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flame-dried and charged with freshly prepared trimethylsilyl 
iodide3 (32.8 g, 0.164 mol) dissolved in anhydrous ether (20 mL). 
At 0 "C 2-methyl-2-butene5 (1 mL) was added followed by a 
dropwise addition of ,V,N,N',N'-tetramethylmethylenediamine6 
(16.8 g, 0.164 mol) in anhydrous ether (20 mL). A white precipitate 
formed immediately and this mixture was allowed to stir for 20 
min. The precipitate was collected by vacuum filtration and 
washed with anhydrous ether (3 X 75 mL), air-dried, and rapidly7 
transferred to a vacuum desiccator for storage affording la: yield 
29.1 g, 96%; sublimed [140 "C (0.25 torr)] or recrystallized from 
sulfolane;2 'H NMR l(Me,Si, Me2SO-ds) 6 3.6 (s, 6 H), 8.2 (s, 2 
H); IR (Nujol) v,, 3115, 1682 cm-'. 

3 4  (Dimethylamino)methyl]anisole (5). Compound 5 was 
prepared from m-bromoanisole by the procedure of Poulter et  
al.ld in 86% yield IR (neat film) vm, 2780,1600,1145,775 cm-'; 
'H NMR (Me4Si, CCl,,) 6 2.10 (s, 6 H), 3.25 (s, 2 H), 3.60 (s, 3 H), 
6.50-7.20 (m, 4 H); mass spectrum m/e 165 (M'). 

(Aminomethy1)cyclopentene 7. The metalation of 7 was 
accomplished by the procedure of Smitheg The amine salt la 
was added as a solid at -78 "C, and the solution was allowed to 
warm to room temperature and stirred for 2 h. Water was added 
and the solution was extracted with ether. The combined organic 
extracts were washed with water and brine, dried over magnesium 
sulfate, filtered, and concentrated in vacuo, leaving a dark brown 
oil. To the crude oil stirred at rmm temperature was added excess 
methyl iodide. The solid produced was filtered by suction and 
washed with hexane: 'H NMR (Me4Si, CDC13) 6 5.7 (m, 1 H), 
4.7 (m, 2 H), 3.7 (m, 2 H), 3.3 (9, 9 H), 2.3 (m, 2 H), 1.2 (m, 6 H). 

4-(Carboethoxy]1-4-[ (dimethylamino)methyl]-3-iso- 
chromanone (9). A solution of 4-(carboethoxy)-3-isochromanone 
(8) (1.00 g, 4.55 mmol) in dry THF (4 mL) was added dropwise 
to a suspension of Nal-I dispersion (50%, 0.23 g, and the mixture 
was washed with hexarie (3 X 10 mL)) at 0 "C under N2 and stirred 
at  25 "C for 10 min. To this solution was added salt la (930 mg, 
5.00 mmol) as a solid i n  one portion, and the mixture was allowed 
to stir at  25 "C for 2 h. Following addition of water (20 mL), the 
reaction mixture was extracted with CH2Clz (3 X 20 mL). The 
combined CH2C12 extracts were washed with water (2 X 20 mL) 
and 10% HCl(4 X 10 mL). The acid washes were combined and 
extracted with Et20 1:20 mL), made basic to litmus with 10% 
KzCO3, and extracted with CH2Clz (3 X 20 mL). The CH2C12 
extracts were combined, washed with water (2 X 20 mL) and brine 
(20 mL), dried with R/IgS04, and evaporated to dryness to give 
0.781 g (62%) of a Clem colorless viscous oil: IR (neat film) v,, 
2780, 1740, 1725 cm-'; 'H NMR (Me,Si, CDC13) 6 1.29 (t, 3 H, 
J = 8 Hz), 2.00 (s, 6 H),  3.25 (AB q, 2 H, J1 = 38 Hz, 52 = 14 Hz), 
4.18 (9, 2 H, J =  8 Hz), 5.35 (AB q, 2 H , J1  = 30Hz,Jz = 16Hz), 
7.1-7.5 (m, 4 H); mass spectrum m/e 277 (M'). 

