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Table 2. NaBH reduction of the triazohum (5) salts 

R 

Solvent 
used for 

extraction” 
Yield 

% 

Mp., “C 
recryst. 

from 

Product (10) 

Formula 
Mol. wt. 

Calc/found 
C% H% N% S% 

Me 

Et 

Pr 

t-Bu 

cyclopropyt 

MeOOC_(CH&- 

Ph 

4-CRXL- 

4--OzNC,H,- 

4MeOOCC,H.,- 

3,4,5-(MeO),CJL- 

~p~nylene 

PhCHs- 

3-pyridyl 

pentane 

ether 

pentane 

- 

-b 

ether 

_d 

-d 

-d 

-f 

4 

-h 

97 

90 

89 

76 

98 

85 

99 

99 

97 

96 

90 

80 

98 

97 

IS-6 

i-PrOH 
90-l 

i-PrOH 
65-6 

LPrOH 
82-3 

i-PrOH 
80.81 

i-PrOH 
63-4 

i-PrOH 
109-10 
I-PrOH 
106-J 

i-PrOH 
334-s 

i-PrOH 
112 

MeOH 
126-7 
EtOH 
182-3 

DMF-MeOH 
105-6 

i-PrOH 
126 

i-PrOH 

CJMLS 
283.39 

C,,H,,N,S 
297.41 

C,,H,,N,S 
311.44 

C,JfH,,N,S 
325.46 

C,,H,,N,S 
309.42 

C H NOS 21 zs 3 2 
383.50 

CJ-bFNS e 11.06 8.44 
379.90 11.25 8.50 

C H NOS 21 I.3 4 ? 14.35 8.21 
390.45 14.15 8.51 

C H NOS 2) 21 3 2 68.46 5.25 10.41 7.95 
403.49 68.96 5.83 10.45 8.33 

C H NOS 2‘ 25 3 3 9.67 7.38 
434.52 9.67 7.53 

C N NS m 32 6 * 70.50 5.25 
612.80 70.33 5.18 

C,H,,NS 11.69 8.92 
359.48 11.39 9.04 

CJLNS 16.17 9.25 
346.44 16.25 9.18 

68.65 6.44 
69.18 6.51 

70.12 7.12 
70.47 6.95 
69.86 6.19 
70.13 6.30 

14.83 11.31 
14.77 11.50 
14.13 
14.46 
13.49 
13.50 
12.81 
12.72 
13.58 
13.81 

8.36 
8.30 

“See text. b The reduction of the starting 5 (120 mmole) was performed in 1: 2 (v/v) DMF-MeOH mixture (225 ml). The reaction 
mixture was heterogeneous throughout. ‘The product was identical with an authentic sample obtained as described in literature.” dThe 
reduction of the starting 5 (20 mmole) was performed in methanol (80 ml) with slightly alkaline aq NaBH, soln. Crystallization of the 
product started before aci~~cation with AcOH and did not need addition of water for completion. “Cl, CaIc.: 9.33, Found: 9.73%. ‘The 
reduction was performed in 2: 1 (v/v) DMF-MeOH rn~~e. “The starting ~phenylenebis(s-~~olium) salt was prepared in 8% yield 
(crude product) according to Method C; it resisted ail attempts of recrystalii~tion. The reduction product started to separate before 
acidification with AcOH. Addition of water was not necessary for completion of separation of the product. “As d, but water had to be 
added in order to complete separation of the product. 

Table 3. Decomposition of the triazolines 10 

R 
R-CHO m.p. “C (recryst) 

Me~od= Yield, % b.p. “CITorr Identified as’ 

Me F 60 
Et F 90 

Pr F 72 

i-Pr 

t-Bu 

cyclopropyl 

Cl_(CH& 

MeOOC-C.& 

Ph 

Z-MeC&- 

4-CICaH,- 

-+NO&Hr 

87e 

75 

63” 

Wk 

64 

89 
91 

78sp 

81 

91 

- 
751760 

- 
62-31760 

- 
75/7~ 

62-41’5 
- 

62-415 
- 

724/l” 
- 

178-80/760 

ss-91119 
47-48 (pentane) 

- 
105-6 (water) 

141SC 
14”” 

DNP, m.p. 122°C’ 

DNP, m.p. 182”Ck 

DNP, m.p. 210°C’ 

DNP, m.p. 186-~C’ 

DNP mp. 132-3°C’ 1 . 

