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amine-cyanoboranes have also shown similar biological ac- 
tivitye2 Although a number of amine-cyanoboranes have been 
prepared,36 the methods used either resulted in low  yield^^-^ 
or were limited as to reaction scalee6 Therefore, in view of 
the potential uses of amine-cyanoboranes and their derivatives, 
it was desirable to find a convenient large-scale preparation 
of these compounds. 

A number of amine-boranes, amine.BH3, have been pre- 
pared by the reaction of ammonium salts with lithium or 
sodium borohydride.' Using a similar procedure we have 
prepared a series of amine-cyanoboranes by the reaction of 
sodium cyanohydroborate and amine hydrochlorides in re- 
fluxing tetrahydrofuran (THF).* 

NaBH,CN + amine-HC1- amine.BH,CN + H, + NaCl 

amine = Me,N (11, Me," (2), Me", (3), C,H,N (4), PhNH, (S), 

THF 

6 5 ' C  1-6 

p-MeC,H,NH, (6)  

In the cases of the reactions involving Me,N.HCl, 
PhNH2.HCl, and p-MeC6H4NH2.HCl, the crude products 
were solids which were readily purified by recrystallization 
or sublimation. Removal of the solvent from the reactions 
involving Me2NH.HCl and C5H5N.HCl, however, resulted in 
viscous oils which were difficult to crystallize or sublime. In 
these cases purification involved the dissolution of the oils in 
H20,  followed by extraction of the amine-cyanoboranes into 
Et,O, thereby removing the H20-soluble starting materials. 
The amine-cyanoboranes were then easily purified by sub- 
limation. The purified products were obtained in good yieldsg 
and were identified by elemental analysis, IR and 'H NMR 
spectroscopy, and melting point (Table I). 

Although the amine-cyanoboranes were generally white 
crystalline solids, all attempts to crystallize or sublime 3, the 
product of the reaction of MeNH2.HCl and NaBH3CN, were 
unsuccessful. Nevertheless, the viscous liquid obtained from 
the E t20  extraction of the aqueous solution of the reaction 
products was found to have a satisfactory elemental analysis. 
Moreover, its 'H NMR spectrum exhibited the expected triplet 
for the N-methyl protons due to coupling to the N H  protons. 
Similar coupling was observed in the spectrum of Me,". 

In a recent study of the isomers of Me3N.BH2(CN) Vidal 
and RyschkewitschIo compared the C=N infrared frequencies 
of the two isomers and found that the isocyano absorption at 
2135 cm-' was at least 50 cm-' lower then the C z N  ab- 
sorptions in the cyano isomer which range from 2185 to 2280 
cm-I. The lowest C e N  absorptions in the infrared spectra 
of the compounds that we have prepared range from 2180 to 
2200 cm-' which indicates that the cyano and not the isocyano 
isomers were formed. Further evidence for the cyano structure 
in these compounds is the thermodynamic preference of the 
boron-carbon bond over the boron-nitrogen bond as dem- 
onstrated by the easy isomerization of Me3N.BH2NC to 
Me3N.BH2CN'0 and NaBH3NC to NaBH3CN." In view of 
the conditions of the above reactions (Le., refluxing THF), it 
is unlikely that the isocyano isomers would be isolated. 

In addition, it may be noted that qualitatively the relative 
rates of these reactions seemed to correlate with the pKa of 
the corresponding ammonium cations. For example, the 
reactions involving the methylamine hydrochlorides (pKa's 
range from 9.8 to 1 1)12 required several days to go to com- 
pletion, Le., for evolution of hydrogen to cease. On the other 
hand, the reactions of the hydrochlorides of the weaker bases 
(aniline, pKa = 4.6, and pyridine, pKa = 5.3)12 were much 
faster and in some cases evolution of hydrogen was so vigorous 
that it was necessary to combine the reagents quite slowly in 
order to control the reaction. 

