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Photochemical Cyclization of N-Butyl-N'-(9-acridinyl)thiourea 
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Abstract 0 The structure elucidation of 2-butylamino-l,3-thiazinc- 
[4,5,&kl]acridine, isolated after the reaction of 9-isothiocyanato- 
acridine with butylamine, is described. The same compound was 
found to be formed by photochemical cyclization of N-butyl-N'-(9- 
acridiny1)thiourea. The intense fluorescence of this cyclized product 
serves as the basis for the previously reported analysis of primary 
amines by reaction with 94sothiocyanatoacridine. 
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Fluorescent analysis of primary aliphatic amines by 
reaction with 9-isothiocyanatoacridine (I) was previ- 
ously reported from these laboratories (1). The thioureas 
(11) formed in this procedure are not stable and yield 
new intensely fluorescent compounds (111) whose 
fluorescence can be related to the concentration of the 
original amines (Scheme I). 

The present study is concerned with the structure 
elucidation and synthesis of a typical compound (111) 
resulting after the initial reaction of 9-isothiocyanato- 
acridine with butylamine to form N-butyl-N'-(9-acri- 
diny1)thiourea (11). 

EXPERIMENTAL' 

Preparation of 9-Isothiocyanatoacridine @)-9-Chloroacridine 
(1.15 g., 0.005 mole) was dissolved in 200ml. of dimethylformamide, 
and 1.482 g. (0.015 mole) of potassium thiocyanate was added while 
the mixture was stirred. The reaction was heated in an oil bath, 
which was slowly brought to 90" and kept at that temperature for 
45 min. The mixture was cooled overnight in a refrigerator, the 
precipitated KC1 was removed by filtration, and dimethylform- 
amide was removed in a rotary evaporator hi uacuo. Crystallization 
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Melting points, observed by means of a Mel-Temp apparatus, are 
uncorrected. The instruments employed were: IR, Perkin-Elmer model 
337; NMR. Varian A-60-A; UV, Beckman DK-2A; fluorometer, Amer- 
ican Instrument Co. 4-8016; mass spectrometers, AEI MS902, Hitachi 
RMU-6-D, and CEC-21-1109; and gas chromatograph. Hewlett Pack- 
ard 5750. 

from acetone gave an 88% yield of yellow needles, m.p. 129" [lit. 
(2) m.p. 131-132'1; ~2::. 2050-2150 (N=C==S), 1540, 1505, 1410 
(aromatic), 1180 (C===S), and 455 (1 ,Zsubstituted phenyl); 
6 (CDCIJ 7.0-8.0 (m, aromatic H). 

Preparation of N-Butyl-N'-(9-acridinyl)thiourea (II&9-Iso- 
thiocyanatoacridine (0.708 g., 0.003 mole) was dissolved in 45 
ml. of toluene, and 0.277 g. (0.004 mole) of n-butylamine was added. 
The stirred mixture was heated at reflux for 15 min. in an oil bath at 
11&120". The solution was cooled, and the yellow precipitate was 
collected on a filter and washed with small amounts of toluene. 
Recrystallization from 95 % ethanol afforded an 84% yield of yellow 
plates, m.p. 180-181"; v:::. 3480, 3140 (NH), 3050 (aromatic CH), 
2910 (aliphatic CH), 1610, 1580 (aromatic), 1530 (CNH), 1470 
(aliphatic CH2), 1260 (aromatic CH), 1210 ( C = S ) ,  1150, 1080 
(C-N), 450 (1,2-substituted phenyl), and 425 an.-' (aliphatic CH,); 
6 (CF,COOH) 1.00 (3H, t, CH,), 1.62 (4H, m, CH2-CH2), 3.77 
(2H, t, N-CH,), and 7.7-8.4 (lOH, m, aromatic H and NH); 
mass spectrum (50 ev., 200") 309 (M), 275 (M-HzS), 252 (M- 
C4H9), 236 (M-C4Hy-NH2), 219 (M-H2S and C4H8), 211 (M- 
C4HyN and HCN), 205 (M-H2S and C4HBN), and 194 (M-C4Hy- 
NCS base peak). 