14” 

14’” 

DNP, m.p. 193°C’ 



Novel aldehyde syntheses based on selective reduction of s-triazole derivatives 

Table 3. (Co&f.) 
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R 
R-CHO 

Method” Yield, % 
m.p. “C (recryst) 

b.p. “CITorr Identified as” 

4-MeOOCC6H.,- 

3,4,5-(MeO),CJ&- 

H 77 
64-5” 

- 14” 

G 91 
75-6 (water)- 

- 

Dons-cynnamoyl H” 83 250-21760 
14” 

H’ 87 
t 14-S” 

- 

“See text. bDNP = 2,4-dinitrophenylhydrazone. ‘The distillate was collected in a flask cooled in an 
ice-bath and containing I-equivalent of 6 - (2 - aminophenyl - 3 - methylthio - as - triazin - 5(2H) - one,14 
dissolved in a 10: 1 v/v EtOH-AcOH mixture. The yield stated refers to the resulting type 14 condensation 
product. ‘14 (R = Et), m.p. 226-228” (from ni~omethane). Found: C, 56.66; H, 5.49; N, 20.25. Calc. for 
C,,H,.,N,OS (274.34): C, 56.91; H, 5.14; N, 20.43%. ‘Distilled product.’ Lit.- m.p. 123”. sOverall yield of the 
reduction an decomposition steps. hLit.*O” m.p. 187’. ‘LitMO m.p. 209”. ‘Lit.” b.p. 98”, m.p. 186-7”. ‘Ether 
and methylene dichloride were used as the solvents for the extraction of the triazoline 10 and the aldehyde, 
respectively. #Lit.‘* m.p. 135”. “Ether was used as the solvent for extraction of the aldehyde. “Lit.23 b.p. 69” 
at 0.6Torr. “14 (R = MeOOC-GH,), m.p. 17&179” (from MeOH). Found: C, 55.91; H, 5.48; S, 9.07. Cafe. 
for C H N 0 S 17 20 4 1 (360.43). C, 56.65; H, 5.59; S, 8.90%. p Extraction with benzene. “Ether was used as the 
solvent for extraction both of the triazoline 10 and the aldehyds. ‘Lit.“’ m.p. 194’. ‘Lit.” m.p. 47”. ‘LitMc 
m.p. 106”. “Lit.*I m.p. 63”. “14 (R= 4-MeOOC-C,H,-), m.p. 255-6’ (from DMF). Found: N, 14.55; S, 8.27. 
Calc. for C H N 0 S 19 16 4 1 (380.42): N, 14.73; S, 8.43%. “Lit.Z6 m.p. 75’. *Lit zod b.p. 252”. ‘14 
(R = bruit-cinnamyl), m.p. 233-4” (from DMF). Found: N, 14.27; S, 13.04. Calc. for C,,H,,N,OS (380.42): N, 
14.73; S, 12.62%. yExtraction with pentane. Q~Terepbthalaldehyde, lit.= m.p. 116”. 

its reaction with benzaldehyde to yield, via 15, compound 
16 which has been ob~ined also by reacting pheny~- 
Iyoxal with compounds 6, or by reacting the carbene with 
benzoyl chloride, and reducing the resulting 5 
(R= PhCO-) iodide with NaBH,. [Ethanolysis of 5 
(R = PhCO), on the other hand, results in elimination of 
the benzoyl group.] 

The intermediate 15 may aIternatively be generated by 
deprotonation of 5 (R= PhCHOH-) iodide, obtained by 
deacetylation of 5 (R = PhCHOAc). 5 (R = MeCHOH) 
was similarly obtained. The related 5 (R = Et-CHOBz-) 
iodide was obtained in good yields by treating compound 
7 (R’ = Et, R” = H) with dibenzoyl peroxide. Attempts to 
generalize the latter reaction has failed since the desired 
products were obtained only in low yields. When the 
solution was acidified immediately after generation of 15, 
~n~dehyde and 5 (R = H) iodide were ob~ined, and no 
compound 16 could be isolated, which demonstrates that 
the first step of the reaction of the carbene with aldehydes 
is reversible. 

Heating of 5 (R = PhCHOH- and ~eCHOH-) iodide at 
170” or treatment with Et,N at rt. results in decomposi- 
tion to yield benzaldehyde and acetaldehyde, respec- 
tively, and 5 (R = H) iodide. [5 (R = Et-CHOBz-) iodide 
reacts similarly with methanohc E&N.] The above 
reaction sequence is a novel method for the de~adation 
of cy-hydroxyacids to the aldehydes containing one carbon 
atom less. 