BH2CN.6 

and the volatilization of the molecular Pt6C112. The amount 
of Pt "missing" in the TG experiment has been observed to 
vary with sample size, heating rate, and gas flow rate. The 
thermodynamics and kinetics of these reactions have been 
studied via the reaction of Pt with C12.7 

Thermograms obtained at any heating rate from 1 to 
30°/min in air or He show no plateaus corresponding to the 
composition PtC1,. The constitutive water and HC1 in the 
(H30)2(PtC16) cannot be removed below about 300 OC, and 
PtC& begins to decompose to PtC1, and chlorine at this 
temperature? Hence, it is not possible to prepare PtC14 in good 
yield in an inert atmosphere by a thermal decomposition of 
chloroplatinic acid. PtCl, does exhibit a narrow range of 
stability, from about 350 to 410 "C, and it should be possible 
to prepare the P-PtCl, in good yield by a thermal decom- 
position. Current preparation procedures for making PtC12 
all suggest that thermal decomposition leads to impure 

However, we have successfully prepared 10-g 
batches of pure, highly crystalline P-PtCl, by simple thermal 
decomposition of chloroplatinic acid in air using a tube furnace. 
The acid is spread into a thin layer (<5 mm thick) on the tube 
furnace boat, and a steady air purge through the tube is 
maintained, 200 mL/min, through a tube of approximately 
1-L volume. The temperature is raised from room temperature 
to 350 OC in 50 OC steps over 3 h. The product in the furnace 
boat represents a 100% yield. 

The volatility of Pt6C112 in the thermal decomposition to 
metallic Pt offers an explanation for the ease of dispersing Pt 
as small crystallites on high surface area catalysts and catalyst 
supports. 
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The amine-cyanoborane Me3N.BH2CN is a precursor in 
the synthesis of Me3N-BH2COOH, the protonated boron 
analogue of the dipolar amino acid betaine, 
Me3N+CH2COO-.' Both Me3N-BH2COOH and its N- 
ethylamide derivative have demonstrated significant antitumor 
and hypolipidemic activity in mice.',2 Furthermore, several 
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Table I. Physical and Spectroscopic Data for Amine-Cyanoboranes, amine.BH,CN 

Notes 

reflux 
time, yield, H NMR dataa 

compd amine h % mp, "C % found (calcd) ( 8 ,  multiplicity, J) IR, cm-' 

Me,N 

Me, NH 

Me", 

C5H5N 

PhNH, 

p-MeC, H,NH, 

48 

86 

200 

16 

19 

16 

82 

58 

48 

68 

60 

90 

63, 

54-55, 
lit. 633 

lit. 576 

34-35b 

152-154 

134 

C 43.11 (42.93) 
H 10.57 (10.81) 
B 12.62 (12.88) 
N 33.17 (33.38) 
C 34.60 (34.36) 
H 9.92 (10.09) 
B 15.70 (15.47) 
N 40.06 (40.08) 

C 60.98 (61.10) 
H 6.06 (5.98) 
B 9.28 (9.16) 
N 23.56 (23.75) 

C 63.58 (63.71) 
H 6.74 (6.87) 
B 8.37 (8.19) 
N 21.11 (21.23) 

C 65.45 (65.81) 
H 7.93 (7.59) 
B 7.57 (7.40) 
N 18.81 (19.19) 

ref 6 ref 6 

ref 6 ref 6 

BH, (2.0, q, 

Me (2.35, t,  

NH, (4.48, s) 

BH, (2.68, q, 
JBH = 100) 

C,H,N (7.52,7.97, 
8.33, m) 

Ph (7.24, m) 

3200 s, 3020 s ,  2960 s ,  2900 w, 
JBH = 100) 

JHNCH = 6) 

2725 w, 2420 s, 2350 sh, 2300 sh, 
2260 s, 2200 s, 1680 m, 1600 s, 
1490 sh, 1460 s, 1420 w, 1325 s, 
1160 s, 1100 s, 1050 s, 1015 m, 
960 m, 880 m, 800 w 

3060 m, 2410 s, 2330 sh, 2200 w, 
1620 m, 1485 m, 1455 m, 1340 w, 
1250 w, 1205 w, 1160 sh, 1120 s, 
1095 s, 1050 m, 1020 m, 835 m, 
760 s, 725 s, 690 s 

3010 s, 2390 s, 2350 sh, 2180 w, 
NH, (8.10, s) 
BHqC 

1590 m, 1490 m, 1470 m, 1310 m, 
1290 m, 1225 m, 1180 m, 1160 w, 
1110 s, 1070 w, 1030 w, 1010 m, 
915 w, 895 w, 835 m, 755 s, 685 m 

2580 w, 2390 s, 2310 sh, 2190 m, 
1890 w, 1660 w, 1585 s, 1500 m, 
1420 m, 1290 s ,  1210 m, 1165 m, 
1090 s, 1010 w, 1000 m, 920 w, 
890 m, 840 m, 800 s, 750 m, 730 w 

Me (2.25, s) 
C,H, (7.07, s) 
NH, (7.90, s) 
BH, 

3350 m, 3150 s, 3070 s, 2910 sh, 

a Chemical shifts in ppm from Me,Si, coupling constants in Hz; d = doublet, t = triplet, q =quartet, m = multiplet. Solvent: CD,CN for 3 
and 4, Me2SO-d, for 5 and 6 .  * See footnote 15. Signal not observed. 

