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ABSTRACT

The reactions of BX3; (X=Me, F, Cl) with MeNHNH,,
Me,NNH,, Me,NNHMe and Me,NNMe, were investigated. On
the basislof an analysis of NMR spectral data for
Me2NNH, .BX3 and Me,NNHMe.BX3;, the structures of the
adducts were deduced. The reactions of BXj3; with MeNHNH,
and Me,NNMe, are discussed in terms of adduct formation,
and reactions leading to hydrazinoboranes. Infrared
data are reported.

The reactions of CH,Cl, and CCl, with MeNHNH,, and
CH2Cl2 with Me;NNH, were investigated. The reaction
between MeNHNH, and CCl, is discussed in terms of a free
radical mechanism leading to the major products, N, and
CHy. The reaction between MeNHNH, and CH,Cl, was observed
to give MeNHN=CH, (II), which dimerizes to (-MeNNHCH,-), (I).
Me;;(CHZCl)NHz C1~ was isolated from the reaction between
Me,NNH, and CH,Cl,. Infrared, NMR and mass spectral, and
other physical data are reported.

The reactions between (CFg)nPI(3_n) (n=1, 2, 3), and
H,NNH,, MeNHNH,, Me,NNH, and Me,NNHMe were investigated.
(CF3),PI was found to recact with the methylhydrazines to
give the new compounds, (CFj3;),PNHNMe, (IV), (CFj3),PNMeNMe,
(V), (CF3),PNMeNH, (VI), and(CFj3).PNHNHMe (VII), while

products isolated from the separate reactions between

114



CF4PI, and the methylhydrazines in ether, ylelded,
CFsP(NHNMe, ), (VIII), CF;P(NMeNMe,), (IX), and two
isomers of CFsP(NMeNH),PCF; (X, XI). Reactions of
HCl1 with IV and V are reported. Physilical properties,
and infrared, NMR, and mass spectral data are reported.
Significant features of the NMR data are discussed.

BX, (X = Me, F, C1) adducts were prepared for
some (trifluoromethyl)phosphinohydrazines. NMR
spectral data and the stereochemistry of the adducts

are discussed.
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CHAPTER 1 INTRODUCTION

A. Phosphorus Nitrogen Chemlistry and the Formation
of the P-N bond

Phosphorus nitrogen chemistry is an extensive field,
including the phosphonitrilic polymers (1-5) and large
classes of phosphorus nitrogen compounds, the aminophos-
philnes (RZP)nNR13_n and RnP(NR12)3_n’ phosphonic amides,
RnP(O)(NRlz)3_n,phosphoric amides, (RO)nP(O)(NR12)3_n
phosphine imines, RaP#NRl, azophosphoric esters (RO),
P(0)-N=N-R, phosphazines, R,P=N-N=X (X=PR,, CR, etc.),
phosphorus azides, R;PN3;, and phosphorus hydrazines and

1 1
hydrazides, R P(NRNR™,), . and R P(O)(NRNR™ )3 . (¢ 4y,

Our basic interests have been in the study of trivalent
phosphorus and its compounds with nitrogen; recent comp-

rehensive treatments of the pentavalent phosphorus -

nitrogen system of compounds have been included in articles
by Fluck (6) and Nielsen (7).

The formation of the P-N bond has been accomplished
using a variety of reactions, but the majority of amino-

, have been prepared

1
phosphines, RnP(NR 2) and (RZP)nNR

3-n 3-n
by aminolysis of the phosphorus halogen bond. (Egn.1l-1).

R PXy_,+2(3-n)HNR,» R P(NR,)5_ +(3-n)R,NH.HX (1-1)




The use of this reaction has facilitated the prepar-
ation of a rangé of compounds of the types from P(NR,),
to (R,P)3N. Included in Table I-1 are representative
examples of some aminophosphines and phosphorus (V)
nitrogen compounds prepared by the aminolysis of the
phosphorus halogen bond. Other routes to the form-
ation of the P-N bond include a variety of dlsplace-
ment reactions (Table I-2), and addition reactions
(Table I-3).

Table I-1. Formation of the P-N

Bond, by the Aminolysis of the Phosphorus-Halogen Bond

Compound Preparation Reference
P(NH,), PC1l, + NH, p.296 of ref.6
{(RN)P(NHR)}, PCl, + H,NR R=aryl 8, 9

R=alkyl 10
P,NgMeg PCl, + H,NMe 11
P(NR, ), PC1, + HNR, 12, 13, 14
F,PNMe, PF, + HNMe, 15
C1,PNR, PC1l, + HNR, 12, 13, 14
C1P(NR,), " " 16
RP(NHR), RPC1, + H,NR 17
CF,P(NHMe), " " 21
RP(NR, ), RPC1, + HNR, p.315 of ref.6,

17

RP(C1)(NR}) " " 18, 19, 20
(CF,),PNH R,PC1l + NH, 22

{(CF4),P},NH " " 4 EtgN 23




(CF3) (CH3)PNH2 R2PC1 + NHy 24
{(CF3)(CH3)P},NH " " 24
R,PNHR R,PC1 + H,NR 25
(CF3) . PNHMe " " 22
{(CF,),P},NMe " "+ EtsN 23
(CF3) (CHj;)PNHMe " " 24
{(CF;3)(CH3)P},NMe " " 24
R2PNR; R,PC1 + HNR, 13, 17, 25,
26
(CF3) 2PNMe, " " 22
(CF,)(CH,)PNMe, " " 24
OP(NH,) 3 OPCl; + NH, 27, 28
RP(0)(NH,), RP(0)C1l, + NH, 29
OP(NHR) 3 OPCl; + H,NR 10
OP(Cl)n(NR2)3_n OPCls; + HNR 30, 31
(CF3),P(0)NMe, (CF3)3PO + Me,NH 32
Table I-2
Formation of the P-N Bond,
Displacement Reactilons

J 3PC1l; + 3 EtN(SiMes3), > (EtNPC1l), + 6Me;S1C1 33
{(CF,),P}2NNa + (CF;),PC1l > {(CF3),P},N + NaCl 23
(CF3)2NC1 + (CF3)sP =+ CF,Cl + (CF3)NP(CF3)., 34

(CF,),NC1 + (CF ) NP(CF ) = »{(CF;),N},PCF,
+{(CF3),N},P 34




Ph,P(0)C1 + NaN, + Ph,P(0)N, + NaCl 35
(Et0),P(0)H + CCl, + NH, + (Et0),P(O)NH,
+ NH,C1 + CHC1, 36

RNH, + PhgP + X, + RN=PPh,; + HX (X = halogen) 37

Table I-3 Formation of the P-N Bond,

Addlitlion Reactlons

+ = +
Ph PCl, =+ RN, Pth(Cl)3_n NR + N, 38, 39
RyPBr, + H,NR Dase(R,PNHR)*Br~ + HBr 40
R,P + R,NC1 + (R,NPRy)*C1- 41, 46

PhP(NRNMe, ), + NH,Cl1 + {PhP(NH,)(NRNMe,),}*c1~ 47, 48
RN(PPh,), + NH,Cl + NH, + RN{P(=NH)(Ph.) 1}
{PNH, Ph, }*C1- 49
From the heat of formation of P(NEt,),, the P-N

bond dissoclatlion energy has been calculated to be

66.8 Kcal/mole (50) (ef. H,NNH,, AH N-N, 57.1 Kcal/

diss

mole (51), H,C-CH,, AH C-C, 84 Kecal/mole (52)),

diss
but due to 1its polarity, 1t 1s readlly cleaved by HC1l

(6, 13, 53), and 1n some cases, by BF, (54), and BCl,

(11, 54); alcoholysis of (R,N),P gives the respective
amine and trialkylphosphite (RO),P (6). TFor the

aminophosphines, the donor site to boron ( p.323

of ref. 6, 55, 56, 57, 58 ), aluminum ( 59, 60 ),




phosphorus (61) and carbonium ion (13, 14, 17, 41, 42)
specles, 1s always the phosphorus atom. Thils has been
taken to suggest (p-d)rT interaction between the lone
pair on nitrogen and the empty 3d orbitals on phosphorus
lessens the availability of the nitrogen lone pair, while
enhancing the basicity of phosphorus (42). Coordination
of aminophosphines to transition metals 1s also belleved
to occur through phosphorus (16, 62, 63, 64, 65, 66); the
stablility of this arrangement is discussed in terms of the
hard-soft concept of Chatt (67) and Pearson (68, 69) in
which the 3d orbitals of phosphorus are able to accept
electrons from the d orbitals of the metal (62, 63, 70).
The reaction of aminophosphines with dilute H,0,(or
02) or elemental sulphur, leads to the respective amino-
phosphine-oxides and ~-sulphides, (R:N)3;P=X (X=0,S)

(6, 10, 11, 12, 26).



B. Some Aspects of the Chemical and Stereo-
chemical Properties of Substituted
Hydrazines

Hydrazine and substituted hydrazines present a
number of interesting chemical and stereochemical
properties. Listed 1n Table I-4 are some structural
parameters for some hydrazine derivatives. Investig-
ations to date suggest that methylhydrazines have a
gauche struéture ( 71 - 77 ), while F,NNF, 1is half
gauche and half trans (78), and (CF4),NN(CF,;), (79)
and (SiH,),NN(SiH,), (80, 81) are approximately

described as having D,  symmetry. (SiH,),NN(SiH,),

24
and (SiH,),N are analagous with respect to skeletal
planarity at the nitrogen atom(s) (80, 81, 82) and
non-basic character (83, 84); these properties have
been taken to suggest the presence of N-Si dative
bonding (80, 82, 83, 8u).

The weakness of the N-N bond in F,NNF, has been
discussed in terms of radical stabillity (95) while the
planarity and long N-N bond length of N,0, has been

suggested to be a result of m, with little or no ¢ bond-

ing character between the nitrogen atoms (p.61 of ref.96).
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This 1s not supported by spectroscopilc data (96 p.45),
but other bonding schemes 1nvolvling mostly N-N 7 bonding
interactions have been invoked to explain the structure
of O,NNO, (96 p.62). The surprisingly short N-N bond
length in (CF,) ,NN(CF,) ,has led Bartell and Higginbotham
(79) to postulate the presence of ¢ as well as o
bonding interaction across the N-N bond.

The N-N bond dissociation energles of the methyl-
hydrazines, obtained from electron impact studles, have
been shown to increase with increasing methyl substitutilon
(86, 87), while studies of the pyrolysis of methylhydrazines
indicate the reverse order (51), in keeping with the trend
noted for substituted C-C and 0-0 systems (51, 87). The
low N-N dissoclation energies for F,NNF, (89,90) and
O,NNO, (92), are in accord with their long N-N bond lengths.
In contrast the N-N bond of (CF,),NN(CF,), has been found
quite stable towards thermal cleavage (97).

The decrease 1n base strengths of the alkyhydrazines
with increasing alkyl substitution (88) is 1n contrast

to the amine series (98), Me,NH > MeNH,> Me ,N = NH,. This

apparently anomalous behavior has been attributed to loss
of hydration energy (99),.
Hydrazine forms complexes with most of the transition

metals (100) and has a variety of possible modes of
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coordlnation. The few structural studies completed
on transltion metal hydrazine complexes, indicate

possible M-N-N-M bridging, MrT bidentate, and
S
N

M-N-N monodentate functions for hydrazine (101-105).
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C. Hydrazine Derivatives of the Main
Group Elements

1. Hydrazine Derivatives of the Group III Elements

(a) Hydrazinoboranes

The preparation of hydrazlnoborane, H,BNHNHBH, was
first attempted in the early 1950's (106, 107), but the
guccessful 1solatlion of hydrazinoborane was not reported
until 1961 (108). Since then a number of hydrazino-
boranes have been prepared, by the pyrolysis of hydrazine-
borane adducts (109-111), and by the hydrazinolysis, (a)
of the B-Cl bond (108, 109, 112),(b) of aminoboranes (109),
and (c¢) of trialkylborates (113). 1In Table I-5 are
collected a representative sample of known hydrazinoboranes.

Chemically, the hydrazinoboranes differ only slightly

Table I-5

Hydrazinoboranes
Compound Preparation Reference
H,BNHNHBH, H,NNH, .BH, pyrolysis 108
(NH,NH) 3B BC1l; + H,NNH, 112
Me , BNHNMe , MeaBC1l + Me,NNH, 109
B(NHNMe, ) 3 B(NMe, )3 + Me,NNH, 109

(RO) ,BNHNH, B(OR)s + H,NNH, 113
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from the aminoboranes; HC1l is observed to cleave the
B-N bond in some hydrazinoboranes (109) yielding the
chloroborane and hydrazine hydrochloride (equation 1-2),
but the reaction of HC1 with (Me,NNH),B gives the

simple adduct B(NHNMe,),.3HC1 (109).
R,BNHNHPh + 2HC1 + R,BC1 + PhNHNH,.HC1 (1-2)

(b) Hydrazinoalanes

The hydrazinolysis of the Al-Cl bond has ylelded
a variety of hydrazinoalane dimers and higher polymers
(112), and reactions of RyAl (114-117) and R,Al.NR,
(114, 115) with substituted hydrazines, have given

similiar results (equations 1-3 and 1-4).

RyAl + RINNH, + (R,AINHNR}), + RH (1-3)
RyA1.NRY + RIINNH, + (R,AINHNRil), + RH + NRI (1-4)

Notably, in reactions of alkylhaloalanes with 1,1-di-
methylhydrazine, the aluminum-carbon, rather than the

aluminum-halogen bond 1s cleaved (117) (equation 1-5).
Et,A1Cl + Me,NNH, =+ (EtAlClNHNMe2)2 + EtH (1-5)

The dimeric hydrazinoalanes are easily converted to polymeric
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materials by pyrolysis (117). Table I-6 includes a
representi&tive sample of the hydrazinocalanes that have

been prepared.

Table I-6 Hydrazinoalanes

Compound Preparation Reference
(EtA1C1NHNMe, ), Et,A1C1 + Me,NNH, 117
(Et,A1NHNMe, ), Et;Al + Me,NNH, 116
(-Al(HNNHMe)NHNMe—)n A1H3; + MeNHNH, 115
(—MeAlNHNMe—)n Me;Al + MeNHNH, 114

2. Hydrazine Derivates of the Group IV Elements

The Grdup IV elements other than carbon, for which
hydrazine derivatives have been prepared, include silicon,
germanium and tin. Carbon~hydrazine chemistry forms a
large area of study in itself (118).

(2) Silylhydrazines (hydrazinosilanes)

The extent of s8ilylhydrazine chemistry has been due
in no small measure to the work of U. Wannagat (119)’who
has prepared and studied the chemistry of a large number
of silylhydrazine compounds; The preparation of silyl
hydrazines has been effected, by the hydrazinolysis of

a silicon halogen bond (84, 119-124) (equation 1-6)
3

and by the hydrazinolysis of silylamines (119) (equation 1-7).
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1,1-bis(silyl)hydrazines, on the other hand, have been
prepared by the reaction between a halosilane and the

1ithium salt of a silylhydrazine (119, 122) (equation 1-8).
2R,NNH, + Me,SiCl + Me,SiNHNMe, + R,NNH,.HC1 (1-6)
2RNHNH, + (Me,S1),NH + 2RNHNHSiMe, + NH, (1-7)
R,NN(L1)SiMe, + Me,S1C1 + R,NN(SiMe,), + LiCl  (1-8)

Representative compounds are presented in Table I-7.

Substitution of a silyl group on a monosubstituted
hydrazine seems to occur at the unsubstituted nitrogen
(119), although there has been some controversy over this
interpretation (125). The Si1-N bond 1s readily cleaved
solvolytically by dilute acid, and by anhydrous HC1l (119);
(S1Hy),NN(S1H,), detonates in dry air (84). Silylamines
are generally thermally stable against decomposition at
room temperature (126).

Reactlions of CO, and CS, with silylamines lead to

the carbamates and thiocarbamates, R,S1-Y-(-NR, (Y=0, S)
Y

analagous products are noted in the reactions of silyl-
hydrazines with CO, and CS, (128).