(Dimethy1amino)methyl Phenyl Sulfide (11). To a stirred 
suspension of NaH (50%, 0.48 g, 9.99 "01) in THF (20 mL) was 
slowly added thiophenol (1.00 g, 9.09 mmol) at  room temperature 
under N2. After 0.5 h ,  the salt la was added as a solid and the 
resulting solution stirred overnight. Following addition of water 
(20 mL), the resulting mixture was extracted with ether (3 X 20 
mL), and the combined organic extracts were washed successively 
with a saturated aqueous NaHC03 solution, water, and brine, dried 
over anhydrous MgS04, filtered, and concentrated in vacuo, 
leaving a yellow oil. 13ulb-to-bulb distillation at  80 "C ( 5  mm) 
yielded a clear oil (1.2 1 g, 80%): IR (neat film) 3030,2940, 2860, 
1580,1440, 745, 690, 620 cm '. 

1,l-Dipiperidinopropane (12a). This compound was prepared 
by the general method of Mannich and Davidson" in 85% yield: 
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IR (neat film) v- 2935,2860,2800 cm-'; 'H NMR (Me,Si, CDC13) 
6 2.50-2.97 (m, 9 H), 1.32-1.80 (m, 17 H); mass spectrum m/e 
210 (M'). 
l,l-Bis(di-n-butylamino)-2-methylpropane (12b). This 

compound was prepared in a 64% distilled" [bp 63 "C (1.5 torr)] 
yield: IR (neat film) v,, 2955,2920, 2860,2795 cm-'; 'H NMR 
(Me,%, CDC13) 6 0.781.10 (m, 18 H), 1.10-1.65 (m, 6 H), 2.25-2.63 
(m, 9 H); 13C NMR (Me,&, CDC13) 6 14.16, 20.91, 29.17, 54.16; 
mass spectrum m/e 312 (M'). 
Pentamethylene(ethylidene)ammonium Iodide (13a). This 

compound was prepared as described above for formation of salt 
la, in 80% yield: IR (Nujol) vma.. 3075, 1660 cm-'; 'H NMR 
(Me4Si, Me2SO-d6) 6 1.4C-2.00 (m, 13 H), 2.60-2.85 (m, 4 H), 8.6 
(m, 1 H); mass spectrum m/e 263 (M'). 
Di-n-butyl(2-methylpropy1idene)ammonium Iodide (13b). 

This compound was prepared as described above for formation 
of salt 12, in 76% yield: IR (Nujol) v, 3070,1655 cm-'; 'H NMR 
(Me,%, Me2SO-d6) 6 0.95 (t, 6 H), 1.20-1.90 (m, 15 H), 2.90-3.20 
(m, 4 H), 8.85 (m, 1 H); mass spectrum m/e 311 (M'). 
3-Piperidinoheptane (14a). n-Butyllithium was added to 

ammonium salt 13a, according to the procedure of Poulter et al.ld 
Chromatography of the crude adduct on silica (4:1, cyclo- 
hexane-ethyl acetate) afforded 14a (40%): IR (CHC13) v, 2930, 
2850 cm-'; NMR (Me4Si, CDC13) 6 2.5-2.9 (m, 5 H), 1.3-1.75 (m, 
12 H), 0.95 (t, 6 H, J = 6 Hz); mass spectrum m/e 183 (M'). 

1-( Di-n -butylamino)-l-phenyl-2-met hylpropane (14b). 
Phenyllithium was added to ammonium salt 13b, according to 
the procedure of Poulter et al.ld Chromatography of crude adduct 
on silica (4:1, cyclohexane-ethyl acetate) afforded 14b (38%): IR 
(CHC13) v,, 2920,2840,1590 cm-'; NMR (Me4%, CDC13) 6 0.95 
(t, 12 H, J = 7 Hz), 1.4 (m, 9 H), 2.4 (t, 5 H, J = 16 Hz), 2.1-2.7 
(m, 5 H); mass spectrum m/e 237 (M'). 
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The  importance of halo hydroperoxides as precursors 
for four'- and five2-membered-ring peroxides is well es- 
tablished. These hydroperoxides are conviently synthes- 
ized by the addition of electrophilic halogen to alkenes1 
or strained ts bonds2 in the presence of concentrated (90% 
or greater) hydrogen peroxide. Dehydrohalogenationl*z to 
a cyclic peroxide is generally realized with base or silver 
salts. Our interest in the synthesis of cyclic azo peroxides3,* 
such as 1, a model compound for an elusive intermediate 
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postulated in the chemiluminescent oxidation of luminal? 
has led to  the development of a synthetic method for 
bromo hydroperoxy azo compounds (e.g., 2) that  might be 
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Figure 1 is an ORTEP drawing6 of 3-bromo-4,5-dihydro- 
5- hydroperoxy-4,4-dimethyl-3,5-diphenyl-3H-pyrazole. 
The  peroxide group and the bromine atom are arranged 
cis with respect to  the five-membered ring. The  five- 
membered ring adopts an envelope conformation. The  
N=N bond is 1.24 (1) A, the two C-N bonds average 1.49 
(1) A, and the two C-C bonds completing the five-mem- 
bered ring average 1.53 (3) A. The  0-0 bond is 1.31 (1) 
A, the  C-0 distance is 1.51 (1) A, and the C-0-0 angle 
is 107.5 (8)”. The  1 2  aromatic bonds average 1.37 (2) 8, 
while the C-Br distance is 1.91 (1) A. 