There has been only one report of the preparation of the 
parent amine-cyanoborane NH3.BH2CN.13 In other attempts 
to prepare this compound a novel complex, [Na(NH3.BH2- 
CN),]I, was obtained.I4 Our attempts to prepare ammo- 
nia-cyanoborane via the reactions of either NH4C1 or NH41 
with NaBH3CN were unsuccessful, resulting instead in un- 
identified colorless oils. Alternative synthesis of NH3.BH2CN 
will be reported separately. 
Experimental Section 

Proton NMR spectra were recorded using JEOL-MH 100, Varian 
EM-360, or Varian T-60 spectrometers. Infrared spectra were run 
as KBr disks or as a neat liquid on Perkin-Elmer 137, 237, or 297 
spectrophotometers. Elemental analyses were performed by Galbraith 
Laboratories, Inc., Knoxville, Tenn., or by M-H-W Laboratories, 
Garden City, Mich. Sodium cyanohydroborate was purchased from 
Aldrich and used without further purification. The amine hydro- 
chlorides were used as received from commercial sources. Tetra- 
hydrofuran was dried by refluxing over and distilling from LiAIH4. 
For reactions requiring long reflux periods, a round-bottom flask 
directly sealed to a reflux condenser was used to prevent the solvent 
from dissolving the stopcock grease. Hydrogen evolution was 
monitored by connection to a bubbler. 

General Procedure. A solution of NaBH3CN (typically 250-500 
mmol) and an excess of the appropriate amine hydrochloride in THF 
was allowed to reflux until evolution of hydrogen was complete. The 
reaction mixture was cooled and filtered, the solid (NaC1) was washed 
with THF, and the solvent was removed from the filtrate at reduced 
pressure leaving the amine-cyanoborane, In the case of the reaction 
of pyridine hydrochloride, evolution of hydrogen was extremely rapid 
and it was necessary to add a solution of NaBH,CN in T H F  slowly 
via an addition funnel to a stirred slurry of pyridine hydrochloride 
in T H F  before reflux was started. 

Purification. Compound 5 was recrystallized from EtOH/H20,  
while 1 and 6 were purified by recrystallizing from THF-petroleum 
ether. Alternatively, 1 could be sublimed in vacuo. Compounds 2, 
3, and 4 were dissolved in H 2 0  and the aqueous solution was extracted 
with Et20. The combined Et,O extracts were dried over MgS04 and 
filtered, and the solvent was removed at reduced pressure. The residue 
was then sublimed in vacuo. Attempts to crystallize or sublime 3 were 

unsuccessful. Physical and spectroscopic data are given in Table I. 
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Many kinetic studies have been done on the reduction to 
their divalent forms of cobalt(III), iron(III), and manga- 
nese( 111) porphyrins by chromium( 11), 1-4 vanadium( 11) ,l 
europium(II),' d i thi~ni te ,~-~ hexaammineruthenium(II),* and 
tin(II).g The majority of this work has involved synthetic 
porphyrins of the meso-tetraphenyl type made water soluble 
by virtue of carboxylic acid, sulfonic acid, pyridinium, or 
N-methylpyridinium groups. In certain cases, this func- 
tionalization apparently provides pathways for electron transfer 
not available to natural porphyrins of the protoporphyrin type, 
and hence such synthetic adducts serve as poor models for 
heme-type proteins. Electron-transfer experiments on the 
reduction of iron(II1) cytochrome c,l0-l2 myoglobin,13 and 
hemoglobin13 have appeared. We report the kinetics of re- 
duction of the iron(II1) complexes of meso- and deutero- 
porphyrin IX dimethyl ester by chromium(I1). These natural 
type porphyrins were solubilized and monomerized using the 
neutral detergent Triton X-100. Our results are compared 
with the kinetic behavior of related synthetic porphyrins. 
Experimental Section 

Meso- and deuteroporphyrin IX dimethyl ester (MPDME, 
DPDME) and their iron(II1) dimer complexes were prepared by 
literature rnethods.l4 The iron porphyrins were dissolved in acetone 
and heated in a 2% Triton X-100 (spectroscopic grade, Research 
Products International Corp., Elk Grove, Ill.) solution until the acetone 
evaporated. The resulting solution was then filtered at  room tem- 
perature through Metricel 0.45 pm filters and adjusted to the proper 
ionic strength. 