(b) Germyl- and stannyl-hydrazines

Whereas the hydrazlnolysls of a‘silicon—halogen bond
has led to the preparation of silylhydrazines (119), the

equivalent reaction does not occur with Me,GeBr; 1nstead,



Table I-7 Silylhydrazines

Compound Preparation Reference
Me; SiNMeNMeSiMe, Me; S1C1 + MeNHNHMe 122
Mes St NHNHS1 Mes Me,SiCl1 + H,NNH, 121, 123
(Mey S1 ), NNH, ’ " " 121, 123
(MesS4 ), NNMe, Me, S1C1 + Me, NN(Li)H 122
Me; Si NHNMe, Me,S1C1 + Me NNH 122
(S1Hs )2 NN(SiH;s ), HyS1I + H,NNH, 84
Me 2 Me ,
s1 s1 €134 (Me, )CH, 81 (Me, )C1 124
< N > + H, NNH,
1
N .
517 st
Si (NHNMe, ), SiCl, + Me,NNH, 120

Table I-8 Germylhydrazines

Ph,Ge(NPhNPh) 2GePh, Ph,GeCl, + L1,(PhN=NPh) 130
Me 3GeN(R)NMe. Mes;GeBr + Me,NN(Li)R 128

R=H, Me, GeMegs, SiMe;

a hydrazinegermane adduct is formed (128). Germyl-

hydrazines have been prepared however, utilizing the
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reaction between triphenylgermyllithium and azobenzene
(129) (equation 1-9), or between trimethylbromogermane

and lithium 1,l1-dimethylhydrazide (128) (equation 1-10).

. Ph3GeLil + PhN=NPh + Ph3;GeN(Ph)N(L1i)(Ph)

o

Ph3GeN(Ph)NHPh (1-9)
Me3;GeBr + Me,NN(Li)H + Me,GeNHNMe, + LiBr (1-10)

Table I-8 includes a representative sample of
known germylhydrazines.

The Ge-N bond 1s easily cleaved by protic reagents
(128, 131) and electron deficient molecules such as BF;
(128), as 1s usually found for the aminosilanes (83).
However, for Me,NN(SiMes3)(GeMes), the analysls of products
from reactlions with protic solvents, and analysis of mass
spectral data, suggest that the Ge-N bond is preferentially
cleaved over the Si-N bond (128).

Reactions with CY,(Y=0,S) give products of the type
RzNN(Rl)—Q—Y—GeMea (128). These reactions parallel the

Y
behavior of the Si-NR, (127), Ge-NR,(132) and Sn-NR, (133)

systems.
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The preparation of stannylhydrazines has received

little attention; however, the reaction between SnCl.
and H,NNH, has been reported to give an octahedrally
coordinated complex of trichlorostannylhydrazine,

SnC1l3NoHs.2N,H, (134).

3. Hydrazine Derivatives of Phosphorus
and Arsenic

(a) Arsinohydrazines

While aminoarsines, RnN(AsR})3_n (R=H, alkyl, aryl,

Rl=alkyl, aryl) are a well established class of nitrogen
arsenic compounds (135), few arsinohydrazines have been
prepared. The hydrazinolysis of (CF,),AsCl and (CF,) 4As
yield (CF,),AsNHNHMe and (CF,)pAsNHNMe (136, 137), and

the reaction between (CF,) AsCl and Me,NNHMe gives
(CFa)zASNMeNMe (137). The(trifluoromethyl)arsinohydrazines
were found to be unstable with respect to elimination of
CFSH and Nzat room temperature, restricting an examination
of their chemistry, but HC1l was found to cleave the As-N
bond in (CFs)ZAsNHNMez quantitatively to give (CFa)zAsCl
and MezNNHz.HCI (136).

(b) Phosphorus-hydrazine Compounds

The majority of phosphorus-hydrazine compounds pre-
pared to date are those contalning phosphorus in the
pentavalent state; 1interest in their preparation stems

partly from their possible biological activity (138,139).
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Phosphorus-hydrazine compounds have been synth-
eslized, generally followlng the routes used in the
preparation of aminophosphines; (a) by hydrazinolysis
of a phosphorus-halogen bond and varlous other elim-
ination reactions, (b) by transamination reactions,
and (c¢) by addition reactions. Listed in Table I-9
are representative examples of phosphorus(V)-~-hydrazine
compounds, whlle in Table I-10 the phosphinohydrazine
compounds prepared to date are tabulated.

The chemistry of phosphorus(V)-hydrazine compounds
has been described in an excellent article by Fluck (6).
Notable features of these compounds are theilr thermal
stabllity, and resistance to basic hydrolysis of the P-N
bond (6), although acid hydrolysis generally cleaves the
P-N bond (6, 138). Reactions of phenylphosphonic dihydra-
zlde, PhP(0)(NHNH,)2, with aldehydes and ketones, give
the hydrazones, PhP(0)(NHN=CR,),, and with stoichiometric
quantities of HC1l in ethanol solution, glve the dihydro-
chloride salt (1l40). These reactions parallel those found
for substituted hydrazines (118). Hydrazidophosphoric
diphenylester, (Ph0),P(0)N,H,, gives analogous products
with aldehydes and ketones, but cleavage of the P-N
bond occurs in aqueous solution (138). All of the
phosphinohydrazines prepared to date ( Table I-10 ),
were obtalned by the hydrazinolysls of a phosphorus-

halogen bond, except for bicyclic P(NMeNMe),P
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Table I-9. Phosphorus (V)-hydrazine Compounds

Compound Preparation Reference
YP(NHNH, ), YPC1, + H,NNH, 141, 142, 143
YP(NHNHR), YPC1l, + RNHNH, 143, 144

PhP(Y) (NHNH),P(Y)Ph RP(Y)Cl, + H,NNH, 140,145
ROP(Y)(NHNH,), ROP(Y)C1l, + H,NNH, 141, 142, 146
ROP(Y)(NHNR,), ROP(Y)Cl,+ R,NNH, 147

ROP(Y) (NHNHR), ROP(Y)C1l, + RNHNNH, 147, 148
R,P(Y)NHNH, R,P(Y)C1l + H,NNH, 149, 150
RZP(Y)NHNHP(Y)PR2 R,P(Y)C1l + H,NNH: 140, 140, 151, 152
(RO) ,P(Y)NHNH, (RO),P(Y)C1 + H,NNH, 138, 141, 142, 153
RP(Y)(NHZ)(NHNHZ) RP(Y)(NH,), + H,NNH, 29

(R,PNHNH,)TBr™  R,PBr, + H,NNH, 154
(R,PNHNHPR,)Cl, R,PCl, + N,H,.2HC1 154

RP(Y) (NHNH,), RP(Y)(OC (H,SO,NHNH,) +N,H, 155
(PN(NHNH,) ,) , (PNC1,), + H,NNH, 156

C1,P(Y)NHNHP(Y)Cl, PClg + H,NNH, + H,0 157

Y=0, 8
Table I-10
Phosphinohydrazines
Product Procedure Reference
P(NMeNMe.) p (Me N), P + HNMeNMeH.HC1 158
ClP(NMeNMe),PCl PCl,+ P(NMeNMe); P 158
thPNRNMe2 Ph ,PC1 + HNRNMe, 48, 159

R=H, Me Et.
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PhP (NRNMe, ), PhPC1, + HNRNMe, 48, 159
R=H, Me

P(NMeNMe, ), PG1l, + HNMeNMe, 48

(Ph,P) ,NNMe, Ph,PC1l + H,NNMe, + Et,N 159

Ph,PNHNHPPh, Ph,PCl + H,NNH, + Et,N 149, 159

(Ph,P),NNMe(PPh,) Ph,PCl + MeNHNH 6 + Et N 159

Pu(NNMez)6 PCl3 + HZNNMe2 160

(Me,N) ,PNHNHP(NMe,), (Me,N),PC1 + H,NNH, 149

X ,PNMeNMe, X2PC1 + Me,NNHMe 161

(X=C1, F) (X=F; NaF + C1 PNMeNMe )

XP (NMeNMe) , XPC1l, + Me,NNHMe 161

(X= C1, F) (X=F; NaF + C1P(NMeNMe,),)

Ph,PNHNPh, Ph,PC1 + H,NNPh, 162

(CF,), PNHNMe, (CF,),PT + Me,NNH, 163

CF,P(NHNMe, ), CF3PI, + Me,NNH, 164

(CF,),PNMeNMe,  (CF,),PT + Me,NNHMe 164

(CF,) ,PNMeNH, (CF,),PT + MeNHNH, 165

(CF,),PNHNHMe

and cyclic C1P(NMeNMe), PC1l, which were prepared by the
transamination reaction between(Me,N),P and HNMeNMeH.HC1,
and by the reaction of stoichiometric quantities of PCl ,
and P(NMeNMe); P, respectively (158). Although the P-N-N

arrangement offers three adjacent electron lone pairs, and
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might be expected to show differences in reactivity
towards electrophilic species as compared to the amino-
phosphines, the chemistry of the alkyl and aryl phos-
phinohydrazines is strikingly similar to that of the
alkyl and aryl aminophosphines. Thus, the phosphino-
hydrazines are oxidized by oxygen (158, 159) and sulphur
(158, 159) at the phosphorus atom to give the respective
hydrazinophosphine-oxides and -sulphides. Adduct
formation with boron (158) and carbonium ion (158, 166)
species occurs at phosphorus. Surprisingly, the terminal
nitrogen of the P-N-N system 1s unreactive towards elect-
rophilic species (166); the reaction of various (aryl)
phosphinohydrazines with chloramine give products
indicating that reaction occurs at the phosphorus atom.
Subsequent chloramination of either of the nitrogen
atoms does not occur (47, 48, 166).

In contrast to the silyl- and germyl-hydrazine
systems, reactlons of phosphinohydrazines with CS, are
not expected to give products resulting from an insert-

ion reaction. The (CFa)nP(NRz) compounds do not

3=-n
react with CS, (22), and Nielsen et. al. (166) suggested
that the initial product from the reaction between
Ph,PNHNMe, and CS, is an adduct, in which the CS,

molecule is coordinated to the phosphorus atom through
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carbon. This rearranges to give Ph,PN(CSSH)NMe,.
The possibility exists for the phosphinohydrazines

to undergo an Arbuzov rearrangement (167) to give

species of the type R2P(NR)NR2, although this reaction
has not been observed except at high temperatures

P=N-

(200°C); pyrolysis of PhP(NHNMe,), gives [ Ph ] (168).
NMez

n
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D. (CFg)nPX(B_n): The Influence of

Trifluoromethyl Substituents on the
Chemistry of Trivalent Phosphorus

The Michaelis-Arbuzov reaction has been widely
used to effect the formation of carbon-phosphorus bonds,
classically Involving the reaction of an alkyl halide
with an eater of trivalent phosphorus. The reaction
proceeds stepwise according to equation 1-11. (167).

A At LOR__ A O

SP-0-R + R'x> Y7 x™ »  p + R-X  (1-11)
s ’ 1

B 87 gl B 'R

/N

Thus, if a phosphine has good nucleophlilic properties at
the phosphorus atom,a rearrangement can occur as in

equation 1-12.

/
l/o\P
R S~
2R,P-ORY » 4 ¢, 2R,p? (1-12)
~P_ Rl S gl
/o7

This rearrangement previously prevented the isolation of

many R, P-OR and R, P-SR phosphines (172). Compounds of

the type (CF, ) POR {R=Me (169), H (170) —¢(0)Me and -C(0)CF,

(173), siMe, (171), P(CF,), (169)} , and (CF, ), PSR {R=CH, ,
H, But P(CFs ), (174, 175) } , have been found to be stable

with respect to an Arbuzov rearrangement, and together with

compounds of the type (C% % PNR2 and'{(CFa)zPBHé]j,representv

series of compounds whose properties suggest strong (p-d)

interaction across the P<M (M=0,S,N, "B-H" bond (56, 172)).
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The key to the existence and to the particular properties
of these compdunds lies 1In the function of the CF, groups
on phosphorus.

Alkyl and aryl phosphines readily display nucleophilic
reactivity, as evidenced in the Michaelis-Arbuzov reaction,
and in the formation of stable complexes with Lewls acids
(56, 176, 177). In this respect they function much like
their nitrogen analogues through o donation of a lone pair.
However, phosphorus can show m-acceptor properties as well;
the extent to which the o-donor w-acceptor interactions
of phosphorus 1s manifest, is dependent on the stereo-
chemical and electronic properties of its substituents.
Electronegative substituents, through an inductive effect,
decrease the availability of the phosphorus lone pair for g
donation; electron releasing substituents which donate
electrons into the phosphorus d orbitals,reduce its
capability as a w acceptor. The electronegative CF, group
{F > cFy > C1 (172)}, while reducing phosphorus o donor
properties, 1is uhable to offer = electrons to compete with
7 donor ligands; thus the trifluoromethylphosphines
function as good m acceptors (63). But with the CF3; sub-
stituents, ¢ donor properties are severely reduced. (62,
172, 178).

Barlow, Nixon and Webster (63), through observation

of the carbonyl stretching frequencles in LnMo(CO)( )
6~n
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compounds, have suggested a series 1in which 5 acceptor

ablility decreases 1n the order:
CF3PF2 ~ (CF3),PF > PF,; > CC1l3PF,
>C1CH2PF2 ~ PhPF, > ROPF,

> Ra2NPF, > RPFNR A (R,N),PF

>>> R3P.

It 1s suggested that the trifluoromethyl phosphines are
third only to CO and NO in 7 acceptor ability. Thus,
in the trifluoromethylphosphinoamines, {(CF3)2P}3_nNRn,
Np-Pd 7 bonding should be more extensive than in the
analagous alkylated phosphinoamines. Evidence for

a {p-d) 7 Interaction in these systems comes from both
chemical and physical investigations.

Attempts to prepare Me,PNH, (A) have led only to
(Me,P)2NH (B) k13), while the ammonolysis of (CF3),PCl
readily gives (CF3),PNH, (C) (22). {(CF3),P},NH (D) 1is
prepared only by the reaction of (C) with excess (CF,;),PCl
in the presence of Me3N as the hydrogen chloride acceptor
(23). {(CF;3),P},NMe (E) is prepared by the same method.
Moreover, whereas the P-N bonds in (B) are easlily cleaved
by HCl, the P-N bonds in (D) and (E) do not undergo fission

in this manner. The reaction schemes are shown in Figure I-11.
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Figure I-1., Effect of Trifluoromethyl Substituents
on Phosphorus(III) Chemistry

Me,PCl 4+ 2NH; + {Me,PNH,} + NH,C1
(A)

M82PCI
+ NH;,

(Me,P),NH + NH,C1l
(B)

3HC1 -mild

2 Me,PCl + NH4C1 (Me,P) 3N + NH,
lﬂHCl

3Me,PC1 + NH,C1

(CF3),PCl + 2NH, + (CF,),PNH, + NH,C1
(

C)
(CF3),PC1
NH,
+ Me ;N
N.R, et {(CF,),P}2NE HC1 _ N.R.
milg A (D)
Na HC1,\or H20,
or (C , PNH,
(CF3)2PC1 _

{(CF,;),P},N Na {(CF3)2P}2N




It is argued (23, 172) that in (D), HC1l does not
cleave the P-N bond because the nitrogen lone pairs
are fully employed. (D) does react with NH3 to give
(CF3),PNH, (C) 1indicating that the phosphorus atom
acts, in this reaction as a o acceptor (23).

Auxiliary m bonding between phosphorus and nitrogen
might be expected to show evidence of a rotational
barrier about the P-N bond. H' and F19 NMR studies
on compounds of the type RP(X)NR% (R = C1CH,, CHC1,CF,,
prl, Ph; R! = CH,; X = C1, F), indicate rotational

isomers at -50°C and below, depending on R and X

(20, 179).
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E. Research Proposal

A number of factors suggested the synthesis and
study of (trifluoromethyl)phosphino hydrazines. As
noted earlier, substituted hydrazines appear to present
some anomalous chemical and stereochemical properties;
increasing alkyl substitutlon causes a decrease in basicity,
relative to hydrazine (88),a trend contrary to that
observed for alkylamines (98), and the effect on the
basicity, stability and stereochemlistry of hydrazine with
other substituents such as CF; (79), F, (89), and SiH;
(84) i1s quite complex. As well, whether the N-N bond
dissociatlon energy lncreases (86), or decreases (51) with
methyl substitution i1s still uncertain.

The preparation of the P-N-N linkage is a natural
extension of aminophosphine chemistry, but while the latter
has two potential basic sites, the phosphlnohydrazine offers
three sites to which a Lewls acid or metal ilon may co-
ordinate. The factors influencing the basicities of the
phosphorus and nitrogen atoms in the phosphlnohydrazine
backbone are of interest. Whereas alkyl and aryl phos-
phinoamines, (13,17,42) and aryl phosphinohydrazines (166)
undergo reactions indicating phosphorus to be the most
basic atom, it might be expected that the presence of CF;
groups attached to phosphorus would diminish the avall-

ability of the phosphorus lone pair, and enhance nitrogen
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to phosphorus (p-d)m bonding. Experiments were
designed to test these possibilities. The modifying
effects due to the electronegative CF, groups may

change the coordination characteristics of the phos-
phorus, and may also determine the molecular con-
figuration and ﬁence, the potential chelating properties

of the (trifluoromethyl)phosphinohydrazine molecule.
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CHAPTER II

EXPERIMENTAL SECTION

A. Physicochemical Measurements

1. Infrared Spectra

Infrared measurements were determined using either
a Perkin-Elmer 457, a Beckman I.R. 12 or, in one instance,
a Unicam S.P. 200 infrared spectrophotometer. Samples were
prepared as KBr disks, or as mulls in nujol or halo oil,as
noted. Where possible, gas phase samples were run, using
10 cm. gas phase cells having either NaCl or KBr windows.
All spectra were calibrated with polystyrene film.