Isolation of 2-Butylamino-l,3-thiazino[4,5,6-kl]acridine (111)- 
A mixture of 40 mg. (0.OOOl mole) of N-butyl-N'-(9-acridinyl)thio- 
urea (11), 1 ml. of 0.2 N NaOEt in ethanol, and 15 ml. of absolute 
ethanol was heated at reflux for 2.5 hr. The reaction mixture was 
cooled, 1 ml. of 10% aqueous HCl was added, and the solvent was 
removed on a rotary evaporator iiz vacuo. The product was iso- 
lated by GLC, in which 4O-pl. samples of an extract of 10 mg. of 
reaction product in 10 ml. of absolute ethanol werechromatographed 
as outlined here. The samples of product collected from multiple 
runs were combined, dissolved in 0.5 mi. of absolute ethanol, and 
rechromatographed to obtain material giving the following prop- 
erties: m.p. 195-196"; XEz.E1oH (.) 219 (102,000), 239 (89,900), 266 
(15O,OOO), 456 (25,OOO), 460 (30,100), and 485 nm. (19,200); Xmin.  

232, 242, 444, and 477 nm.; fluorescence 270 nm. and 
Xfluor. 510 nm.; Y,"::. 3450, 3180 (NH), 3050 (aromatic CH), 2910 
(aliphatic CH), 1605, 1580 (phenyl), 1530 (NH and CN), 1470 
(aliphatic CH2), 1260 (Caromatic-N), 1155 (CN), 445 (1,2,3-sub- 
stituted phenyl), and 462 cm.-' (1,2-substituted phenyl); 6 (CF3- 
COOH) 8.5-7.0 (m, 8, aromatic H and NH), 3.77 (2H, s, N-CHZ), 
1.66 (4H, m, CH2CH2), and 1.10 (3H, s, CH,); mass spectrum (70 
ev., 180") m/e 307 (M) [M + 1 (19.4%) and M + 2 (5.9731, 278 

236 (M-C4He and NH), 224 ( M X 4 H s  and HCN, base peak), 
191 (M-C4Hs, HCN and SH), and 164 (M-CdHs, HCN, SH, 
and HCN); high-resolution mass spectrum m/e (calculated formula) 

(M-C~HF,), 274 (M-SH), 264 (M-CaH,), 251 (M24HS),  

308.11634 (C1r1'CC-Hi,NaS, 308.1 1792), 307.1 1424 (CISHITNIS, 
307.1 1426), 274.13650 (ClsH1aN3, 274.13442), 251.05069 (C14HgNaS, 
251.05168), 225.04194 (C12-13C-HsN2S, 225.04414), 224.03825 

190.05944 (CiSH7N2, 191.06093). 
(ClaHsN& 224.04080), 223.03024 (C13H7N2S, 223.03296), and 

Photochemical Preparation of Z-Butylamino-1,3-thiazino[4,5,6- 
kllacridine (1-A solution of 100 mg. (0.0003 mole) of N-butyl- 
N'-(9-acridinyl)thiourea (11) in 200 ml. of cooled 95% ethanol was 
transferred to a Hanovia glass immersion flask. A 45O-w., high 
intensity, mercury vapor lamp2 was immersed into the solution; 
irradiation was maintained for 1 hr., during which time the solution 
changed from yellow to red-brown with an intense green fluo- 
rescence near the surface. The ethanol was removed on a rotary 
evaporator in uacuo, and the residue was triturated with petroleum 
ether followed by recrystallization from ethyl acetate-cyclohexane 
(1 : 1) to yield a red compound in 50% yield, m.p. 195-196'. IR, 

~~ ~ 

2 Hanovia 679A36 with Vycor 7910 filter. 
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TLC, and GLC properties were the same as the isolated product 
111. 

Chromatography of 2-Butylamino-1,3-thiaoln0[4,5,6-k~acridine- 
TLC was accomplished on activated (105' for 1 hr.) cellulose (250 
p )  using a solvent system of dimethylformamide-water-28 % am- 
monia ( 5 :  13:3 by volume). An R,  value of 0.08 was obtained for 
a single development while R j  0.28 was obtained upon redevelop- 
ment with detection by yellow-green fluorescence under UV light. 

GLC was performed in two systems under the following condi- 
tions: oven temperature, 250"; injector temperature, 260"; flame- 
ionization detector temperature, 260". In System 1 [5.2% OV-17 
on Gas Chrom Q 80-100 in a 1.82-m. X 0.63-cm. (6-ft. x 0.25-in.) 
glass column with a helium flow of 10.5 cm. set.-'], R I  was 46.4 
min. (N = 2460). In System I1 [3.8% UCC-W98 on Diatoport S 
80-100 in a 1.23-111. x 0.63-cm. (4-ft. X 0.25-in.) glass column with a 
helium flow of 11.0 cm. set.-'], R t  was 15.5 min. ( N  = 2082). 

