route t o  111 xiid IT. A~ia logou~  d i n m i x : ~ t i o i i  

of a-hydroxy kctali :md arct:ils has been reportccl. 
('hcniical evidcncar substantiated the above cvxic.lusiorii. 
The ketal tiioxarir. (111) was resistant to basic. 114'- 
clrolytic conditions, but u n d b l e  ill acid media. Trc:i1- 
nient of 111 with hydrorhloric :wid in aqueous dioxunv 
rosulted i l l  :i y~l low oil Mievcd to b~ a niixturr of thv 
i\oiiieric hytli<o\y I,c,toiit,> Ir:i arid 1-h. ?'he rnfrarcvl 
y w t  riiiii of the yellon oil was similar to that obtained 
from a saniple of \.'a prepared by tlir method of Tenini- 