2. Mass Spectra

Mass spectral measurements were determined using a
Hitachi Perkin-Elmer R.M.U.-6E mass spectrometer. Samples
were generally introduced through the gas phase sample
receiving system, and all were ionized at a chamber
voltage of 80 ev.

3. Nuclear Magnetic Resonance Spectra

NMR measurements were made using a Varian A56/60
NMR spectrometer. H1 chemical shifts were measured rela-
tive to tetramethylsilane as internal reference, while
F'9 chemical shifts were measured relative to CFCl, as
internal reference. The spectrometer was fitted
with a Varian V-6057, variable temperature accessory

system, allowing spectral measurements from -60°
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to +200°C. Temperature calibration was achieved using
methanol (low temperature range), or ethylene glycol (high
temperature range).

4. Vapour Phase Molecular Weight Determination

Where compounds display reasonably high vapour pressures
at room temperature (>5mm), the determination of molecular
weight by gas density measurement 1s practical. By measurine
the pressure that a welghed sample of gas exerts 1in a known

volume, the molecular welght can be calculated from the ideal

gas law.
wt = Weight of sample
M= %% RT R = Gasbconstant
T = Temperature (%K)
P = Pressure

V = Volume

M = Molecular weight
This measurement was used, to verify the presence of post-
ulated reaction products, to determine the mole ratios of
mixtures of two known gases, to check for possible inter-
molecular association in the gas phase, and to determine the
molecular weights of new compounds.

5. Melting Point Determination

The majority of melting points were determined on
samples sealed under vacuum into glass capillaries. The
caplllaries were then suspended in a variable temperature oll

bath equipped with an electric stirrer and heating unit.
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The sample was viewed through a glass plate in the side of
the bath as the temperature was railsed. Melting points are
reported as the temperature at which the sample just begins
to melt, to the temperature at which the last crystals melt.
The melting points of compounds melting below 2500 were ob-
tained using an unsilvered dewar vessel as the bath; the
temperature of a sultably cooled liguid was gradually raised
by bubbling nitrogen gas through the bath. Temperatures were
measured with a calibrated thermometer.

6. Saturated Vapour Pressure Measurements

Saturated vapour pressures were measured using a mercury
tensimeter. The tensimeter was rigidly clamped in a Tamson
TV40 thermostatic bath filled with paraffin oil (max. temp.
variation t 0.005°C to 100°C, * 0.01°C over 100°: capacity
40 1litres). Vapour pressures were calculated from the difference
in mercury levels within Lhe tensimeter, as measured by a cath-
etometer. The maximum permiséible difference in mercury levels
within the tensimeter was 100 mm Hg; pressures greater than
this were compensated by bleedineg nitrogen into the vacuum side
of the tensimeter, and measuring this quantity with an aux-
iliary manometer. Pressures were measured during both rising
and falling temperature runs as a check against measurement
errors, and to detect possible thermal decomposition of the
compounds under investigation. The vapour pressures reported

are uncorrected for the variation of Hg density with T.
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B. Materials

Hydrazine, methylhydrazine, and 1,l-dimethylhydrazine,
obtained from K & K, were dried over anhydraus barium hyd-
roxide, and purified either by low temperature column dis-
tillation under nitrogen, or by vacuum fractionation.
Trimethylhydrazine and tetramethylhydrazine were prepared
and purified by the method of Class et.al.(l); the reaction

sequences are noted in equations (2-1) and (2-2).

Trimethylhydrazine:
_ : Me _
Me2 NNH, HCHQ ~ Mez NN=CH, LiAlH, ~Me, NN, (2-1)
Tetramethylhydrazine:
N K, .B 80, 2200N2, ofic ,CHO  Me, SO, , OHC_ ,CHO ;
NN NN
H H Me Me
0OHC CHO
\ /
NN LAALHY e, NNMe,
/7 A\
Me Me (2-2)

Infrared spectra (2) and vapour pressure measurements (3)
(4) (5) were made,and where applicable, N.M.R. spectra were
used, to verlify purity and composition. The pure hydrazines
were stored as liquids in sealed tubes.

Trimethylboron was prepared by the method of Brown (6)
utilizing the reaction between methylmagnesium bromide and

boron trifluoride. (equation 2-3)

3MeMgBr + BF, + Me, B + 3MgBrF (2-3)



LB TR B

45
The product was purified by vacuum fractionation and stored as
a gas in the vacuum system. Boron trifluoride (Allied
Chemicals) and boron trichloride (K&K), were purified by
vacuum fractionation and stored within the system as gases.
Infrared spectra of Mes3B, BF; and BClj; were consistent with
those reported in the literature (7,8,9).

Methylene chloride, chloroform, and carbon tetrachlorQ
ide (Fisher Scientific) were purified by vacuum fractionation,
stored 1in stoppered flasks over anhydrous calclum sulphate,
and refractionated just prior to use; deuterated chloroform
(Stohler Isotope Chemicals) was stored over anhydrous cal-
cilum sulphate as obtalned and fractionated before use.

Tetramethylsilane (Stohler Isotope Chemicals)was puri-
fied by vacuum fractionatlon and stored as a gas within the
system. Gaseous trichlorofluoromethane (Matheson, Coleman
and Bell) was found to be readily soluble in the vacuum stop-
cock grease, which soon deteriorated, allowlng seepage of air
into the system: 1t was kept as a liquld in a tightly sealed
metal container, and samples were fractlonated before use.
D,0 (Stohler Isotope Chemicals) was used as recelved.

Anhydrous hydrorsen chloride was prepared by the dropwise
addition of concentrated hydrochloric acid to concentrated
sulphuric acid, purified by vacuum fractionatlon, and stored
as a gas within the system.

The preparation of the trifluoromethylhalophosphines,

(CF3)n PI(B-n) followed the procedure of Bennett et.al.(10),

utilizing the reaction between iodine (Fisher Sclentific),
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red phosphorus (Fisher Sclentific), and trifluoroiodomethane
at moderately high pressure (= 9 atmos.) and temperature

( =200 - 220°C). Trifluoroiodomethane was prepared from the
reaction of silver trifluoroacetate with iodine (11) (12);
silver trifluoroacetate was obtained from the reaction between
trifluoroacetic acid (Eastman Organic Chemicals), and either
silver carbonate (Fisher Scientific), or silver oxide (Fisher
Scientific) (11) (12). The above reaction sequences are noted

in equations (2-4), (2-5), (2-6) and (2-7).

Silver trifluoroacetate:

Ag, CO; + 2CF3 COOH —— 2CF, COOAg + CO, +H,0 (2-14)

Ag, O + 2CF3 COOH —— 2CF3COOAg + H20 (2-5)

Trifluoroiodomethane:

CF,COOAg + I, — CF, I + CO, + AgI (2-6)

Trifluoromethyliodophosphines:

®]
)
CF3I(xs) + P + I, Elolodgsg CF3PI, + (CF3),PI ®#(2-7)
+ (CF3) 3P

* Mole ratios of products depends on the temperature

employed (10); PI3; and/or P,I, 1is also formed.
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Solvents used, diethyl ether, chlorobenzene,
cyclohexane, tetrachloroethlyene, (Fisher Scientific),
dibutyl ether, (Easztman Organic Chemicals), were dried
rigourously by standard procedures, and purified by
vacuum fractionation, diascarding all but constant vapour
pressure fractions. Purified solvents for later use
were stored in sealed tubes. Infrared, NMR, and vapour
pressure measurements were used to confirm purity and

composgition.
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C. Borane Adducts of Methylhvdrazines

l. Experimental Procedure

Reactions between BX; (X = Me, F, Cl) and methyl-,
l1,1-dimethyl~:, trimethyl-, and tetramethyl-hydrazine, both
in the presence and in the absence of solvent, were carried
out in a 75 ml. pyrex tube fitted with a B-14 cone. Typically,
reactions in solution were effected according to the following
procedure: (a) the alkyl hydrazine, followed by the solvent,
was . condensed into a tube immersed in liquid nitrogen, (b)
the tube was warmed to room temperature, allowing the components
to mix, (c) the solution was refrozen in liquid nitrogen and
the borane was condensed into the tube, and (d) the system was
allowed to come to room temperature. After a few hours at room
‘temperature, products were fractionated across a five trap
vacuum system to effect the separation of solvent, unused re-
agents and new products.

Reactions in the absence of a solvent were executed in a
different manner: (a) the alkyl hydrazine was condensed into
a reaction tube surrounded by liguid nitrogen, (b) the liquid
nitrogen bath was moved to a higher level on the reaction tube,
and the borane was then allowed to condense on a different
section of the tube, (c) the liquic nitrogen bath was replaced
by a bromobenzene slush bath at -33°C, and the system allowed
to equilibrate, and (d) after one hour the system was brought
to room temperature. Products were then fractionated through

a f[ive trap system to remove any unreactel speciles.
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Products from these reactions were usually volatile
and transfer within the vacuum system was achieved by cooling
the accepting section in ligquild nitrogen; products were trans-
ferred in this manner into N.M.R.tubes, modified to be easily
attached to,and removed from, the system.

In early experiments, N.M.R. tubes fitted with B-14 cones,
were sealed off under vacuum after transfer of products. Re-
use of the N.M.R. tube however, involved the removal of the
sealed section, and the resultant shortening of the tube re-
stricted the number of times it could be used. Added sections
of equivalent diameter pyrex tubing preserved the length of the
tube through subsequent use, but usually caused poor spinning
in the N.M.R. spectrometer. A tube having good spinning
characteristics, and which could be used any number of times,
was constructed by attaching a B-7 cone directly to the tube.
The top half of the cone was cut off to decrease weight (im-
proving spinning qualities), and to allow a small syringe cap
to be inserted as a plug. A B-7 to B-14 adapting section was
used to attach the tube to the vacuum system. Products and
a suitable solvent were condensed into the tube, allowed to
warm to room temperature, and dry nitrogen gas was added to
bring the pressure to one atmosphere. The tube was then dis-
engaged from the system and a tightly fitting syringe cap
was used as a plug. Removal of a few millilitres of gas by
syringe, was facilitaéed through the cap, and was done as a

precaution against breakare of the tube at the running
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temperature of the NMR spectrometer (=39°C).

Nonvolatile products were transferred to NMR tubes
by syringe. Reaction tubes includling such products were
filled with dry nitrogen gas to one atmosphere and dis-
connected from the system. A suiltable solvent was then
introduced by a syringe fitted with a plastic tubing adapter
and a length of Intramedic polyethylene tubing (Clay Adams).
The solution was then drawn out, injected into an NMR tube
previousgly flushed with dry nitrogen, and capped.

NMR studiles at temperatures other than the operzting
temperature of the spectometer required syringe transfer of
solutions in the same manner. The Varian A 56/60 spectometer
was fitted with a Varian V-6057 variable temperature accessz-
ory which required that a pressure cap be fitted over the NMR
sample tube to enable the air spinner to function. This re-
stricted the length of the NMR tube used, but the above trans-
ferring procedures to a shortened NMR tube proved satisfacbtory.

2. The Formation of Adducts.

(a) Reaction of MeNHNH, with BMe3

MeNHNH, (2.40 m.moles), followed by 2.43 m.moles of BMe;
were condensed into a reaction tube and allowed to equilib-
rate at -33°C for one hour before bringing to room temperature.
The product was observed as a white crystalline volatile solid,
melting at about 20°C; NMR (Table II.4) and infrared measure-
ments (Table II.7) indicated the product to be the adduct

MeNHNH; .BMe3 . The adduct was soluble in CDCls; and CH,Cl,.
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(b) Reaction of MeNHNH, with BF,

In a typical experiment, MeNHNH: (2.29 m.moles and BF;
(2.31 m.moles) were allowed to react at -33°C for one hour.
At room temperature, the product was observed initially as
a viscous oil, which slowly crystallized to a white solid
m.p.=SOOC). Products were volatile enough to be trans-
ferred slowly in vacuo, and were 1insoluble in CDCls and

1 ana 719 NmMR

CH»Cl,. DMSO-d® , and D, O solutions gave H
spectra (Table II.4) indicating more than one product had
been formed. The infrared spectrum of the products 1s given
in Table II.S8.

(¢) Reactlion of MeNHNH; with BCls

MeNHNH2 (3.25 m.moles), followed by 3.16 m.moles of BCl3;
were condensed into a reaction tube open to a mercury
manometer  The nitrogen bath was remoVed, and a -45° bath
placed around the tube. Immediately, there was a sudden rise
in the pressure of the system followed by a second rise shortly
thereafter. After one hour, products were fractionated across
a five trap vacuum system. Products recovered were HC1l (0.83
m.moles) and BC1l3(1.49 m.moles). A white involatile solid re-
mained 1n the reaction vessel. Infrared spectra of the solid
(Table II.9) together with analysis of the reaction stoi-
ciometry suggested a number of products had been formed.

(d) Reaction of Me,NNH, with BMes;

Me:NNH, (1.47 m.moles),followed by 1.49 m.moles of BFs; were

condensed into a reaction flask and brought to -33°C
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for one hour before allowing the system to come to room
temperature. The product was observed as a volatile white
solid which was easily transferred in vacuo to an NMR tube.
NMR (Table II.3) and infrared (Table II.11) measurements
suggested the product to be Me, NNH, .BMe; .

(e) Reaction of Me,NNH, with BF,

Mea2NNH: (1.63 m.moles), followed by 1.62 m.moles of BF,
were condensed 1nto a réaction tube, and the system allowed
to equillibrate for one hour at -33°C pbefore it was allowed
to come to room temperature. The product, soluble in CDCl1,
and CH,Cl, , was observed as a white crystalline solid. NMR
(Table II.3) and infrared measurements (Table II.12) sug-
gested the product to be the adduct, Me,NNH, .BF; . Reactions
in cyclohexane gave identical results.

(f) Reaction of Me,NNH, with BCl,

Reactions between Me, NNH, and BCl; in the absence of
solvent gave a mixture of white and yellow solids. Products
from solution reactions however suggested the formatlion of an
adduct Me, NNH, .BC1l;. 2.23 m.moles of Me, NNH, followed by
1.6642 g. of cyclohexane were condensed into a reaction tube
and allowed to mix at room témperature. After refreezing 1n
liquid nitrogen, 2.24 m.moles of BCl, were added and the system
was allowed to come to room temperature. After one hour, re-
moval of the cyclohexane in vacuo yielded a white solid which
was insoluble in both CDC1l, and CH,C1l,. DMS0-d°® solutions

required transfer to NMR tubes by syringe. After long standing,
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a white solid precipltated from these solutions. NMR data
(Table II.3) suggested that the initial product was the adduct,
Me2NNH2.BCls. The infrared spectrum is given in Table ITI.13.

ig) Reaction of Me,NNHMe with BMej

Me,NNHMe (1.72 m.moles), followed by 1.84 m.moles . of
BMeas were condensed into a reaction tube and the system
allowed to equilibrate at -33°C for one hour. After products
were brought to room temperature, the most volatile fraction
was removed, which showed the characteristic infrared spectrum
for BMes = (0.14 m.moles). The product, a colorless liquid at
room temperature, was soluble in CDCls; and CH,Cl,. NMR (Table
II.3) and infrared measurements (Table II.15) indicated the
product to be Me;NNHMe.BMes.

(h) Reaction of Me,NNHMe with BF;

Me,NNHMe (1.38 m.moles), followed by 0.3380 g. of cyclo-
hexane were condensed into a reaction tube and the components
were allowed to mix. After refreezing the solution, 1.41 m.
moles of BF3 were added and the system allowed to come to room
temperature. The product, a clear liquid, separated from the
cyclohexane quite rapidly, comprising the bottom layer. The
cyclohexane was removed in vacuo and the product transferred
to an NMR tube. NMR spectra of CDCls and CH,Cl, solutions
(Table II.3) as well as infrared measurements (Table II.16)
suggested the product to be the adduct Me,NNHMe.BFj3;. React-

ions in the absence of solvent gave equivalent results.
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(1) Reaction of Me,NNHMe with BCl,

Me ,NNHMe (0.72 m.moles), followed by BC1l,;(0.72 m.moles),
were condensed into a reaction tube, and the system allowed to
react at -33°C for one hour before bringing to room temp-
erature. The product, a clear viscous oil, could be trans-
ferred very slowly by vacuum distillation, hence NMR tubes
were filled with CDCl,; solutions of the compound by the
syringe method. NMR spectra (Table II.3) suggested that the
initial product was the adduct Me,NNHMe.BCl;. The infrared
gspectrum 1s given in Table IT.17.