The ‘H NMR spectrum of 3, displaying a negative 
chemical shift for one of the methyl groups, can be ra- 
tionalized knowing the stereochemical addition of the 
bromo and hydroperoxy groups as cis. For the cis product, 
conformer 3c, with the two aromatic rings pseudoequato- 
rial, should be considerably more stable than 3c’. T h e  

Ph 
P h l  

Figure 1. ORTEP drawing of 3-bromo-4,5-dihydro-5-hydroper- 
oxy-4,4-dimethyl-3,5-diphenyl-3H-pyrazole. Ellipsoids are drawn 
a t  the 50% probability level. 

readily cyclized. We report the synthesis5 of the first 
compound of this type, 3-bromo-4,5-dihydro-5-hydroper- 
oxy-4,4-dimethyl-3,5-diphenyl-3H-pyrazole (3). 

Reaction of 4,4-dimethyl-3,5-diphenyl-4H-pyrazole (4) 
with 0.5 equiv of 1,3-dibromo-5,5-dimethyl-1,3-hydantoin 
and with excess hydrogen peroxide in ether a t  -20 “C for 
48 h produces 3, isolated in 75% yield. NMR analysis of 

4 3 

the  crude reaction mixture revealed 3 and small amounts 
(10%) of its decomposition products (vide infra) as the sole 
reaction products. Characterization of 3 is provided by 
the following evidence: (1) the infrared spectrum displays 
stretching absorptions for OOH and N=N a t  3250 and 
1540 cm-’, respectively; (2) reaction with alcoholic silver 
nitrate produces 96% of the theoretical amount of silver 
bromide; (3) thermal decomposition a t  40 “C in CDC13 (tl 
= 10 min) produces the hydrobromide salt 5 of 4H-pyrazoie 
4 and  oxygen as well as 2,2-dimethyl-1,3-diphenyl-1,3- 
propanedione (6) and nitrogen (product ratios are provided 
below); (4) the  ‘H NMR spectrum displays two singlets 
for inequivalent methyl groups a t  6 -0.05 and a t  6 1.7 and 
a multiplet for aromatic protons a t  6 7.4-7.7. 

3 -  ? h - - ) $ - - P h  IU =N t P h  P h  t N2 t 0 2  

30% 70% 6 -H 3 r  

5 
7 6% 

24% 

Complete structural proof, including verification of the 
cis orientation of the two aromatic rings in 3, is provided 
by X-ray analysis. 
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conformational equilibrium should greatly favor 3c, and 
one methyl group (over the azo moiety in 3c) should be 
highly shielded attributable to  the anisotropy of the azo 
b0nd.I 

T h e  course of the bromohydroperoxylation of 4H- 
pyrazole 4 differs dramatically from an analogous 1,4-ad- 
dition reaction of chlorine with acyclic azines, for which 
trans addition is observed.* Steric interactions were 
postulated as controlling factors leading to  the stereo- 
specific chlorination of acyclic azines, and similar argu- 
ments can rationalize the cis bromohydroperoxylation of 
4. Initial addition of electrophilic bromine to  4 should 
produce ion 7. Addition of hydrogen peroxide to 7 should 

‘Ph 

7 8 

occur a t  C-5 from a direction opposite to the largest sub- 
stituent a t  C-3, the aromatic ring.g The  possibility of the 
existence of 7 as the phenonium ion 8, which undergoes 
backside displacement by hydrogen peroxide exclusively 
a t  C-5, cannot be excluded. The net stereochemical result 
of either reaction pathway is to produce 3 in which the  
aromatic rings a t  C-3 and C-5 are cis. 