1,4_Dipheny[thiosemicarbazide. The following procedure is an 
improved version of that reported in the literature.‘* 

The mixture of thiocarbanilide (412 g; 1.8 mole), phenylhyd- 
razine (200 ml; 2.0 mole) and EtOH (800 ml) was refluxed until a 
clear so111 resulted (1 hr). On cooling, separation of the crystalline 
product started. (Cooling of the mixture at this point is necessary; 
otherwise, the considerable heat of crystallization incurs heavy 
losses of material.) The heterogeneousYmixture was refluxed for 
further 4 br to yield 406 g (92.7%) of the title compound, m.p. 179’ 
(non-re~~s~l~ed product), lit.‘* 181”. 

S - &f&y1 - I,4 - djp~e~yiisoihiosamicarbazide (6). I,4 - 
Diphenylthiosemic~bazide (406 g; 1.67 mole) was stirred into 
anhyd DMF (700 ml), the mixture was placed in an ice-bath, and 
freshly distilled dimethylsulfate (170ml; 1.81 mole) was im- 
mediately added dropwise at a rate to maintain the temp. at 15-20’. 
The ice-bath was removed, and the mixture was stirred for 
another hr during which period its temp. rose to 40”. The 
brownish-green soln was poured into the aqueous (2 I.) soln of 
NaOAe3H,O (540 g; 3.9 mole), and the resulting oil was taken up 
in ether or benzene (6OOml). The aqueous layer was extracted 
with two portions (4OOml, each) of ether or benzene, the 
combined organic solns were washed with water (two portions, 
300 ml, each), dried (MgSO,) and evaporated to dryness in vacua 
at 40”. The residue was triturated with i-PrOH (270ml) and, 
allowed to stand in a refrigerator overnight to yield 338365g 
(7&-85%) of the title compound, m.p. 78-79”, which was washed 
with ice-cold i-PrOH (100 ml) and pentane (750 ml) until colour- 
less, 

Syntkesis of s-triazolium (5) sol& (Table 1) 
Method A. Mixtures of compound 6 (25.7~; 0.1 mole), the 

appropriate acid chlorides (0.1 mole) and anhyd dioxane (100 ml) 
were refluxed for 20 min. After cooling, anhyd ether (300 ml) was 
added to yield the 5 chlorides either as crystalline or oily products. 
In the latter case, the mixtures were chilled (O’), the solvent was 
decanted and the oily product was triturated with ether. The 
solvent was again decanted and the oil was taken up in MeOH 
(SO-U0 ml). 20% KI aq (100-300 ml) was added to precipitate the 
crystalline 5 iodides. 

Method B. As above, but the dioxane (20 ml) soln of the acid 
chloride was added to the dioxane soln of compound 6 dropwise 
(15 min) at 0” under stirring, and the mixture was allowed to stand 
for 24 hr at r.t. 

Method C. POCI, (12 ml: 0.13 mole) was added under vigorous 
stirring to mixtures of compound 6 (25.7g; 0.1 mole), the 
appropriate carboxylic acids (0.1 mole) and anhyd. pyridine 
(70ml) at such a rate that the mixtures started and were kept 
boiling. The hot mixtures were stirred for 1 min. Anhyd. MeOH 
(70 ml) was added dropwise. The warm solns were treated with 
20% KI aq (140 ml) and chilled (0”) to yield the 5 iodides. When the 
latter separated as oils, water (300 ml) was added and the mixtures 
were extracted with CHCI,. The oily residues, obtained after 
conventions work-up of the CHCls solns were triturated with 
ether (100 ml) until they turned crystalline. 

Tetm Vol. 32, No 21-F 
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of the title compound, orange coloured crystals, m.p. 186-187” 
from DMF-MeOH. (Found: C, 42.34; H, 3.34; Cl, 12.29. Calc. for 
C,&.CIN,O~ (284.66): C, 42.19; H, 3.19; Cl. 12.46%). 

Phenylacetaldehyde 2,4-dinitrophenylhydrazone 
Compound 10 (R = PhCHJ (0.5 g; 1.4 mmole) was dissolved in 

EtOH (10ml) and treated with a mixture of 2,4- 
dinitrophenylhydrazine (275 mg; 1.4 mmole), 50% H,SO, (4 ml) 
and EtOH (10 ml). The mixture was heated to its b.p. and, after 
addition of water (5 ml), allowed to cool to yield 0.32 g (68%) of 
the title compound, 20d m.p. 121” (from MeOH). 