() Reaction of Me,NNMe, with BMe,

Me,NNMe, ( 1.25 m.moles), was condensed into a reaction
tube followed by 1.24 m.moles of BMej,, and the system‘was
allowed to equilibrate at -33°C for one hour before bringing
to room temperature. Transfer of products by vacuum distil-
lation to an NMR tube was raplid, and as a‘precaution against
the possibility of free BMej; remaining in the vapour phasg,
the most volatile component was condensed into a trap on the
vacuum system. The NMR spectrum of the remalning component
was that of uncomplexed Me,NNMe, . The most vol-
atile fraction showed the infrared spectrum for BMe;. Thus,
at room temperature, BMe; does not form an adduct with Me,NNMe,.

(k) Reaction of Me,NNMe, with BF,

Me,NNMe, (1.25 m.moles), followed by 1.26 m.moles of BF;

were condensed into a reaction flask and allowed to equilib-
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rate at —33OC for one hour before bringing to room
temperature. The products were observed as a clear non
volatile liquid, which quickly turned pale yellow (15 min.).
The products were insoluble in CDCl, and CH,Cl,, but
dissolved in DMSO-d® : solutions of the latter were trans-
ferred to an NMR tube by syringe. H1 and F19 NMR spectra
(Table II.4) indicated that an initially formed Me,NNMe,.BF,
adduct undergoes further reaction. After three weeks,

the DMSO (d®) solution of products turned dark brown.

(1) Reaction of Me,NNMe, with BC1l,

Me,NNMe, (1.22 m.moles), followed by 1.23 m.moles
of BCls were cbndensed into a reaction tube. No reaction
was observed at —780C, but as the tube was warmed to —33°C,
a rather violent reaction occurred, yielding a dark orange
viscous liquld, which was 1nsoluble 1n CDCl3 and CH,Cla:
DMS0-d 8 solutions were transfered to an NMR tube by

1 NMr showed a single peak at 7.18t (Table

syringe. The H
I1.4).

3. NMR Data

(a) Preparation of 10% Me,NNH,.BX; and Me,NNHMe.BX3,

Solutions for NMR Studies

Reactions of MeNHNH, and Me,NNMe, gave results indicating
other than simple adduct formation wilth some boranes; only the
Me ,NNHMe.BX; and MegNNH,.BX3; serles were used for the com-
parison of deshielding effects at the NMe protons caused

by adduct formation with BX3s. To minimise the effects of
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concentration on the NMe proton chemical shifts, 10% by
welght solutions were prepared for NMR study. The quant-
itles of reactants and solvents are noted in Tables II.1
and II.2. The NMR data for Me,NNH,.BX3; and Me,NNHMe.BX,
as 10% solutions in CH,Cl, are shown in Table II.3. The
NMR data for the MeNHNH,.BXs and Me,NNMe,.BX3; systems are
shown in Table II.4.
4. Infrared Data

(a) Preparation of RRlNNRllRlll.Bxa Samples for

Infrared Spectroscopic Measurements

Infrared measurements of the R2NNR.,.BX3 adducts were
made on samples prepared by reaction between R,NNR, and
BX3; at —3300, in the absence of solvent. In most cases,
products were liquid, and could be run on the sample
pressed between NaCl plates. In one instance (MezNNHz,BMes)
the product displayed a vapour pressure suitable for a
good vapour phase spectrum. Solid samples were run as
KBr pellets. Quaﬂtities of reactants employed in the
preparation of these samples are shown in Table II.5.
The infrared data for the hydrazineborane systems are

shown in Tables II.6 to II.T7.
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(a) H1 chemical shifts measured relative to tetramethyl-

silane t=10; 1. as internal reference; 2. as ex-
ternal reference; 3. F19 chemical shifts in ppm
relative to external CFCl,.

(b) H1 spectrum temperature dependent; see discussion.

(¢) NMe peaks assigned F3;B.NH(Me)NH,, 7.331; MeNHNH,.BF,,
7.23T; see discussion.

(d) NH peaks assigned F3B.NH(Me)NH,, (NH2) 6.70t (NH)
1.851; MeNHNH,.BF;3; (exchanging N—H), 2.621; see
discussion.

(e) F'Y peaks assigned FsB.NH(Me)NH,, 159.2 ppm, Jg 15.5

cp8; MeNHNH,.BF;, 151.6 ppm, J 17.0 cps; BFY .

BF
149.3 ppm, Jgp 1.0 cps, see discussion.

(r) wid peaks assigned MepNNMe,.BF3, 151.1 ppm, Jgq,

15.8 cps; BF?, 149.2 ppm, J 1.2 cps; RNBF,, 147.3 ppm;

BF?

see discussion.
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Table II.6
MeNHNH2 : Infrared Spectrum(a)
em™ 1 Intensity(b) em™ 1 Intensity em™ 1 Intensity

755 . . 84 975 49 1478 28
768 85 1005(sh) by 1580(broad) 14
775 83 1120 bg 2797 61
871 86 1279 23 2845 66
884 100 1296 25 2885(sh) 59
898 90 1305(sh) 18 2950 74
946 b5 1448 35 3250(broad) 28
962 59 1462 28

(a)

Spectrum measured on gas phase;
using Perkin-Elmer U457 spectrophotometer.

10 ecm cell, NaCl windows;

(b) Intensities relative to band at 884 em~l = 100 units
Table II.7
MeNHNH, .BMe3 ; Infrared Spectrum
em ™2 Intensity<b) em~ 1 Intensity ecm~1 Intensity

671 43 1287 93 2945(sh) 54
815 17 1408 28 3002 30
841 37 1455 48 3155 39
869 26 1601 55 3225 36
989 84 2817 78 3257 43
1028 59 2846(sh) 68 3270(sh) 35
1088 70 2885(sh) 91 3345 36
1152 41 2912 100

(a) Spectrum measured on liquid pressed between NaCl plates

(b)

using Perkin-Elmer U457 spectrophotometer.

Intensities relative to band at 2912 em~1 = 100 units.
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Table IT.8
MeNHNH, .BF3 : 1Infrared Spectrum (2)
em~1 Intensity(b) em~ 1 Intensity em~1 Intensity

709 61 1399 80 3195 89
755 34 1460 86 3303 90
796 61 1620 84 3353 95
899 94 2475(sh) bg 3585(broad) 56
930(broad) 87 2560(sh) 52

1060(broad) 100 2675(sh) 76
1220(broad) 85 2755(broad) 86
1280 78 3045(broad) 91

(a) Spectrum measured on liquid pressed between NaCl plates
using Perkin-Elmer U457 spectrophotometer.

(b) Intensities relative to band at 1060 em~1 = 100 units.

Table 1I.9
" MeNHNH,.BCls " : Infrared Spectrum (a)
cm”l Intensitv(b) cmfl Intensity em~1 Intensity

u21 22 1146(sh) by 1590 56
509 24 1242 51 2485 71
887 e 1330 60 2750(broad) 91
924 64 1400 53 2870 91
1001 62 1455 58 2940(broad) 98
1108 87 1480 58 3120 100
3200 98

3400(broad) 82

(a) Spectrum measured on KBr disk using Perkin-Elmer U457
spectrophotometer.

(b) Intensities relative to band at 3120 cm™ 1 = 100 units.



Table II. 10

(a)

Me,NNH, ; Infrared Spectrum
em™ L Intensity cm™ L Intensity cm~1 Intensity
795 73 1141 62 2765 99
803 79 1153 22 2785(sh) 92
815(sh) 62 1213 25 2815 97
895 93 1300 by 2828 85
905 100 1310 33 2845(sh) 83
915(sh) 92 1437(sh) 61 2865(sh) 72
1030 63 1448 67 2958 9l
1045(sh) 62 1457 72 3185 43
1055(sh) 57 1475(sh) L6
1115 22 1586 46

(a) Spectrum measured on gas phase;
using Perkin-Elmer 457 spectrophotometer.

10 cm cell; NaCl windows;

(b) Intensities relative to band at 905 cm~1 = 100 units.
Table II.11
Me ,NNH,.BMe;3; ; 1Infrared Spectrum (a)
cm_1 Intensity(b) em~1 Intensity em=1 Intensity

675 51 1104 93 1462(sh) 72
807 67 1155(sh) 34 1475(sh) 64
820(sh) 63 1235 31 1592 70
850 37 1298 100 2835 (br.sh) 81
929 87 1353 27 2910(broad) 87
989 85 1396(sh) 31 3000(sh) 51
1048(sh) 78 1425(sh) 70 3270(sh) 39
1078 93 1445 75 3338 43
(a) Spectrum measured on gas phase, 10 cm cell: NaCl windows

using Perkin-Elmer /457 gpectrophotometer.
solid sample showed equivalent peaks although not as
highly resolved. '

(b) Intensities relative to band at 1298 cm™

Spectra on

= 100 units.
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Table II.12

Me,NNH,.BF; : Infrared Spectrum (a)
cm—1 Intensity(b) cm‘1 Intensity cm"1 Intensity
687 63 1390(sh) 28 3025 23
760 10 1436(sh) 48 3205 4o
837 61 1468 75 3304 42
915 98 1615 59 3360 60
1110 (very 100 2715 22
broad)
1282 22 2967 27

(a) Spectrum measured on liquid pressed between NaCl plates
using a Perkin-Elmer 457 spectrophotometer.

(b) Intensities relative to band at 1110 cm'1 = 100 units

Table IT.13

Me,NNH,.BCl; : Infrared Spectrum (a)(e)
~1 b
e Intensity( ) em™ 1 Intensity cm~1 Intensity
665 29 990(sh) 62 1280(sh) 85
812 31 1020 69 1330 98
867 Lo 1063 58 1420(broad) 90
892 29 1303 73 2500(broad)100
946 Ly 1245(sh) 73 " 3000(broad) 92

(a) Spectrum measured on solid pressed between NaCl plates
using Perkin-Elmer 457 spectrophotometer.

(b) Intensities relative to band at 2500 cm“1’= 100 units.

(¢) Spectrum poorly resolved.
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Table II.14
Me,NNHMe : Infrared Spectrum (a)
cm"1 ' Intensity(b) em—1 Intensity em~1 Intensity

738 67 1096 58 2775 98
750(sh) 63 1101(sh) 54 2825 95
876 89 1130 bg 2880(sh) 86
963(sh) b6 1201 43 2960 100
970 58 1213(sh) N 2995(sh) 87
979 45 1326( ) 77 3210 57
1015 53 1483(sh 71

1026)doublet 3 1580(broad) 12

(a) Spectrum measured on gas phase; 10 cm cell; NaCl windows
using Perkin-Elmer U457 spectrophotometer

(b) Intensities relative to band at 2960 cm™% = 100 units.

Table II.15

Me ,NNHMe . BMe Infrared Spectrum (a)

3

cm—1 Intensity(b) em—1 Intensity cm—1 Intensity

669 43 1098 63 1488 50
723 72 1108 56 2808 74
811 24 1147 50 2919 100
849 23 1236 20 2963 71
941 59 1290 93 3015 39
980 71 1304 70 3270 13
1051(sh) 55 1393 17 3357 37
1068 72 1405(sh) 16
1080 71 - 1469 65

(a) Spectrum measured on liquld pressed between NaCl plates
using Perkin-Elmer U457 spectrophotometer.

(b) Intensities relative to band at 2919 em™' = 100 units.
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Table II.16
Me ,NNHMe.BF3; : Infrared Spectrum (2)

em—1 Intensity(b) cm—1 Intensity cm"1 Intensity
590 75 1055 65 1510 4o
614 52 1095(sh) 77 1625(broad) 11
672 58 1160 100 2807(sh) 11
682 4qg 1202(sh) 81 2905(sh) 23
769 67 1258 4q 2980 35
865(sh) L7 1335 20 3026 21
905 99 1390 23 3260 19
988 37 1440(sh) Ly 3350 32
1001 37 1476 70

(a) Spectrum measured on liquid pressed between NaCl plates
using Perkin-Elmer U57 spectrophotometer.

(b) Intensities relative to band at 1160 em™! = 100 units.

Table II.17
Me ,NNHMe .BC13; : Infrared Spectrum (a)
em—1 Intensity(b) em™t Intensity cm~1 Intensity
660 (broad 89 1030(sh) 56 1460(broad) 96
shoulder)
685(broad) 93 1052 71 1585 59
766 T4 1116 83 2035 17
801 (sh) 38 1130(sh) 79 2445(broad) 98
888 50 1203(broad) 79 2625(very broad)100
925 38 1240(broad) 70 2865 (broad 87
shoulder)
949 47 1328 63 2930(broad) 90
964 50 1400 (broad) 93 3195 63

(a) Spectrum measured on liquid pressed between NaCl plates
using a Perkin-Elmer U457 spectrophotometer.

(b) Intensities relative to band at 2625 cm"l = 100 units.
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D. Reactions of Methylhydrazine and

1,1-dimethylhydrazine with

Polyhalomethanes

1. Reactions with CCl,

(a) Reaction of MeNHNH, with CCl, in Triethylamine

for seven days

MeNHNH, (29.440 m.moles), CCly (32.556 m.moles) and
Eti:N (5.5494 g) were condensed into a one-litre round
bottom flask, fitted with a Springham greaseless high
vacuum stopcock, and into which a quantity of ground glass
had previously been added. The tap was closed and the
system allowed to come to room temperature. No reaction
was observed for one half hour oh the yndisturbed mixture,
but once the flask was gyirled bubbles quickly formed.
Bubbling continued at a slackening pace for four days before
ceasing. The product mixture was allowed to stand, with
intermittent agitation for three more days before determin-
ation of products. A non-condensable gas was removed and
meagured by means of a Sprengel pump. Liquid products,
rewarmed to room temperature,evolved more non-condensable
gas, which was removed in the same manner (total, 13.05
m.moles). The gas gave the infrared spectrum for CH4(2)
and a mass spectrum, indicating the gas to be a mixture of

CHy (m/e = 16), and N, (m/e = 28). The ratio of CHy to N;
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was calculated from the observed mean molecular welight

(Mobs = 23.5) to be CH4:N, = 3:5, indicating their quant-
ities to be 4.894 m.moles CHy and8.156 m.moles N,. The
-120° fraction showed the infrared spectrum (13) and mass
spectrum (m/e = 17) for ammonia (3.156 m.moles). Fractions
at -96°, -63°, and -45°, analysed by mass, infrared and NMR
sapectroscopy, conslisted of varying concentrations of CHCl,,
CCl, and Et3N, plus some unidentified materials (total,
10.5553 g). An NMR spectrum of a homogeneous mixture of all
three fractions indicated CHCls; to be present as a .156 mole
fraction of Ets;N (Et;N; CHs(triplet) 9.03t, J(CH3CH,)7.2 cps;
"CHy(quartet) 7.57t, J(CH,CH3) 7.2 cps; CHCl,y; 2.71). A

non volatile pale yellow 80lid remained in the reaction flask
(1.0030 g., by difference) which gave an NMR spectrum in D,0,
analysed as an equimolar mixture of MeNHNH,.2HC1l and Ets;N.HC1
(Et 3N; CH3(triplet) 8.721t, J(CH3CH,)7.2 cps, CH2 (quartet)
6.78t, J(CH,CH3) 7.2 cps; MeNHNH,; N.CH; 7.12t; HDO; 5.28t,
TMS external). Aqueous solutions gave a positive test for
Cl™ with AgNOa; Ago was precliplitated on longer standing
indicating the presence of a free hydrazine. Quantities of

reactants and products are listed in Table II.18.
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Table I1.18 Reactants and Products from MeNHNH, + CCl,

Reactants # m.moles Products # m.moles
MeNHNH 29.439 N2 8.156
CCly 32.608 CH,, 4,894
Et 3N 54,945 NH 3 3.156
| Et 3N 51.0 (@)
CHC1, (b)
MeNHNH 2HC1 (c)
Et N.HC1 3.9 (¢
CCly ?

(a) Calculated from Et3N.HC1l found
(b) Calculated as 15.6% moles EtaN

(¢) Calculated from the weight and composition of =olids.