SH 
I 

RESULTS AND DISCUSSION 

9-Isothiocyanatoacridine Nas prepared by reaction of 9-chloro- 
acridine with potassium thiocyanate in dimethylformamide at  90". 
In this manner, higher yields (88%) were obtained as compared to 
the authors' use of Kristian's (2) silver thiocyanate procedure (58 % 
yield) or the reaction of 9-aminoacridine and thiophosgene (20% 
yield). However, control of temperature is important because IR 
and mass spectral analyses indicated the presence of considerable 
impurities in the reaction product isolated at higher temperatures. 
Optimal synthesis conditions were developed by following the reac- 
tion with GLC on 3.8% UCC-W98. Both the appearance of a 9- 
isothiocyanatoacridine peak [ R 1  4 min. 29 sec. (220'); 1 min. 36sec. 
(250")] and the disappearance of a 9chloroacridine peak [ R t  1 min. 
46 sec. (220"); 46 sec. (250")] were useful in monitoring the reac- 
tion. 

The N-butyl-N'-(9-acridinyl)thiourea required for this study was 
prepared in toluene in contrast to the use of absolute alcohol as 
the solvent in the analytical procedure (1). 

The final product, 111, was originally formed in a manner an- 
alogous to the analytical procedure with isolation by preparative 
GLC. However, during such preparations, it was noted that the 
yields of I11 decreased when exposure to light was decreased. Sub- 
sequently, it was confirmed that the same compound (identical IR, 
TLC, and GLC properties) was formed photochemically when an 
alcoholic solution of the butyl acridinylthiourea was exposed to a 
high intensity mercury lamp. 

The UV, visible, and fluorescence properties of Compound I11 
indicated an extension of conjugation with respect to the original 
thiourea. A loss of two hydrogens was indicated bq a mass spectral 
molecular ion of 307. High-resolution determination of this ion 
was consistent with a molecular formula of C18H17N3S. The 12 sites 
of unsaturation demanded by this formula were assigned as eight 
double bonds in four rings, an assignment involving cyclization to 
form an additional ring rather than double-bond formation in the 
thiourea side chain. This choice was based upon 1,2,3-trisubstituted 
phenyl absorption in the IR and an NMR spectra showing eight 
protons in the 8.5-7.08 region (seven aromatic H and one NH) in 
contrast to 10 protons (eight aromatic and two NH) for N-butyl- 
N'-(9-acridinyl)thiourea. The lack of olefinic protons in the IR and 
NMR spectra also supported the cyclized structure. 

Cyclizations through both sulfur (Illa S I1Ib) and nitrogen 
(IVa ~ 1Vb) were considered. 

H 
N--CHzCH,CHZCH3 
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N-CHzCH2CHZCH3 
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The mass spectral fragmentation pattern was in favor of 1IIa 
IlIb and could be envisioned as follows: 

-CH3 

Metastable peaks at  205.2 and 199.9 confirmed one-step decom- 
positions in the sequence 307 to 251 and then to the base peak at  
224. It is the 224 fragment that particularly supports an endocyclic 
sulfur. 

The peaks at 251, 224, and 191 were intense enough to confirm 
the formulas of these fragments by high-resolution mass spcctrom- 
etry. Although there was some loss of Ski to yield a 274 ion, it  
did not necessarily indicate an exocyclic sulfur because C-S--C 
structures have been shown to undergo such a loss (3). 

The spectral properties of proposed Structure lIIa are of interest. 
The compound is efficient in its absorbance of energy, as indicated 
by high molecular absorptivity values in the UV range. It is also 
intensely fluorescent. The fluorescence intensity of the compound 
measured in 95% ethanol (Aact, 270 nm. and Alluor. 510 nm.) was 
about 70% of that of 9-aminoacridine (Aac, .  260 nm. and Afiuor. 510 
nm.), which is one of the most fluorescent compounds reported (4). 
N-Butyl-N'-(9-acridinyl)thiourea (11) possesses about 3 % of the fluo- 
rescence of 9-aminoacridine. This increase in fluorescence serves as 
the basis of our procedure for the analysis of primary amines (1). 
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