Nonanal 
A mixture of nonanoyl chloride (21 ml; 116 mmole), 6 (30 g; 

116 mmole) and dry dioxane (100 ml) was refluxed for 20 min and 
evaporated to dryness in vacua. The resulting oil was dissolved in 
MeOH (100 ml) and treated with the sliahtlv alkaline (50 ml) soln 
of NaBI& aq (8.5 g; 172 mmole) and theiwith dil. aquebus AcOH. 
The crude oily yellowish s-triazoline 10 (R = n-&H,,) was 
extracted with ether and stirred for 10 min with a mixture of cone 
HCI and 38% aqueous HCHO soln (30m1, each) at r.t. The 
supernatant oil was separated, washed with 20% HCI (10 ml) and 
taken up in pentane to yield 10.2g (62%) of crude nonanal. 
Fractional distillation in vacua gave 7.3g (44%; based on the 
nonanoyl chloride introduced) of pure product, b.p. 91-92” at 
22 torr which was identified in form of its condensation product 14 
(R = nC8H,Jr m.p. 165” (from 2-propanol), obtained in 95% yield 
in the usual manner” with 6 - (2 - aminophenyl) - 3 - methylthio - 
as - triazin - 5(28) - one. (Found: N, 15.30; S, 9.01. Calc. for 
C,B,N,OS (358.50): N, 15.63; S, 8.94%). 

Ethyl 6jormylhexanoate 
The oily 5 IR = EtOOG(CH3J chloride, obtained from ethyl 

6-(chloro&rb&yl)hexanoate (6.0 g; 29 mmole) according io 
Method A. was dissolved in MeOH (50 ml) and reduced with the 
slightly alkaline (15 ml) soln of NaBH, (1.5 g; 4Ommole) as 
described above. The crude s-triazoline was isolated after 
treatment with dil. aqueous AcOH by extraction with ether and 
decomposed with cont. HCI and 38% HCHO aq (10 ml, each) as 
above. The title compound, 2.3 g (46%, based on the acyl chloride 
introduced) was isolated by extraction with pentane and identified 
in form of its condensation product 14 [R = EtOOC-(CH&1, 
m.p. 148” (from EtOH), obtained in 84% yield in the usual 
manner.” (Found: C, 58.77; H, 6.26; N, 14.17; S, 8.50. Calc. for 
C,,H,N,O,S (388.48): C, 58.74; H, 6.23; N, 14.42; S, 8.25%). 

3-Pyridinecarboxaldehyde 
The crude crystalline 5 (R = 3-pyridyl) iodide, obtained from 

nicotinic acid (i4.4g; 116mmole) &cording to Method C, was 
dissolved in a mixture of DMF (150 ml) and MeOH (300 ml) under 
gentle heating, and chilled. Thd resulting suspension was treated 
with a slightly alkaline (90 ml) soln of NaBH., (5.7 g; 150 mmole) as 
described above. A clear soln resulted temporarily from which 
crystalline needles soon started to separate. 

iXL aqueous AcOH was added, and the resulting 10 (R = 3- 
uvridvl) was decomoosed bv stirring with 20% HCI (60 ml) and 
FhCHd (50 ml; 0.5mole) for 15 min at 80”. Water (80 mlj was 
added, and the aqueous layer was extracted with ether and 
concentrated to 20 ml in vacua. Water (20 ml) was added and the 
soln was neutralized with tryst K,CO,. The small amount of 
gummy impurities was filtered off, and the filtrate was extracted 
with CHCl, to yield 7.8g (63%) of crude or, after distillation at 
reduced pressure, 6.9 g (55%) of pure 3_pyridinecarbaldehyde, b.p. 
93-95” at 14 Tort. 

Type 14 condensation product (R = 3-pyridyl) obtained in 95% 
yield in the usual manner:” red crystals, m.p. 247-248” (d; from 
&hyd DMF). (Found: C, 59.03; H,.4.18; N, 21.24; S, 10.07. Calc. 
for C,sH,,NsOS (323.37): C, 59.43; H,4.05; N, 21.66; S,9.91%). 

(2 - 0xocyclopentyl)butanal bis(2,4 - dinitrophenylhydrazone) 
The crude 5 [R = (2sxocyclopentyl)propyl]iodide obtained 

t5 IQ (R = Me) was reduced under the same conditions to yield 
52% of 7 (R = Me). 

from 2-oxocyclopentanebutyric acid (4.0 g; 24 mmole) according 
to Method C, was reduced in drv MeOH (30ml) with slightly 
alkaline (10 ml) NaBI& (0.76 g; 20mmole) at‘-20”: The resulting 
brownish oily 10 (isolated, after treatment with dil aqueous AcOH, 
by extraction with ether) was treated with the warm mixture of 
2,4dinitrophenylhydrazine (7.1 g; 36 mmole), 50% H,SO, aq and 
EtOH (60 ml, each) to yield 2.5 g (21%) of the title compound, m.p. 
220” from DMF-MeOH. (Found: C, 49.49; H, 4.29; N, 21.51. Calc. 
for C,,H,N,O, (514.45): C, 48.02; M, 4.31; N, 21.78%). 