(b) Reaction of MeNHNH; with CCl, in

Triethylamine for Two Days

MeNHNH, (55.788 m.moles), CCl, (65.995 m.moles and
Et3sN (11.4610 g.) were condensed into a one litre flask as
before, and allowed to react for two days before determin-
atlion of products. A non-condensable gas, removed and
measured by means of a sprengel pump, was shown by infrared
and mass spectroscopy to be a mixture of CH, and N, in a
molar ratio of 1:3 (mean molecular welght 25.05; n calc. CHy,
2.4 moles, n calc. N2, 6.4 moles). Fractionation of the
remaining liquid, which liberated more non-condensables at

room temperature, was accomplished across a five trap system
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at -45°, -63°, -96°, -120° and -196°. The -196° fraction
showed the infrared and mass spectra for NHi. The -120° frac-
tion showed the mass spectrum expected for a mixture of NH;
(m/e = 17), EtsN (m/e = 101) and possibly MeNH, (m/e = 31).
The gas phase Infrared spectrum showed strong bands due to
NHj3;, weak bands attributable to Et3N, and a strong character-
istic PQR structured band at 1050 em™1 due to MeNH,(2)

The —96o fraction analysed by infrared and mass spectroscopy
as a mixture of MeNH, , EtsN and CH,Clp. The -63° and -u45°
fractlions, analysed by infrared, mass and NMR spectroscopy
indicated the presgence of Et3iN, CHCls and CH,Cl, and un-
reacted MeNHNH, and CCl,. D,0 solutions of a non volatile
80lid remaining in the flask showed the NMR spectrum expected
for an equimolar mixture of MeNHNH,.2HC1l and Et;N.HC1l, gave

a postive test with AgNOs for C1l© and quickly reduced Ag!

to Ago. No CH3Cl was detected in the infrared, NMR or mass
spectra. A summary of reactants and products is given in
Table IT.19.

Table ITI.19. Reactants and Products from MeNHNH, + CCl,

Reactants Products

MeNHNH 2 N2 CHC1,

CCly CHy CH.C1,

Et 3N NH 3 MeNHNH, .2HC1

MeNH 2 EtsN.HC1
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2. Reactlons wlth CH,Cl,

(a) Reaction of MeNHNH, with CH,C1,in Triethylamine

for Eighteen Days

MeNHNH, (24.548 m.moles), CH,C1,(25.053 m.moles) and
EtsN (10.8640 g.) were condensed into a reaction flask
fitted with an in situ filtration apparatus, sealed and
allowed to warm to room temperature. A reaction was not
immediately apparent, but after twenty hours, two immiscible
layers were observed, the bottom layer a clear colorless
oil. The quantity of the bottom layer gradually increased
over one Week,at which time colorless crystals appeared in
the top layer. Eilghteen days following the mixing of re-
actants, products were fractionated, yielding CH,Cl, (17.87
m.moleg), EtzN (10.5806 g.), a mixture of Et;3;N.HC1 and
MeNHNH, .HC1, and a white volatile so0lid (-N(Me)NHCH;-),
(compound I, 2.01 m.moles, 49%; m.p. 118-120°C). Compound
I was purified by repeated vacuum fractionation. Infrared
(Table II.20), NMR(Table II.25) and mass spectroscopy

(Table II.21) were used to confirm the proposed formula.
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Table II.20
(-N(Me)NHCH2-), (Compound I): Infrared Spectrum (a)

cm"1 Intensity(b) cm_1 Intensity cm"1 Intensity
309 uy 1415 50 2190 9
336 67 1442 86 2234 13
huyy 46 1447(sh) 84 2265 12
675 56 1461 83 2685 59
818 97 1486 83 2793 97
845 Ly 1605(broad) 36 2829 100
908 95 1879 31 2868 98
990 97 1904(sh) 12 2935 99
1079 93 1945(sh) 20 2950 99
1124 83 1956 22 2975 92
1168 85 2026(sh) 12 2990 92
1217 90 2050(sh) 13 3122 93
1288 83 2090 23 3218 55
1357 80 2143 12

(a) Spectrum measured on KBr disk using Perkin-Elmer U457

spectrophotometer.
(b) Intensities relative to band at 2829 cm™! = 100 units.
Table II.Z21
(-N(MG)NHCHz—)é - Compound I ; Mass Spectrum

m/e Intensity(a) m/e Intensity m/e Intensity
12 2 32 18 56 7
13 3 38 3 57 116
14 17 39 6 58 110
15 97 4o 8 59 332
16 31 b1 27 60 2
26 9 - 42 582 71 1000
27 70 43 204 72 55
28 194 by 75 116 113
29 58 L5 48 117 8
30 2u5 L6 33

31 22 55 7

(a) Intensities relative to peak at m/e = 71 = 1000 units
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(b) Reaction of MeNHNH, with CH,Cl, for one day

MeNHNH, (79.89 m.moles) and CH,Cl, (135.99 m.moles)
were condensed into a reaction flask fitted with an in situ
filtration apparatus; the flask was sealed, and reaction
was allowed to take place at room temperature, for one day.
fractionation of products yielded MeNHNH, (43,55 m.moles),
CH3Cl, (116.37 m.moles), and MeNHN=CH, (compound II)
(5.17 m.moles). Cempound 1T was identified by its infrared
(Table II.22) NMR (Table II.25) and mass spectra, (Table II.
23).

Table II.22

MeNHN=CH, compound IT: Infrared spectrum (a)

em™1 Intensity(b) cm'1 Intensity em—1 Intensity
770 43 1240 32 1605 62
8oL 35 1420 28 2900 100
908 83 1460(sh) 48 3080 51
922 81 1480 59 3445 48
1132 96 1495 61

(a) Spectrum measured on gas phase; 10 cm. cell;

NaCl windows using Perkin ElTer 457 Spectrophotometer
Frequency assignments *5 cm™ :

(b)) Intensities relative to band at 2900 em™L = 100 units.
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Table II

MeNHN=CH, (compound I

.23

I); Mass sSpectrum

(a)

m/e Intensity m/e Intensity m/e Intensity
12 1 28 1000 43 86

13 3 29 200 b5 32

14 33 30 126 L6 14

15 104 31 105 56 3

16 2 32 265 57 15

24 2 39 6 58 314

25 9 bo 12 59 18

26 81 41 16

27 187 42 35

(a) Intensities relative

(¢) Reaction of Me,

to peak at m/e = 28 = 1000 units.

NNH, with CH2Cl:

Me:NNH> (10 mls) was
erlenmeyer flask and sto
cible layers were observe
volume during one week wh
flask. The crystals were
Et.,0 and‘remaining traces
vacuum for 20 hours. The

spectra (Table II.25) are

added to CH,Cl, (100 mls) in s 250 ml
ppered. After one day, two immis-
d, the top layer diminished in
i1le white crystals formed in the
filtered off, washed three times in
of solvent were pumped off under
infrared (Table II.24) and NMR

consistent with the formulation
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[Me,N(CH,C1)NH,] ¥ €17 (III). Compound III was insoluble
in CHC1l; and CH,Cl,, but aqueous solutions gave a posative
test for C1™ with AgNO,. The melting point was observed
as 120-121°9C. The product, recrystallized from an ethvl
acetate-methanol mixture showed the same melting point,

infrared and NMR spectra.

Table II.24

[MeQN(CH,Cl)NHJ * C1- (Compound III); Infrared spectrum(a)

cm~1 1(b) em~1 I em—1 I
368 52 1008 51 1472 82
376 (sh) 30 1099 82 1628 73
438 36 1119 65 2130(br) 28
70 59 1149 52 2860 (sh) 85
507 72 ’ 1242 72 2950 (sh) a8
735 20 1307 b1 3000(br) 100
801 97 1353 69 3070 (sh) 98
888 94 1402 62 3150 97
920 72 1431 67

977 57 1452(sh) 77

(a) Spectrum measured on sample as a KBr disk usine 2
Perkin-Elmer U457 spectrometer.

(b) Intensities relative to peak at 3000 cm~1= 100 units.
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Table IT.25

NMR spectra for products from alkylhydrazine-polyhalomethane

reactions.
Compound Solvent Pattern Chem.(a) Assign-
gplitting shift ment.
(~N(Me)NHCH,-)2 CDC1ls singlet 7.63 N-Me
singlet 6.40 N,cn
N
singlet 6.96 N-H
MeNHN=CH , CH,C1, singlet 7.25 NMe
AB quartet A 3.67
= CHz2
JAB,ll.S cps B 4.07
[MeNH(CH,C1)NH,['c1™ D,0 singlet 6.46 NMe »
singlet © 4,60 N-CH.C1
singlet 5.43 HDO

(a) Chemical shift measured relative to tetramethylsilane

= 10.0 T.
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E. Preparation and Characterization of

(Trifluoromethylphosphino)hydrazines

1. Experimental Procedure

All preparative, separation and purification procedures
were carried out using a vacuum system. After experimenta-
tion with various reaction vessels, the most convenient
apparatus consisted of a 22 mm. pyrex tube sealed at both
ends, and separated into two chambers by a sintered glass
filter (Figure II.1). Side arms from each chamber allowed
access for introduction of reactants and removal of products.
Typically, reactions were executed according to the following
procedure:

a) reactant 1 was condenced into chamber A under vacuum, the
reaction vessel being cooled with ligquid nitrogen;

b) a solvent was condenced into chamber A under the same
conditions;

¢c) the reaction vessel was allowed to warm to room temperature
to effect mixing of the reactant and solvent;

d) the reaction vessel was cooled once more in liquid nitrogen
and reactant 2 was condenced into chamber A;

e) the side arm to chamber A was sealed and the reaction vessel
allowed to warm to room ftemperature to effect the reaction;

f) after a length of time (usually 24 hours) the solution

was filltered by inverting the vessel and allowing liquid
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Reaction Flask for the Preparation
of

(trifluoromethyl) phosphinohydrazines

Reaction chamber

Chamber for receiving liquid
products

B-14 cone to vacuum system
Capillary constriction
Scintered glass filter

Sealed side arm to be opened

for removal of liquid products
via vacuum system

mTmooO WP

F f‘A

V' N\

Figure II.1
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products to pass into chamber Bj;

g) the side arm to chamber B was then opened to the vacuum
system permitting the removal of solvent and products.
Vacuum fractionation of the solvent and condensable products
followed standard procedures across a five trap fraction-
ation system. Composition of materials in the varilous

traps was monitored by gas phase infrared and vapour phase
molecular weight measurements. Choice of solvent for re-
actions depended on solubility considerations, and on the
need for a suitable vapour pressure differential between

gsolvent and products.

2. Preliminary Reactions in the absence of solvent

(a) Reaction of (CF;)aP with HoNNH.#* (14)

Mixtures of (CF3)3P and H:NNH: in the absence of solvent
showed no observable reaction at room temperature, and
heating to 100°C for 36 hours yielded only trace amounts
of CF3H. The addition of trimethylamine increased fluoro-
form production, and a variety of volatile products were
obtained which subsequently condensed within the fraction-
ation line, producing more fluoroform and nonvolatile waxy

deposits.

¥ Reactions involving hydrazine were investigated by
Dr. L.K. Peterson, and are included for comparison
and completeness.
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(b) Reaction of (CF3),PX (X =TI, C1) with H,NNH,

These reactions resembled that of (CF3)3P with
H,NNH, in that trimethylamine was requilred tb initiate
reactlion. Products obtained also condensed durilng handling
to give nonvolatile waxes wlth concurrent evolution of

fluoroform.

(c) Reaction of (CF3)3;P with (CHs)NNH,

(CF3)3P (2.267 m.mole) was condensed into a reaction
vessel, followed by (CH;),NNH, (1.711 m.mole). A reaction
occurred at the melting polnt of the system; with the
formation of a yellow oil and a white solid. After one day
at room temperature, fractions recovered indicated CF;3H,
(CF3)3P and unreacted (CHj3;)NNH, along with a small amount
(=0.15 m.mole, 8.7% yleld) of a white crystalline substance

later found to be (CFj3),PNHN(CH;), (Compound IV).

(d) Reactlon of (CFs3)2PI with (CHs)2NNH2

(CF3)2PI and (CHs;),NNH, reacted in the absence of
solvent to give a white precipitate in a pink solution.
After several days, fractlonation ylelded most of the
(CF3),PI, together with products which condensed within the
fractionation line to white waxy deposits. A small fraction
in barely sufficient quantity for a gas phase infrared
spectrum, showed infrared bands equivalent to those for

the compound later found to be (CFi),PNHN(CHj): (Compound 1IV).
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3. Reactlons 1n the pregence of solvent

(a) (1) Reaction of (CF3)2PX with Me,NNH,

in diethyl ether

(CF3)2PI (6.368 m.moles) and diethyl ether
(3.8672 g.) were condensed into a reaction vessel and
allowed to mix at room temperature. Followlng the recooling
of the (CF3),PI - ether solution in liquid nitrogén, Me 2NNH,
(16.105 m.moleS)was condensed into the vessel; the vesgsel
was sealed, and allowed to warm to room temperature. A
reaction occurred on melting to form a white preclpitate.
After 60 hours, fractlionatlon yielded ether (3.8600 g.),
unreacted Me,NNH, (4.830 m.moles),M&,NNH,.HI (6.313 m.moles),
and (CF,),PNHNMe, , (compound IV), (6.000 m.moles; 94% yield.
Reactions using (CF3),PCl similarly gave compound IV 1n high
yields ( 95%). Compound IV was identifled by vapour phase
molecular weight (Mobs 231, Mga1, 228), mass spectroscopy

(Table II.28) (Pobs 228, P 228), infrared (Table II.27)

calce
and nuclear magnetic resonance (NMR) spectroscopy, (Tables
IT.46 and II.47). The infrared spectrum, for the compound
from the reaction of (CF3)3P with (CH3):NNH, in the absence
of solvent, was 1ldentical to that obtained for compound IV

from solution reactions of (CF3),PX and (CHj)NNH,
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(11) Reaction of (CF3),PNHN(CH;), with anhydrous HC1

Reaction between (CF3),PNHN(CH,;), (0.778 m.moles)
and an excess of HCl (2.323 m.moles) in a sealed pyrex re-
action tube yielded (CHs)2NNH,6HC1 (obs. 0.843 m.moles;
cale. 0.778 m.moles) HCLl gas (obs. 0.667 m.moles; calc.
0.767 m.moles) and (CF3)2PCl (obs. 0.757 m.moles ; calc.

0.778 m.moles) calculated on the basis of equation (2-8).

(CF3)2PNHN(CH3)2, + 2HC1 > (CHj3),NNH,.HC1 + (CF3),PC1 (2-8).

The yield of (CF3)2PCl was essentially quantitative; the
minor discrepancies in the quantities of HC1 and (CHj),NNH,
HCl were probably due to the formation of some (CHj),NNH,
2HC1 . Infrared spectra of the dimethylhydrazine hydro-
chloride salt from the reaction, and that prepared in-
dependently by reaction between the alkyl hydrazine and HC1
gas, were identical.

(111) Reaction of Me,NNH, with an excess of (CF3),PCl

(CF3)2PCl (12.707 m.moles) wés allowed to react with
Me,NNH, (16.795 m.moles) in diethyl ether (4.9980 g.) as
previously noted. The mixture was kept at room temperature
for one week. The reaction stoichiometry found 1is noted in

equation (2-9).
(CF3),2PC1l + 2Me,NNH, > (CF3),PNHNMe, + Me,NNH,.HC1 (2-9)

There was no evidence of the bis(phosphino) derivative

[(cFs)2P] 2NNMe,
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Products found were (CHs)2NNH,.HC1 (obs = 8.321
m.moles; calc. = 8.398 m.moles), (CF3).PNHN(CH;), (obs =
8.300 m.moles; calc. = 8.398 m.moles), and an "ether
fraction (diethyl ether plus unreacted (CF3),PCl ; obs =
5.88U6 g.; calc. = 5.8996 g. )(calculated values based on
eqn. (2-9) ). The presence of (CF3),PCl in the ether
fraction was confirmed by infrared measurements, and the
exlsteence of (CF3),PNHN(CH;), as sole phosphinohydrazine
product‘was noted from infrared, NMR, and mass spectral
measurements.