Studies on the thermolysis of 3 and on methods for its 
dehydrohalogenation are in progress. 

Experimental Section 
Infrared spectra were recorded on a Perkin-Elmer Model 710-B 

spectrophotometer. ‘H NMR spectra were recorded on a Varian 
T-60 NMR spectrometer with chemical shifts reported in parts 
per million ( 6 )  from tetramethylsilane; I3C NMR spectra were 
recorded on a JEOL Model JNM-FX6OQ FT NMR spectrometer 
with chemical shifts reported in parts per million ( 6 )  from tet- 
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ramethylsilane Analytical gas chromatography was performed 
with a Dohrmann Series 15 gas chromatograph. Melting points 
were taken on a Thomas-Hoover capillary melting point apparatus 
and are uncorrected. Combustion analyses were performed by 
Industrial Testing Laboratories of St. Louis. 4,4-Dimethyl-3,5- 
diphenyl-4H-pyrazolte'O and 2,2-dimethyl-1,3-diphenyl-l,3- 
propanedione" were prepared as previously described. 

Reaction of 4,4-Dimethyl-3,5-diphenyl-4H-pyrazole with 
H 2 0 2  and 1,3-Dibromo-5,5-dimethyl-1,3-hydantoin. Ninety 
percent hydrogen peroxide (6 g, 159 mmol) was added to an 
ice-cold slurry of 4,4-dimethyl-3,5-diphenyl-4H-pyrazole (1.98 g, 
8.0 mmol) in anhydrous ether. The solution was warmed to room 
temperature, and 1,3-tlibromo-5,5-dimethyl-1,3-hydantoin (1.17 
g, 4.1 mmol) was addeld portionwise over a 20-min interval. The 
resulting solution was kept at -20 "C for 48 h. The solution was 
then washed with cold 10% aqueous sodium bicarbonate and dried 
over magnesium sulfate. Solvent was removed at reduced pressure 
a t  0 "C, affording a yellow oil. Recrystallization from CH2C12- 
hexane (1:5) a t  -20 "C yielded 2.18 g (6.04 mmol, 75%) of 3 as 
a white solid: mp 77--80 "C dec; IR (KBr pellet) 3250 (OOH), 
1540 (N=N) cn-'; 'H NMR (CDCl,), b -0.05 (s, 3 H), 1.68 (s, 3 
H), 7.2-7.8 (m, 11 H); I3C NMR (CDCl,) aromatics 6 138.9, 135.4, 
132.1, 129.1, 128.3, 128.2, 125.7, 119.7; 13C NMR (CDCl,) aliphatics 
6 102.4,48.6,25.8, 23.0, 19.9. Anal. Calcd for C17H17BrN202: C, 
56.52; H, 4.74; N, 7.75. Found: C, 56.47; H, 4.78; N, 7.70. 

Reaction of 3 with Ethanolic AgNO,. 3 (7.6 mg, 0.021 m o l )  
was dissolved in 1 mL of 95% ethanol and added to 5 mL of 5% 
AgNO, (w/v) in ethanol. This solution was allowed to staand for 
1 h in the dark. The precipitated AgBr (yellow solid) was filtered 
with a sintered-glass filter and dried, yielding 3.8 mg (0.02 mmol) 
of AgBr, 96% of the 1 heoretical yield. 

Thermolysis of 3. A solution of 0.727 g (2.02 mmol) of 3 in 
25 mL of methylene chloride was heated with a water bath a t  40 
"C for 90 min. A 'H NMR spectrum of the solution indicated 
the complete conversion of 3 into products, the hydrobromide 
salt 5 of pyrazole 4 and 2,2-dimethyl-1,3-diphenyl-1,3- 
propanedione (6) in the ratio of 76:24. Solvent was removed at 
reduced pressure, and the resulting yellow semisolid was dissolved 
in hot methylene chloride. Hexane was added until the hot 
solution became cloudy. The solution was allowed to stand at 
room temperature for 14 h while yellow crystals of 5 (0.4 g, 62%) 
precipitated. The hydrobromide salt 5 was identified by com- 
parison of its IR and 'I3 NMR spectra with those of an authentic 
sample prepared by the addition of HBr to 4: IR (KBr pellet) 
2350 ('NH) cm-'; 'H NMR (CDC13) 6 1.90 (br s, 6 H), 7.1 (variable 
s, 1 H), 7.6-7.9 (m, 6 1 9 ,  8.1-8.4 (m, 4 H). Removal of solvent 
from the recrystallizatilon filtrant affords 0.11 g (23%) of diketone 
6,  identified by comparison of its IR and 'H NMR spectra with 
those of an authentic sample." 