Pentanal 
An anhyd DMF soln of 5 (R = Bu) iodide was prepared 

according to Method E starting with 5 (R = H) iodide (30 g; 
76mmole) and BuI (8.6 ml, 76mmole), and kept for 24 hr in a 
refrigerator. Dry MeOH (lOOmI) was added, and NaBH, 
reduction was performed as described above. The triazoline 10 
(R = Bu) was isolated. after acidification with dil AcOH bv 
extract& with ether and decomposedd without purificatioh 
according to Method F to yield 5.2 g (79%) of pure pentanal, b.p. 
101-103”. lit. 20” 102”. identified in form of its 2.4- 
dinitrophenylhydrazone mip. 97-98”, lit. 20” 98”. 

3 - Methyl - 5 - methylthio - 1,4 - diphenyl - s - triazolium iodide 
(11) 

A mixture of 2,4_diphenylthiosemicarbazide” (18 g; 74 mmole), 
anhyd DMF (30 ml) and Me1 (5 ml; 80 mmole) was stirred for 1 hr 
at 0”. Triethyl orthoacetate (15 ml; 80 mmole) was added, and the 
mixture was kept overnight in a refrigerator to yield 18 g (60%) of 
11, m.p. 147” from anhyd DMF-anhyd ether. (Found: C, 47.36; H, 
3.86; I, 30.51; N, 10.50. Calc. for C,,H,JN,S (409.30): C, 47.95; H, 
3.94; I, 31.01; N, 10.27%). 

Alkaline hydrolysis of compound 11 
Compound 11 (5.0 g; 12 mmole) was dissolved in a mixture of 

anhyd DMF and MeOH (40 ml, each) under gentle heating. The 
soln was chilled at 0”, and to the resulting suspension 4% NaOH aq 
(20ml) was added dropwise under stirring and cooling. AcOH 
(5 ml) and water (200 ml) were added to the resulting soln to yield 
2.5 g (81%) of 12, m.p. 135” from MeOH. (Found: C, 71.51; H, 4.72. 
Calc. for C,,HI,N,O (251.27): C, 71.70; H, 5.21%); IR (KBr): first 
band in the double bond region 1580 cm-‘. 

NaBH, reduction of compound 11 
The title compound (5.Og; 12mmole) was reduced in anhyd 

DMF-MeOH (1: 2) suspension (75 ml) with NaBH., as described 
for the reduction of the salts 5. Dil AcOH was added to the 
resulting clear soln to yield 2.5g (82%) of 13, m.p. 68” from 
i-Pr0H.t (Found: C, 75.60; H, 6.48. Calc. For C1,HaN, (237.29): 
C, 75.92; H, 6.37%); NMR (CCL): S 7.4-6.8, m, lOH, ArH’s-, 5.15, 
s, 2H, CH,; 2.05, s, 3H, CH,. 

Cleavage of compound 13 
A mixture of 13 (0.3 g; 1.3 mmole), 6 - (2 - aminophenyl) - 3 - 

methylthio - as - triazin - 5(2IJ) - one (0.23 g; 1.0 mmole) and 20% 
HCl aq (5 ml) was heated to its b.p. The resulting red soln was 
poured into an aqueous (30 ml) soln of crystalline NaOAc (10 g), 
and the crude product obtained was recrystallized from DMF 
(3 ml) to yield 0.17 g (55%) of 14 (R = H), identical, according to 
m.p. (238-240’; d) and IR spectra with an authentic product.” 

Reaction of the carbene 8 with benzaldehyde 
A mixture of the DMF soln of the carbene, obtained from 5 

(R = H) iodide (6.0 g; 15 mmole) according to Method E, and 
benzaldehyde (1.5 ml, 15 mmole) was kept for 2 days at r.t. and 
acidified with a few drops of AcOH. Water (300 ml) was added, 
and the product was isolated by extraction with CHCl,, and 
triturated with water until it turned solid to yield, after 
recrystallization from EtOH (50 ml), 2.6 g (48%) of 16, identical 
according to m.p. (14F150”, from MeNO*), m.m.p. and IR spectra 
with an authentic sample (see below). 

Reaction of the carbene 8 with benzoyl chloride 
HCI free PhCOCl (2.9 ml, 25 mmole was added at 0” under 

stirring to the anhyd DMF soln of the carbene, obtained, 
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filtrate of 5 (R = H) iodide to yield, after conventional work-up of 
the organic layer, 0.51 g (70%) of methyl benzoate, b.p. 194-19, 
identical according to the IR spectra with an authentic sample. 
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