(1v) Physical data for (CFj;),PNHNMe,

(CF3),PNHNMe, was observed as a clear white solid
melting at 40.15% O.lSOC as determined on samples sealed
in glass caplllaries under vacuum. Saturated vapour pressures
of solid-vapour and liquid-vapour equilibria were measured
with a mercury tensimeter. Compound IV was stable to at
least 120°C as shown by reproducible vapour pressures.
Representative vapour pressure data are shown in Table II.26.
The bolling point, extrapolated from the liquid-vapour
equilibrium curve, 1s 11200. The latent heat of vaporization
at the bolling poilnt is 8570 cal. mole—l. The latent heat
of fusion at the melting point is 5940 cal. mole—1 and the
latent heat of sublimation at the melting point 1is 15,500
cal. molé-l. The Trouton constant was found to be 22.2

cal. deg—l.
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Table II.26

Saturated vapour pressure data for (CF,;),PNHN(CH,;),

(a) Solid

TOC Pmm obs. Pmm calc. TO¢ Pmm obs. Pmm calc.
20.6 9.90 9.51 31.6 24,1 24.8
22.6 11.8 11.4 34,2 30.2 30.8
25.8 15.4 15. 36.2 36.3 36.3
29.1 20.2 20. 39.4 46.8 47.0
Log Pmm = 12.51 - 3388/T

(b) Liquid

TOC Pmm obs. Pmm calc. 7°¢C Pmm obs. Pmm calc.
41,1 52.1 52.0 79.8 267 266
50.6 81.5 81.1 89.6 377 376
60.6 125.7 125.5 100.1 536 531
73.4 208.6 209.7 111.9 Th9 755

Log Pmm = 6.6638 - 0.005465T + 1.75T - 2389/T
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Table II.27

Infrared spectrum

(a)

compound IV

em™ 1 Intengb) em~1 Inten- em™t Inten- em™ % Inten-
sity sity gsity sity

423 26 902 24 1285 9 2790 33

yy7 21 1019 12 1386 12 2835 30

476 sh 1069 sh - 1455 19 2865 20

491 21 1109 80 1460 20 2912 11

541 11 1151 sh . 1470 22 2939 8
99

562 18 1155 100 2250 4 2975 32

739 2 1160 sh 2272 4 3008 27
98

T4y 2 1167 2295 3 3300 15
98

798 2 1206 93 2310 2 3422 5

(a) Measured in the gas phase (10 cm. cell, KBr windows)

using a Beckmann I.R.12 spectrophotometer.
(b) 1Intensities reported relative to the band at

1155 em

1

= 100 units.

sh =

shoulder.
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Table I1.28

(CF,),PNHNMe, ; Mass spectrum(a)

m/e I(b) m/e I m/e I

14 17 43 100 69 100
15 113 by 200 81 7
16 30 45 9 84 8
18 Lo hé 80 89 4n
28 45 50 16 94 6
29 35 51 9 100 10
30 112 56 9 107 6
31 24 57 8 109 12
32 6 58 7 159 45
4o 9 59 1000 228 60
41 18 60 45 229 6
42 120 66 12

(a) Peaks with relative intensities less than 5 are
not included.

(b) I = Relative intensity.
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(b) (i) Reaction of (CF3)2PI with Me,NNHMe

in diethyl ether

Me,NNHMe (12.404 m.moles), and diethyl ether (1.4100 g.)
were condensed into a reaction vessel, and allowed to mix
at room temperature. Following the recooling of the hydra-
zine-ether solution, (CF3).PI, (4.077 m.moles) was condensed
into the vessel; the vessel was sealed and allowed to warm
to room temperature. A reaction occurred on melting to
form a white precipitate. After twelve hours, fractionation
yielded an "ether fraction" (diethyl ether plus unreacted
Me ,NNHMe, 1.5671 g.), excess Me,NNHMe (3.013 m.moles),
Me ,NNHMe .HI (3.983 m.moles) and (CFj;),PNMeNMe (compound V;
3.414 m.moles,(83%). In addition, (CF3)2PNHNM% (compound
IV;® 0.45 m.moles 11%) was observed as a minor product.
Compound V was identified by its vapour phase molecular

weight (MObs 240.8, M 242) mass spectrum (PObS 2u2,

calc

Pcalc 242; Table II.31) infrared (Table II.30), and NMR

(Table II.U6 and II.U7) spectra.

(11) Reaction of (CF3),PN(CH;)N(CH3), with

anhydrous HC1

A mixture of (CF;),PN(CH3;)N(CH3), (0.28 m.moles)
and HC1 (1.02 m.moles) in chlorobenzene reacted ylelding
(CF3),PC1 (0.27 m.moles)v(Mobs = 202; Miale = 204.5) and
(CH3),NNH(CH3).2HC] (0.28 m.moles), according to equation

(2-10).
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(CFa)zPN(CHa)N(CHa)z + 3HC1 > (CFa)zPCl +

(CH3) 2NNH(CH3) . 2HC1 (2-10)

(111) Physical data for (CF3),PN(CH3)N(CH3),

Compound V was observed as a clear white liquid at
room temperature, melting at -47.00 + 0.2OOC, as determined
on samples sealed in glass capillary tubes. Saturated
vapour pressures for the liquid-vapour equilibrium were
measured with a mercury tensimeter. The extrapolated
boiling point, obtained using the equilibrium vapour
pressure curve, 1s 130.500. The latent heat of vapour-
ization at the boiling point is 8200 cal. mole_l.
Representative vapour pressure data are shown in Table IT.29.
The Trouton constant was found to be 20.3 cal deg_1

(c) (1) Reaction of (CF3)2PI with MeNHNH
in diethyl ether

(CF3) 2PT (4.040 m.moles), MeNHNH, (9.891 m.moles),
and diethyl ether (5.1805 g.) were condensed into a
reaction vessel as previously described. A reaction occurred
on melting forming a white precipitate. After one hour at
room temperature, fractionation yielded an "ether fraction"
(diethyl ether plus unreacted MeNHNH,, 5.2396 g.),
MeNHNH, .HI (4.480 m.moles) and a mixture of two 1somers,
(CF,) ,PNMeNH, (compound VI), and (CF,) ,PNHNHMe (compound

VII), (Total 3677 m.moles, 91%). The isomers were
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Table II.29

Saturated vapour pressure data for liquild

(CF3),PN(CH3)N(CH3)»

7°C Pmm obs Pmm calc 7% Pmm obs Pmm Calc
26.6 15.4 14.8 63.0 83.7 83.8
29.7 17.8 17.4 69.2 108 108
38.8 27.9 27.9 76.5 144 143
47.0 41.6 1.4 81.2 170 170
54,5 58.3 58.3 91.4 247 242
Log Pmm = 6.7566 - 0.005896 T + 1.75 log T - 2245/T
Table II.30
(CF3)2PN(CHs)N(CHs),; Infrared Spectrum (&)
em™  1nten?) em? Inten_ cm~1  Inten- em™!  Inten-
sity gsity sity sity
422 8 658 7 1153 100 2788 14
L9 13 738 2 1198 70 2825 15
4T3 o3 848 20 1222 sn 2853 13
4brs 23 868 8 1280 sh, 2875 Shr.
540 y 1000 7 1456 12 2912 11
560 8 1020 7 2244 b 2960 25
563 8 1109 68 2300 2 2995 16
(a) Spectrum measured on the gas phase (10 cm.cell, KBr
windows), using a Beckman I.R. 12 infrared spectro-
photometer.
(b) Intensities measured relative to peak at 1153 cm—1

100 units.
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Table I1I.31

(CF3),PNMeNMe,; Mass spectrum

m/e I m/e I m/e I

14 18 45 25 78 30
15 228 u6 100 80 42
16 12 b7 23 81 9
17 6 49 15 32 5
18 65 50 19 84 78
20 5 51 16 86 50
27 18 57 20 88 10
28 135 58 30 89 20
29 14 59 250 94 40
30 105 60 190 100 15
31 40 61 11 107 5
32 70 62 5 108 5
33 15 65 5 119 15
35 6 66 5 123 18
40 9 69 132 130 20
n1 17 o 23 159 9
42 265 72 23 173 25
43 265 73 1000 228 9
4y 300 7 45 2u42 25
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subsequently separated by repeated vacuum fractionation
into roughly equivalent molar proportions (compound VI:
compound VII = 1.09) and identified by their vapour

phase molecular weights (MObs 215-219, M 214) mass

calc
spectra (PObs 214, Plale 214; Table II.34 and II.35)

and infrared (Table II.32 and II.33) and NMR spectra
(Table II.46 and II.47). The infrared and NMR measure-
ments facilitated dlscrimination between the two isomers.
Whereas compound VII could be obtained in pure form,

compound VI could not be freed of all traces of its

isomer.

(11) Physical data for (CFj3),PNMeNH, and

(CF3) ,PNHNHMe

Table IT.32
(CF3),PNMeNH, : Infrared Spectrum (a)

em~l  Inten{?) om™l  Inten- em™! Inten- cemt Inten-

sity gity sity s8ity
687 24 1111 82 1470 4 2921 13
835 21 1148 100 1480 4 2948(sh)
852 23 1195 86 1605 4 2995(sh)
868 24 1280 7 2250 2 3410 2
1010 29 1425 2825 7
1035 1442 5 2880 (sh)

(a) Spectrum measured on gas phase; 10 cm.cell, NaCl
windows, using Perkin-Elmer 457 spectrophotometer.

1

(b) Intensities relative to band at 1148 ecm -~ = 100 units
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Table TIT.33

Infrared Spectrum (a)

em™ T I(b) cm~ ! I em™t I em™ 1 I
740 9 1204 84 1485(sh) 3 2924 (sh) 10
810 17 1270(sh) 3 2250 1 2970 13
978 11 1375 3 2810 8 3008(sh) 9

1110 71 1440 (sh) 2 2865 13 3340 5

1158 100 1450 7 2880(sh) 10 3428 it

(a) Spectrum measured on gas phase; 10 cm cell, NaCl

windows, using Perkin-Elmer LU57 spectrophotometer.

(b) I = Intensity; measured relative to band at 1158 cm™

= 100 units.
Table II.34
(CF, ), PNMeNH, Mass Spectrum

m/e I m/e I m/e I m/e I

18 10 59 10 83 5 119 25

27 5 60 25 81 8 124 10

28 90 62 10 85 5 125 20

29 4o 65 5 86 5 126 5

30 150 66 180 88 5 142 5

31 20 68 5 93 55 143 25

32 5 69 530 94 10 145 365

41 5 70 5 95 470 146 10

42 10 71 5 96 25 163 10

43 80 73 8 97 8 168 5

uy 35 75 135 100 60 169 5

45 1000 76 10 101 5 170 10

b6 260 78 20 104 5 171 5

b7 15 79 5 113 50 184 5

48 5 80 35 114 10 213 10

50 4o 81 35 115 5 214 180

51 20 82 10 116 30 215 8

1
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Table II.35

(CF,;),PNHNHMe; Mass spectrum

m/e I m/e I m/e I

14 12 46 60 78 30
15 67 by 12 79 5
16 32 L8 7 80 11
17 18 50 32 81 19
18 63 51 19 82 5
19 5 55 12 - 83 11
20 7 56 9 84 19
26 8 57 9 93 5
27 42 58 7 95 232
28 20 59 61 96 7
29 128 60 118 98 5
30 226 61 26 100 19
31 200 62 9 101 28
32 12 65 5 103 18
33 14 66 179 145 153
35 5 69 205 146 5
39 8 70 5 168 7
41 21 71 5 169 5
42 29 73 58 213 5
43 111 74 34 214 84
by 58 75 18 215 5

45 1000 76 9
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(d)(1) Reaction of CF3PI.with Me,NNH,
in Chlorobenzene

In ether, cyclohexane, or tetrachloroethylene,
CF3PI, reacted with Me,NNH, to form unidentifiable products,
ranging from white waxes to highly colored oils and solids.
However, a reaction between CF3PI, (1.592 m.moles) and
Me,NNH, (16.135 m.moles) in chlorobenzene (2.8921 g) yielded
a white precipitate and a pale yellow solution, which be-
came colorless after twelve hours. Fractionation gave a
"echlorobenzene fraction" (CgHsCl plus unreacted Me,;NNH,,
(3.3730 g), CF3P(NHNMe,), (compound VIII), and a non volatile
8011d (0.7973 g ) (Me,NNH,.HI plus polymeric materials).

Compound VIII was identified by its mass spectrum (Pob 218,

3

P 218, Table II.38), infrared (Table II.37), and NMR

calc
spectra (Tables II.U6 and II.U7).

(11) Physical Data for CF3;P(NHNMe:):

Compound VIII was isolated as a clear white solid
melting at 49.20 +0.20°C as determined on samples sealed
into capillary tubes. Vapour pressure measurements, assessed
with a mercury tensimeter, indicated decomposition at temp-
eratures over IOOOC,requiring these measurements to be taken
on fresh samples in the minimum time to reach equilibrium.
Vapour pressure data are shown 1in Table IT.36. The extra-
polated boiling point 1is 184°C and the latent heat of

vapourization at the boiling point 1s 12700 cal mole—l
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Table II.36

Saturated Vapour Pressure Data for liguid
CFaP(NHN(CHs)z)2

T°C Pmm.obs Pmm.calc T°C  Pmm.obs Pmm.calc
hg.h 1.70 1.75 93.2 21.4 21.4
63.1 4,10 k.13 115.0 56. 4 59.2
72.5 7.00 7.11 134.0 128 130
86.6 15.3 15.3 151.0 248 249

Log Pmm. = 5.9707-0.002678 T + 1.75 log T -2985/T
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Table II. 3

7

Infrared Spectrum (a)

em™ 1 Intenib) em™Y  Inten- cm™*  Inten- cm” Inten-
sity sity sity sity
412 54 1106 88 1380 b. 14 2965 62
504 36 1115 87 1455 51 2997 42
51 3196 12
560 50 1159 87 1467
889 77 1174(sh) 90 2781 62 3296 14
973 77 1185 100 2826 56
1013 50 1218 28 2863 50
1051 35 1231 31 2902 35
(a) Spectrum measured on mulls iIn nujJol and halo
0il, and on the pure so0lid between KBr plates
using Perkin-Elmer U457 spectrophotometer.
(b) Intensities relative to band at 1185 ecm -~ = 100 units,

sh = ghoulder, b. = broad.
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Table ITI.38

CF3P(NHNMe,),; Mass spectrum

m/e T m/e I m/e I

13 6 39 7 6L 5
14 27 40 16 66 12
15 90 41 65 69 b7
16 24 L2 290 71 60
17 50 43 280 72 100
18 200 4y 480 73 300
19 14 45 310 T 175
20 5 46 55 75 65
26 16 b7 6 77 9
27 Ly 50 9 78 10
28 115 51 10 80 7
29 160 57 36 89 50
30 200 58 185 91 16
31 560 59 1000 9Y 16
32 43 60 255 100 5
36 9 61 17 104 50

38 5 63 22 105 38
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m/e I m/e I m/e I

106 18 123 7 175 23
107 20 149 10 176 10
109 16 157 6 190 7
112 11 158 5 218 lo
114 5 159 15 219 5
119 5 173 b5

122 5 174 220

(e)(i) Reaction of CF,PI, with Me,NNHMe

in diethyl ether

Reactlons between CF3PI, and Me,NNHMe in chloro-
benzene gave quantitative yields of Me,NNHMe.HI but
no other products could be 1dentified. 1In diethyl
ether (6.5410 g.) however, CF;PI, (2.18 m.moles)
reacted with Me,NNHMe (10.97 m.moles) yielding an
"ether fraction" (6.5410 g.), MezNNHMe.HIY(H.61 m.moles),
and CF,;P(NMeNMe,), (compound IX) in good yileld.

Compound IX was identified by 1ts mass spectrum (PO 2u6 |

bs

P 246, Table II.U0), infrared (Table II1.39), and

calce
NMR (Tables II.U6 and II.U7) spectra.
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Due to the presence of Me,NNH, as a contaminant
in the Me:NNH(Me) some compound VIII was produced in
the reaction as well. This impurity was easily identified
in the NMR and showed peaks in the mass spectrum. A small
pure sampe of compound IX was obtained in quantities enough
for infrared measurements.

(11) Physical data for CF,P(NMeNMe,),

Table II.39

CF3P(NMeNMe2)»: Infrared spectrum (a)

em™l  Inten!®) om ! Inten- cm™! Inten- em™t Inten-
gity sity sity sity

479 50 887 36 1278 sh. 2820 58

504 53 987 33 1387 sh. 2838 57

556 34 1019 41 1408 sh. 2864 66

637 12 1097 100 1445 sh. 2892 59

667 22 1154 57 1456 59 2949 78

848 63 1177 98 1471 sh. 2982 53

861 83 1235 45 2780 55

(a) Spectrum measured on liquid pressed between KBr

plates using a Perkin-Elmer 457 spectrophotometer.