Excellent isosbestic points were obtained in the Soret region from 
spectrophotometric acid-base titrations of the iron porphyrins in 2% 
Triton X-100, p = 0.5 (NaC104/HC104) at  25 O C .  The pK1 for the 
hydrolysis reactions 

H,O-FelIIP tf HO-FeIIIP + H' K, (1) 

were determined by standard means.15 pK1 = 4.7 for FeII'DPDME 
and 5.0 for Fe"*MPDME. "n", the number of protons dissociated, 
was 1.07 A 0.07 for the iron meso complex and 0.99 i 0.01 for the 
iron deutero ester. 

The chromous solutions were prepared by zinc amalgam reductions 
of chromium(II1) and analyzed spectrophotometrically by the per- 
manganate method.16 The kinetics were followed on a Durrum-Gibson 
stopped-flow apparatus using Hamilton gastight syringes to handle 
the air-sensitive, N 2  deaerated solutions. At pH 1, reoxidation by 
molecular oxygen of the chromium(I1) reduced ferric porphyrins 
produced a mixture of the initial ferric porphyrin and the diprotonated 
porphyrin diacid, due to acid solvolysis of the iron(I1) porphyrin form. 

With the MPDME and DPDME iron(II1) complexes, no evidence 
for ring reduction by Cr(II), as previously noted6 in the Cr"/M"*- 
tetrakis(4-N-methylpyridy1)porphyrin reactions, was found. In line 

I H'li' M-' 

Figure 1. Plot of kObsd/(Cr2+) vs. (H+)-' for the reaction of chro- 
mium(I1) with iron(II1) deuteroporphyrin dimethyl ester in 2% Triton 
X-100, 25 OC, p = 0.5 (NaC104/HC104). 

with this observation, polarographic studies9 in DMF/O.l M n- 
Pr4NC104 indicate that the free base form of tetrakis(4-N- 
methy1pyridyl)porphyrin is reduced more easily ( E l l 2  = -1.02 V vs. 
AglAg' (0.1 M)) than either the corresponding H2MPDME (-1.82 
V) or HzDPDME (-1.76 V). 

Results 
The kinetics of the reduction of the iron(II1) porphyrins by 

chromium(I1) 

Fe"'P + Cr2* -+ Fe"P + Cr3+ (2) 

were studied at 25 OC, CL = 0.5 (NaC104/HC104) in 2% Triton 
X-100 between pH 0.2 and 2. Under pseudo-first-order 
conditions with at least 100-fold excess of Cr2+ to porphyrin, 
the reactions were first order in porphyrin over at least 2.5 
half-lives. The reactions at constant pH were first order in 
chromium(I1). The specific rate constant (kobsd/(Cr(II))) 
increased with an increase in pH. Figure 1 shows a linear plot 
of the specific rate constant vs. (H+)-' for Fe"'DPDME. The 
observed rate law is of the form kohd = k(Cr(II))(H+)-l. For 
Fe'I'DPDME, k = 11 .O f 0.3 s-l, and for FeII'MPDME, k 
= 1.6 f 0.2 s-l. 

One overall mechanism for this reaction might be 
H,O-Fe"'P = HO-FeII'P + H' 

C P  + H,O-Fe"IP -f products 
K, 
k, 

Crz+ + HO-Fe"'P + products k, (5 ) 

I [kobsd/(Cr(II))] 11 + Kl/(H+)1 = kl + k z K l  (H+)-' (6) 

The derived rate law would be 

If kl = 0 and, under our conditions, [ l  + Kl/(H+)] = 1, then 
our calculated rate constant, k, would equal k2Kl. For 
Fe'I'DPDME, k2 = 5.5 X lo5 M-ls-l a nd for Fe"*MPDME, 
k2 = 1.7 X lo5 M-ls-l. 
Discussion 

In terms of proton affinity (pK3 for the monocation/free 
base equilibria), HzMPDME (pK, = 5.9) is more basic17 than 
H2DPDME (5.5). It is thus not unexpected that H20- 
Fe'I'MPDME (pK1 = 5) is a weaker acid (more iron(I1) 
porphyrin character) than the corresponding iron deutero- 
porphyrin (4.7). The more basic Fe'I'MPDME is reduced the 
slowest by chromium(II), and similar results have been found 
for the dithionite5 and ti11(11)~ reductions of manganese(II1) 
and cobalt(II1) porphyrins. 
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