Analysis of Gaseous Products from the  Thermolysis of 
3. 3 (0.1 g, 0.28 mmcil) was dissolved in 40 mL of methylene 
chloride and placed in a 100-mL Erlenmeyer flask tightly stop- 
pered with a rubber septum. The solution was cooled to -78 "C 
in an acetone/dry ice bath and degassed with argon for 30 min. 
The solution was heated with a water bath a t  40 "C, and 0.5-mL 
samples of the gas phase were withdrawn periodically over a 
45-min interval VPC analysis for N2 and O2 (retention times of 
5 and 2 min, respectively) content was performed on a 1 / 4  in. x 
10 ft 4A molecular sievw (20-50 mesh) column at 25 "C with argon 
as the carrier gas. The thermal conductivity response ratio of 
N2 to 02, as determined by analysis of air, was determined to be 
1, thereby eliminating the necessity for a response correction. The 
ratio of O2 to N2 (7030) remained constant throughout the thermal 
decomposition. 

C17H1702N2Br, M ,  = 316.2, 
monoclinic, space group E l l a ,  a = 23.179 (6) A, b = 6.388 (2) 
A, c = 10.947 (31 A, p = 104.00 (4)O, V = 1508.2(7) A3, 2 = 4, dCdd 
= 1.591 g ~ m - ~ .  

A crystalline sample of 3-bromo-4,5-dihydro-5-hydroperoxy- 
4,4-dimethyl-3,5-diphenyl-3H-pyrazole was packed in dry ice and 
shipped by air freight to Texas Christian University. A single 

X-ray s t ruc ture  analysis: 

(IO) A. B. Evnin, D. R. Arnold, L. A. Karnischky, and E. Strom, J .  Am. 
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Chem. SOC., 92, 6218 (19'70). 
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crystal was mounted on a Syntex P21 diffractometer and unit cell 
and intensity data were collected as rapidly as possible. Room- 
temperature unit cell dimensions were refined by a least-squares 
procedure utilizing 15 reflections whose angles were measured 
by a centering routine associated with the diffractometer. In- 
tensity data were collected by the 0-20 scanning technique using 
Cu Ka radiation (A = 1.541 78 A) and a graphite monochromator. 
Total data collection was completed within 14 h; however, the 
intensity of a standard reflection decreased by 40% during this 
period. A total of 2306 independent reflections were measured 
and 1608 had intensities greater than 2 4 .  

The decrease in intensity of the standard reflection was used 
to correct the remaining intensity data. Lorentz and polarization 
corrections were applied, but no absorption corrections were made. 
The structure was solved by the direct methods program MUL- 
 TAN.'^ The nonhydrogen atoms were refined anisotropically by 
least-squares techniques to an R factor of 11%. The hydrogen 
atoms could not be located and no further refinement was made. 
Atomic scattering factors were taken from ref 13 and the scattering 
factors for bromine were corrected for the real part of the 
anomalous dispersion. A list of observed and calculated structure 
factors is available from M.E.L. 
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The  reported syntheses of the clinically interesting' 
antitumor agent 3',5'-dichloromethotrexate (DCM)2 involve 

3',5'-dichloromethotrexate (DCM) 
chlorination of methotrexate (MTX)  with Clz in form- 
amide, dimethylformamide, or aqueous HC1 with yields 

(1) I. Takahashi, T. Ohnuma, and J. F. Holland, Cancer Res., 39,1264 
(1979), and references therein. 

(2) N-[3,5-Dichloro-4-[[(2,4-diamino-6-pteridinyl)methyl]methyl- 
amino]benzoyl]- glutamic acid; CAS Registry No. 528-74-5; NCI No. 
29630. 
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