(b) Intensities relative to band at 1097 em™ ! = 100 units
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Table II.40

CF;P(NMeNMe, ), ;

Mass spectrum

m/e I m/e I m/e I
14 19 50 7 87 7
15 L9 51 8 89 18
16 9 57 32 94 39
18 27 58 25 105 15
27 21 59 741 107 5
28 1000 60 71 108 6
29 50 61 5 109 7
30 188 62 5 112 23
31 87 69 38 114 6
32 411 71 27 118 6
36 7 72 26 123 33
40 26 73 1000 134 6
41 17 74 491 159 11
42 241 75 21 177 5
43 170 76 7 192 10
4y 242 77 12 220 8
45 56 78 13 232 19
46 62 80 21 246 20
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(f)(1) Reaction of CF3;PI, with MeNHNH,in

diethyl ether

A reaction between CF3PI, and MeNHNH, 1n chloro-
benzene occurred near room temperature to yleld a very
small quantity of a white crystalline compound, the
mass spectrum of which showed a peak at m/e = 288.

With diethyl ether as solvent, the reaction proceeded
at a temperature lower than that using chlorobenzene,
but higher than all previous trifluorocalkyl-alkyl-
hydrazine reactions. A further deviation from this
family of reactions was noted as the formation of
small amounts of nitrogen gas as a product. Reactilons
between CF,PCl, and MeNHNH, in diethyl ether gave no
noncondensable products.

A typical reaction was as follows: CF3PI, (2.49
m.moles) was condensed into a MeNHNH, (14.89 m.moles)-
diethyl ethef (5.2446 p.) mixture. On warming, reaction
was observed to give a white solid in a pale yellow
solution. After one hour at room temperature, fraction-
ation indicated the presence of a noncondensable gas,

shown to be N, by its pgas phase molecular welght (M 27.

obs

M 28). Subsequent calibration of the fractionation

calc
line, including attached reaction flask, indicated the
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quantity of molecular nitrogen to be 1.92 * .15
m.moles. Condensable products ylelded an "ether
fraction" (5.3723 g.), a "volatile product mixture"
fraction (0.1064 g.), and a "nonvolatile product
mixture" fraction (1.2321 g.) which remained 1n the
reaction flask. Infrared spectra indicated the first
fraction to be diethyl ether with unreacted MeNHNH,.
By repeated fractionation, the "volatile product
mixture" fraction was separated into two components,
one solid and one liquid at room temperature. The
mass spectra of the two components were very similar,

with identical parent ions (P 288, Tables II.A43

obs
andvII.NH); two isomeric structures of CF3;P(NMeNH),PCFj;,
compounds X and XI, are proposed. The yield of the
combined products was 0.37 m.moles (30%). Total
separation of the two isomers was not achieved, but

NMR measurements (Tables II.L46 and II.47) on nearly

pure solid compound X and on a mixture of compounds

X and XI, permitted discrimination between the two
isomers. Infrared spectra (Tables II.41 and II.H?2)

of small quantities of the pure isomers lend support

to these formulations.

The third, "nonvolatile product" fraction,



105

originally consisted of a white solid and a pale
yellow oil, the so0lid, over a period of a few days,
melting and mixing with the yellow oil. Separation
was effected by their differential solubility in
CDC1l,, the yellow oil dissolving readily. NMR
spectra suggested the white solid (later liquid) to
be MeNHNH, .HI, while the yellow o0il in CDC1l; showed
complicated Hl ang F19 spectra, the latter consisting
of twenty-two lines, some slingle and sharp, and some
broad with unresolved fine structure. This data,
coupled with mass spectral evidence (m/e = 506,

Table II.45), suggests a mixture of higher polymers,
‘resulting from the reaction between the bifunctional
phosphine and the potentially trifunctional hydrazine.

No attempt was made to separate this mixture.
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(11) Physical data for CF,P(NRNE), PCF ,

isomers and (trifluoromethyl)phosghino—

hydrazine polymers

Table ITI.A41

Infrared Spectrum (a)

-

-1 Intens<b) cm-¥ Intens- om + 1Intens- cm 1 Intens-

cm

gsity sity sity gity
ko1 62 813 28 1229 61 2808 13
457 53 1000 61 1392 4o 2913 34
521 55 1100 100 1425 32 2954 30
543 60 1118 90 1441 31 2972 32
582 52 1145 70 1478 36 2995 20
721 72 1179 90 2760 10 3311 52

(a) Spectrum measured on mulls in nujol and halo oil
and on the pure solid between KRr plates, using

Perkin-Elmer U457 spectrophotometer.

(b) Intensities relative to band at 1100 em™t = 100 units.
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Table ITI.42
CF,P(NMeNH),PCF, : Infrared spectrum (a)
cm"1 Intens- cm_1 Intens em™ L Intens cm_l Intens-
sity _ sity sity sity
449 65 809 35 1397 24 2906 46
480 sh . 997 68 1437 34 2949 4o
524 57 1099 100 1479 4o 2988 sh
538 sh . 1159 sh 1600 bd 8 3150 sh
706 55 1177 of 2798 20 3350 bd 35
730 23 1226 60 2860 sh

(a) Spectrum measured on liquid between KBr plates

using Perkin-Elmer U457 spectrophotometer.

(b) Intensities relative to band at 1099 cm—1 = 100 units.
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Table II.43
Me H
\ /
N-—N
N\
CF4P PCF, Mass spectrum
/ ;
N-— N
/ \
Me H
m/e I m/e I m/e I
14 7 61 14 93 9
15 5 2 14 9l 5
16 5 63 6 95 14
28 13 66 9 97 10
32 5 69 28 104 16
37 9 72 5 106 28
38 9 73 26 107 7
39 6 7h 57 110 9
43 20 75 63 111 18
L5 19 76 38 112 1000
L6 e} 77 333 113 79
b7 9 78 34 114 346
b9 17 80 31 115 23
50 69 81 5 120 17
51 79 84 69 121 6
52 6 86 Ly 125 79
59 9 88 9 126 21
60 231 90 10 134 5
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m/e I m/e I m/e I
140 21 218 6 288 159
143 12 219 1000 289 11
145 5 - 220 b7

Table IT.A44

CF3P(NMeNH),PCF; : Mass Spectrum
m/e I m/e I m/e I
13 5 32 34 51 8
14 7 33 7 55 5
15 16 4o 5 56 5
16 10 41 10 57 27
17 11 U2 26 58 33
18 33 43 8l 59 20
27 22 by 55 60 469
28 206 un 367 61 14
29 78 b6 469 62 12
30 80 b 17 66 15

31 151 50 7 69 37
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m/e I m/e T m/e 1
71 7 96 6 126 27
73 5 97 11 127 6
74 6 98 6 130 7
75 4o 100 6 132 5
76 12 104 37 134 9
77 14 105 9 140 37
78 36 106 b9 141 5
79 10 107 33 142 16
80 67 ' 109 5 143 15
81 10 110 12 145 13
82 5 111 16 148 7
83 10 112 5 149 21
84 15 113 15 150 5
85 12 114 10 168 6
86 7 116 5 169 259
90 22 119 5 170 12
91 12 120 18 175 19
92 14 ’ 121 14 219 1000
93 21 107 7 220 50
9l 9 124 14 233 14

95 28 125 139 288 34
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Table II.A45

Mixture of Polymers from the Reaction

of CF,PI, with MeNHNH,: Mass Spectrum

m/e I m/e I m/e I

14 5 45 1000 | 66 167
15 22 46 657 69 196
16 28 47 41 70 6
17 4o 48 15 71 10
18 91 50 - 28 73 12
26 5 51 32 7h 13
28 557 55 10 75 119
29 166 56 9 76 18
30 343 57 32 77 33
31 240 58 4o 78 P
2 62 59 29 79 14
33 14 60 600 80 129
39 5 60.5 5 81 17
40 6 61 35 82 8
41 22 62 23 83 13
42 60 63 10 84 7
43 343 64 6 85 23
by 87 65 19 86 5
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m/e I m/e I m/e I
87 5 110 9 140 55
88 7 111 11 141 9
90 21 113 15 142 6
91 7 114 15 144 11
92 32 115 7 145 49
93 b5 116 8 146 12
94 16 118 6 147 26
95 386 119 16 148 5
96 18 120 23 149 12
97 12 121 56 152 5
98 5 122 7 154 . 17
99 5 124 6 160 9

100 57 125 147 161 7

101 16 126 20 162 - 36

102 8 127 6 163 14

103 5 128 8 164 58

104 21 129 15 165 5

105 7 130 15 169 116

106 by 131 7 170 7

107 8 132 5 175 39

109 5 134 7 185 7
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m/e I m/c I m/e I

186 5 214 12 289 21
188 9 219 500 319 19
189 9 220 26 363 5
190 43 235 6 388 5
201 10 239 9 432 2
204 10 287 8 169 1
205 6 288 41 506 2
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NMR data for (trifluoromethyl)Phosphino-

hydrazines
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Table II.46 continued...

(a) Chemical shifts reported in 1, relative to TMS
as internal standard.

(b) Compounds run at 39°C as CDC1l; solutions, unless
otherwlse noted.

(c) Spectrum measured on chlorobenzene solution.

IV (CF,),PNHNMe,

v (CF3),PNMeNMe,;  Jpyoys 3.6 cps, Jpepncye 0-7 cps.

VI (CF3),PNMeNH,; Jpyoys 8.5 cps.
VII (CF,),PNHNHMe
VIII CFyP(NHNMe,),, Jpyy» 20 cps.

IX CF,P(NMeNMe, ), , Jpnchs 7-0 ePss JpepncH? 0.7 cps.

Me H
\ /
N—N
: /
X F4CP PCFy, Jpyoms 13-0 s, Jpyys, 40.0 cps.
\ /
N—N
/ \
H Me
Me H
\ /
N—N
/ A\
XI F,CP PCFy, Jpnons 14.90 cps, JpNE 43.0 cps.
N/
N—N
/ \
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Table II.47

(Trifluoromethyl)phosphinohydrazines: F19 NMR Spectra(a)

Chemical Shift. p.p.m.

Compound -P(CF,), PCF,
IV . 65.0
J
PCF 84 cps
\' 61.5
JPCF 82 cps
VI 60.6
JPCF 84 cps
VII 63.8
JPCF 80 cps
VIIT 65.4
Jpew 83 cps
IX 62.7
JpcF
92 cps
X 64.8
J
PCF 99.5 cps
XI P(NMe) , P(NH),
66.0 ppm 64.2 ppm
J ‘
PCF 94 cps Ipop 85 cps

(a) Chemical shifts reported in ppm relative to CFCl,
as internal standard.
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F. Borane Adducts of (trifluoromethyl)-

phosphinohydrazines.

1. Experimental Procedure

Reactioﬁs between various phosphinohydrazines
and BX; (X = Me, F, Cl) were performed, both in the
presence and 1In the absence of a solvent. The procedure
for reactions using a solvent was similar to that for
the preparation of the phosphinohydrazines,except that
the reaction veasel consisted of a sealed glass tube.

A solvent and the phosphinohydrazine were cbndensed into

a reaction vessel, allowed to mix at room temperature.and
recooled in 1liquid nitrogen before the addition of borane.
Solutions were allowed to react at room temperature for at
least one hour before the separation of solvent and pro-
ducts was effected by fractionatlion. 1In early experiments,
products were transferred to NMR tubes which were then sealed
under vacuum. Later, modified NMR tubes, fitted with B-7
cones, were used to recelve products; fllled with dry
nitrogen and capped, spectra measured on samples prepared
in this fashion gave satisfactory results.

Reactions between phosphinohydrazines and BX ; in the
absence of solvent were performed at —3300 for one hour,
in the manner of the R?_NNR2 plus'BX3 reactions. Unreacted
specles were removed before vacuum transfer of products

to either vacuum sealed or modified NMR tubes.



118

2. The Formation of Adducts

(a) Reaction of (CF ) PNHNMe with BMeg

in cyclohexane.

(CF,) ,PNHNMe, (0.725 m.moles) was condensed into
a reactlon vessel with cyclohexane (1.2622 g),warmed to
room temperature to allow mixing of the components, and
recooled in 1liquid N, before the addition of BMes (1.421
m.moles). After two hours at room temperature, products
were fractionated ylelding cyclohexane (1.2627 g.) and
BMes; (0.717 m.moles), determining the stolchiometryas in

equation (2-11)
(CFa)zPNHNMGz + BMes *(CF3)2PNHNM€2.BM€3 (2-11)

The adduct, (CFj),PNHNMe,.BMey (compound XI) was ob-
served as a volqtile white solid easlly transferred to
an NMR tube. The NMR data 1s reported in Tables III.6
and IIT.7.

(b) Reaction of (CF;),PNHNMe, with BFj

In cyclohexane

(CF3),PNHNMe, (2.019 m.moles) was condensed into
a reaction tube followed by 2.2926 g. of cyclohexane.
The system was warmed to-room temperature allowing
components to mix, and then recooled 1n 1liquld N:.
BF; (7.043 m.moles) was condensed into the tube and
the system allowed to react at room temperature for

one hour. TFractionation ylelded cyclohexane (2.2915 g),
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BF; (5.021 m.moles), and a white crystalline solid
(m.p. 42°+2°C), (CF,;),PNHNMe,.BF; (1.947 m.moles)
(compound XII) indicating the stoichiometry as in

equation (2-12).
(CF3;),PNHNMe,+ BF3; +(CF3),PNHNMe, .BF, (2-12)

The volatility of the adduct permitted 1its vacuum
transfer to an NMR tube; for NMR data see Tables III.6
and III.7.

(c) Reaction of(CF3),PNHNMe, with BClj,

in chlorobenzene

(CF3),PNHNMe, (0.623 m.moles) was allowed to react
with BCly (1.220 m.moles) in 1.3494 g. of chlorobenzene
in the previously described manner. Fractionation
yielded chlorobenzene (1.3268 g ), BCls (0.593 m.moles)
and a volatile white solid. Reaction stoichiometry is

consistent with simple adduct formation (equation 2-13)

(CF,),PNHNMe,+BC1l; +(CFj3),PNHNMe, .BC1, (2-13).

After one week at room temperature, sealed samples of
CDCl; solutions of the adduct (compound XIII) became dark
brown, and a white solid precipitated. NMR data of the

adduct are found in Tables III.6 and III.T.
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(d) Reaction of CW,P(NHNMe,), with BF_

in chlorobenzene

CF3P(NHNMe, ), (0.369 m.moles) was allowed to
react with BF; (1.228 m.moles) in 1.0867 g. of chloro-
benzene in the previously described manner. Fractlonation
fyielded chlorobenzene (1.0805 g) and BF3; (0.445 m.moles)

determining the stoli*»iometry as in equation (2-14)-
CF3P(NHNM€2)2 + 2BF3 +CF‘3P(NHNM82)2.2BF3 (2—1“)

The adduct, CF3;P(NHNMe,)..2BF3 (compound XXI) possessed

a very low vapour pressure; at least forty;eight hours P
were required for the transfer ofbsufficient material ol
to an NMR tube for spectroscopic analysis. For NMR data |
see Tables III.6 and ITT.7.

(e) Reaction of (CFj3),;PNMeNMe, with BMes

(CF3),PNMeNMe, (0.587 m.moles), followed by BMes
(0.453 m.moles), were condensed into a reaction tube, and
the system allowed to equllibrate at —3300 for one hour.
Products were then allowed to warm to room temperature
and condensed into an NMR tube containing TMS and CFClj;
The H' and F17 NMR spectra (see Tables III.6 and III.7)
indicated that a 1:1 adduct (CF3)2PNMeNMe,.BMes(compound
XIV) had been formed. Peaks arising from uncomplexed
(CF3),PNMeNMe; were also present in the spectrum, con-

sistent with the excess (trifluoromethyl)phosphinohy-

drazine used in the reaction.
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(f) Reaction of (CF.),PNMeNMe, with BF.

in toluene

(CF3),PNMeNMe, (0.40 m.moles) and toluene
(1.4453 g), were condensed into a reaction tube, and
the system warmed to allow mixing. Following re-
cooling in liquid Nz, BF3; (1.50 m.moles), was added,
and the reaction allowed to proceed at room temperature
for one hour. Fractionation yielded BF; (1.03 m.moles)
and toluene (1.4337 g). Quantities of reactants used
suggests the formation of the 1:1 adduct (compound XV) E

as in equatilon (2-15). A sample was condensed into

(CF,),PNMeNMe, + BF, » (CF,),PNMeNMe, .BF, (2-15) .

an NMR tube and sealed. The NMR spectra (Tables III.6
and III.7) were consicstent with the given formulation

of the adduct.

(g) Reaction of (CF,),PNMeNMe, with BCl,

Reactions between (Cﬁg)zPNMeNMez and BCl; gave
nonvolatile products, which could not be transferred
under vacuum. To avoid exposure of the products to
moisture, reactions were carried out in thin walled NMR
tubes. In this variation of the reactlon procedure,
BCl; (0.68 m.moles) was condensed into the bottom of an
NMR tube. (CF;),PNMeNMe, (0.47 m.moles) was then con-

densed into a distinct layer above the BCl; and the system
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allowed to warm slowly to room temperature. At the
melting point of (CF,),PNMeNMe, (-47.0: 2.0°C), BC1,
(v.p, -47.8 = 40 mm. (15)) was observed to bubble into
and through the phosphinohydrazine. Volatile materials
were allowed access to a 200 ml. ballast bulb to prevent
a pressure greater than one atmosphere from developlng
within the system. Gaseous BClj; was repeatedly re-
condensed into the NMR tube until only solid products
remained. Excess BCl; was removed, CFCls; and TMS were
added, and the NMR tube sealed. NMR spectra (Tables
IIT1.6 and III.7) suggested that (CFj3),PNMeNMe,.BClj
(compound XVI)had been formed. After three weeks
products were observed as a dark brown liquid, im-
miscible in CFCls.

(h) Reaction of (CF3;),PNMeNH, with BMejs

(CF3),PNMeNH, (0.485 m.moles) followed by BMes
(0.494 m.moles) were condensed into a reaction tube and
the system held at —3300 for one hour. The product, a
volatile colorless liquid at room temperature, was con-
densed into an NMR tube along with CDCli, TMS and CFCls.
nt and pl? spectra (Tables III.6 and III.7) suggested the
product to be (CF3),PNMeNH,.BMes (compound XVII). NMR
spectra showed the presence of (CFj3).PNHNHMe.BMes; as an

impurity (13%).
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(4) Reaction of (CF,),PNMeNH, with BF,

(CF4),PNMeNH, (0.573 m.moles) and BF; (0.571 m.moles)
were allowed to react at —3300 for one hour. Initially
a colorless liquid, the product crystallized to a white
solid (m.p. = 40°¢). H' and 719 NMR spectra (Tables
IITI.6 and III.7) suggested the product to be (CF3), -

PNMeNH; .BF s (compound XVITI). F1?

spectra indicated the
presence of (CF3),PNHNHMe.BF; (17%).

(j) Reaction of (CF3),PNHNHMe with BMe,

(CF3),PNHNHMe (0.535 m.moles), and BMe; (0.529
m.moles) were allowed to react at -33°¢C for one hour.
The product, a colorless solid at room temperature was
condensed into an NMR tube along with CDCl,, TMS, and
CFCls. HY and F1? spectra (Tables IIT.6 and III.7)
suggested the product to be (CFj3)PNHNHMe.BMej.
(compound XIX).

(k) Reaction of (CFj3),PNHNHMe with BF3

(CF3),PNHNHMe (1.276 m.moles) was allowed to react
with BF; (1.270 m.moles) at -33°C for one hour. The

colorless crystalline product was transferred in vacuo

to an NMR tube along with CDCls, TMS, and CFCl,. H-

19

and F NMR spectra (Tables III.6 and III.7) suggested

the product to be (CF;),PNHNHMe.BF;. (compound XX).

9

Temperature variation of both H1 and F1 gpectra was

observed.
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CHAPTER ITTY

Results and Discussion

A. Borane Adducts of Methylhydrazines

1. Introduction

In the course of studies of the basicities of a
series of alkyl(trifluoromethyl)phosphinohydrazines
towards the Lewis acids BX; (X = Me, F, C1) (Section
III.D), we were led to investigate the basicities of
some alkylhydrazines towards the same Lewis acids. It
was observed that the H1 NMR chemical shifts of the
phosphinohydrazines were influenced by adduct formation;
the effect of adduct formation is to deshield the protons
on the substituted hydrazine. If the deshielding is
caused primarily via an inductive withdrawal of electrons,
‘the effect should be strongest for protons nearest the
site of adduct formation; hence the sité of adduct form-
ation may be inferred by observing the changes in the
chemical shifts of a serles of adducts in which the Lewis
acldity of BXj3 varies. As a test of this hypothesis, to
determine the approximate magnitude of this effect, and
to locate the site of borane addition to unsymmetrically
substituted methylhydrazines, H1 and F19 NMR spectra were
measured on series of methylhydrazine.BX; adducts.

The use of NMR spectroscopy in the study of adduct

formation is well established (1 - 10). The variation
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of the proton chemical shifts of a series of adducts

HD+A (D = donor, A = acceptor) where A varies, will depend
mainly on the variation of the electron density distri-
bution around the proton H, as long as the stereo-
chemistry of the adducts remains constant over the

series. The electron density distribution in turn is
influenced by the acceptor power of A. In this way, the
proton chemical shift data for a series of adducts, HD+BX,,
where D is a common Lewis base, have been used as an
indication of relative Lewis acid strengths for a series

of BXj3 species; thus BI, > BBry > BCl, > BF, v BHy > BMe, !
(1 ~ 8). Results for relative base strengths have been

determined in D-+AH systéms, where D varies and A is a i

Lty
> . . . . B Ll
common Lewis acid. In this case, an increase in the "

basicity of D causes an increase 1n the shieldling at the
proton on A (1). F19 chemical shifts of BF3 adducts have
similarly been correlated with the base strengths of var-
ious donor molecules (1). Systems of the type HDr + HDx/A
(HDr = reference base, HDx = series of unknown bases,

A = common acceptor molecule), have been used to determine
relative Lewls basicity. In the absence of exchange, the
possible species HDr, HDx, HDr+A, and HDx+A are distin-
guishable in the Hl NMR spectra. The relative base
strengths are readily established from the relative con-

centrations of the complexed species, as determined by

integration over the respective gl NMR signals (9, 10).
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The problems encountered in determining the site of
adduet formation in the alkylhydrazine,BX, systems by
similar methods include, (a) the detection by Hl NMR of
the appropriate species (ie: the 1:1 addition compound
RRINNRIIRILL Bxy rather than a 1:2 adduct, or other
products of reaction), and (b) the measurement of con-
sistent values for the gl NMR chemical shifts.

The hydrazines have potential dibasic character, as
is shown towards sterically small reference acids gt (11),
"BH," (12), and BF, (13). Under certain conditions the
1:1 adduct H,NNH,.BF,; can be isolated (13). 1In the case
of unsymmetrically substituted methylhydrazines, the two
nitrogens are expected to show differing basicities, with
the. more highly substituted nitrogen being the more basic
due to the inductive effect of the methyl groups (14).
Thus, quaternization of alkylhydrazines, in the absence of
large steric effects, occurs at the more highly substi-
tuted nitrogen atom (14)., The reaction between diphenyl-
phosphoric acid and 1l,l-dimethylhydrazine, ylelds MezN§H3
B(O)P(OCGHS)Z, the mode of quaternization reflecting the
steric influence of the bulky anion (15). Infrared data
for 1,1-dimethylhydrazine hydrochloride, however, are
consistent with the formulation, MezﬁHNH2 c1” (16),
and empirical calculations of the pKa values for the

alkylhydrazines in aqueous Solution are consistent with
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protonation at the more highly substituted nitrogen (17).
The preparation of hydrazineborane addition com-
pounds have generally been undertaken only as a possible
route to hydrazinoboranes; the pyrolysis of HaNNH,.BH,
(p.166 of ref. 18) and H3B.Me,NNH,.BH, (19), give
H, BNHNHBH, and H;B.Me,NNHBH, respectively. Similarly,
trialkylborane adducts of methylhydrazine, 1,l-dimethyl-
hydrazine, and phenylhydrazine are pyrolysed at 150—20000
to give hydrazinoalkylhoranes, hydrogen and alkanes (20).
The 1:1 adduct, Me,NNIl,.BH, has been studied however; the
site of addition has been inferred from Bl NMR data to
be at the more highly alkylated nitrogen (p.217 of ref.21).
. The interaction of BX3 with R2NNRH may either take the ;

form of an elimilnation reaction (eguation 3-1), or

adduct formation (equation 3-2). At room temperature,
BXy + 2R,NNRH »R,NNRBX, + R,NNRH.HX (3-1)
BX3; + R,NNRH > R,NNRH.BX, (3-2)

reaction 3-2 may be favored for the Lewis acids BMe,

and BF3;: the aminolynis of the B-F bond does not readily
occur at room temperature, and only under special con-
ditions can B-fluoroaminoboranes be prepared directly
(22). The alkylboranes react with hydrazine to give
hydrazinoalkylboranes only at elevated temperatures (20).
On the other hand, BCl; reacts readily with H,NNH, (40),

and the hydrazinolysis of the B-Cl bond has been found



129

effective in the preparation of some hydrazinoboranes
(equation 3-3) (p.1l67 of ref.18).

R,BC1 + 2Me,NNH, + R,BNHNMe, + Me,NNH,.HC1 (3-3)

2. Infrared Data

As a check on the formulation of the species under
observation, infrared measurements were made on MeNHNH,,
Me ,NNH, , Me,NNHMe and their BX, (X = Me, F, Cl) adducts
(Tables II.6 to II.17).

The B-N dative bond stretching frequency has been

reported to appear in the 650-800 em™ 1 region. Typical
assigned values for v(N-+B) are H3N.BHj3, 787 cm"l;
Me,N.BHy, 667 cm™+; Me,;N.BF,, 697 cm~t; Me,N.BCl,, 748 .
em—1 (p.59 of ref.23). B-N stretching frequencies for S
the aminoboranes are reported to appear in the 1350-1530
em~2 region, with typical assigned values for MeyBNMe,
and C1,BNMe, at 1525 em™l and 1528 cm™! respectively
(p.71 of ref.24). Associated with reaction 3-1 1s the
production of HX which could be trapped either as a hydra-
zine hydrohalide, or a hydrazinoborane hydrohalide (18).
The infrared spectra of hydrazinium salts show bands in
the 2500 em—?1 region, which have been assigned, by com-
parison with amine salts, as R3;H or RZEHZ amino proton
stretching frequencies (16, 25). Table III.1 lists

those bands found in these three regions for the

hydrazineborane systems investigated in this study.



Table III.1

for the Hydrazineborane Systems

Selected Infrared Stretching Frequency Ranges

801

v N+B " v N-B v R N-H
Compound 650v800 em™ Y 135001530 em~1  2100a2700cm” Y
MeNHNH 2 755, 768, 775 1448,1462,1478 -
MeNHNH:2.BMes 671 1408,1455 -
MeNHNH2 . BF 3 709,755,796 1460 2475,2560,2675
"MeNHNH, .BC13" - 1400,1455,1480 2485
Me 2NNH 2 795,803 1437,1448,1457 )
1475
Me ,NNH, . BMe 5 675,807 1353,1396,1425 -
1445,1462,1475
Me ,NNH, . BF 3 678,760 1390,1436,1468 -
Me,NNH,.BC13j 665 1420 2500
Me ; NNHMe 738,750 1466,1483 -
Me,NNHMe .BMes 669,723 1393,1405,1469 -
1488
Me,NNHMe.BF; 614,672,682 1390,1440,1476 -
769 1510
Me,NNHMe .BCls 660,685,755, 1400,1460 2UY5, 2625
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All the compounds listed have bands in the B-N
dative bond stretching frequency range, except for the
"MeNHNH, .BC1," system. Bands in the B-N o bond stretch-
ing frequency range are found in the free hydrazine as
well as in the complexed species; the assignment of these
bands for the complexed species have not been attempted
since it is difficult to discriminate between bands
arising from a shift in the frequency of a normal mode of
the hydrazine moiety, and bands arising from a B-N dative
or g bond. On the other hand, bands appearing in the
2500 cm'1 range may correspond to the >§—H stretching
frequency of a hydrazinium salt. The complexes showing
such bands incluae all of the BCl, complexes, as well as
MeNHNH, .BF,. Thus, hydrazinolysis of the B-Cl bond may
occur, at least to some extent, with Me,NNH, and Me,NNHMe;
the infrared spectrum of products from the reaction of
MeNHNH, with BCl, suggests that the reaction to give
(methyl)hydrazinoboranes takes precedence over adduct
formation. Thus, for the study by NMR on the site of
borane addition to methylhydrazines, only the Me,NNH, .BX,
and MeZNNHMe.BX3 systems were used.

3. NMR Correlations and the Site of Borane
Addition to Me,NNH, and Me,NNHMe

The proton chemical shift depends on a number of
factors; (a) bulk diamagnetic susceptibility effects,
(b) neighbour anisotropic shielding, (c¢) intramolecular

electric field effects, (d) intermolecular interactions,
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and (e) the diamagnetic shielding caused by the electron
cloud about the nucleus (p.666 of ref.31). Tetramethyl-
silane and CPFCls were used as internal reference com-
pounds to avoid the necessity for bulk diamagnetic
susceptibility corrections. Neighbour anisotropic
shielding, which may arise from neighbouring double bonds,
and intramolecular electric field effects, which arise

if the molecule under observation has a permanent dipole
moment, have been assumed to be constant within each
series of adducts studied.

The major intermolecular interactions, other than
chemical reaction, which may influence the chemical shift
are solvent-solute, and solute-solute interactions. Both
give rise to solvent, concentration and temperature effects.
Chemical exchange effects also influence the chemical
shift; 1f exchange is very fast, cthe observed chemical
shift will be at a weiphted average of the chemical shifts
for the complexed and uncomplexed species.

Differential effects on.the chemical shifts from
solvent , concentration, and temperature effects were ninim-
ized, by observing the spectra of each series of adducts,
in the same solvent, at the same concentration, and at a
temperature at which rio exchange was observed to occur.
The possible modes of chemical exchange in the hydrazine-
borane systems are represented in Figure III.1, using

Me2NNH; .BX3 as an example.
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Figure I1I1.1 Chemical Exchange in Hydrazineborane Systems

12 34 1 12 34
MeZIlINHZ + Me,NNH, === Me,NNH, + Me,NNH,
Y
BX ; BY 4
1 12 34
= Me,NNH, + MeZNTHZ
BX,
111 12 Iy
== Me ,NNH, + Me,NNH,
}
BX,
12 34 LV Ihz 34
Me,NNH, + Me,NNH, === Me,NNH, + Me,NNH,
¥ ¢
BX, o » BX,

To observe whether or not chemical exchange

was

occurring in the Me,NNI, .BX; and Me,NNHMe.BX, systems,

spectra were measured on the adducts dissolved in a =ol-

ution of solvent and excess alkylhydrazine. For

{Me,NNHMe .BX;3; plus Me,NNHMel}system at +10°C, the

the

spectra

for X=Me, F, and Cl, showed peaks corresponding to both

complexed and uncomplexed species. For the {Me,NNH,.BX,

plus Me,NNH,} system at +10°C (X = Me), one peak
served for NMe, and one for NH, indicating rapid

At ~45°C nowever, two NMe, signals were observed

ponding to the complexcd and uncomplexed specles.

coalescence temperature was observed to be -25°C

was ob-

exchange.

corres-
The

indicating

an exchange rate (26) faster than 25 sec™1l at room temp-



erature. The BFjand BClj; complexes of Me,NNH,
showed no exchange at +35°C. For comparison of
chemical shifts, spectra were run at —MSOC, except
for Me,NNH,.BCl; which, belng insoluble in either
CDC1s or CH2Cl2, was run in DMSO (d°) at +35°C.

All other factors i1nfluencling the chemlcal shifts
belng small, or at least fairly constant within each
hydrazineborane 3ystem, the chemical shift changes within
each serles can be said to be a qualitative measure of
the changes 1n the electron cloud density at the protons
on the hydrazine, as Influenced by the changes 1n the
relative acceptor powers of the BXs3 molecules. The
relative acceptor powers of BXj; may be assumed to be in
the same ratio as the standard heats of formation of 4
their adducts; thus AHf (py.BMes) = -21.4 Kcal/mole;

AHf (py.BF3) = -32.9 Kcal/mole; and AHf (py.BClj;) = -46.0
Kcal/mole; py = pyridine (27, p.110). Hence relative acid
strengths are in the ratio BMe,:BF;:BCls; = 1:1.54:2.15.

A plot of the NMe and NH chemical shifts against relative
acld strengths of BXs3 should give a stralight line. Miller
and Onyszchuck found a direct correlation between the heats
of formation of MeCN.BXj3; (X=F, Cl1l, Br), and the MeCN Hl
chemical shifts (7). The chemical shift trends of the NMe
and NH protons for the BXj3; adducts of Me,NNH, and MeNNilMe,
glven 1in Table II.3 , are shown graphically in Figures

I1II.2 and III.3. Chemical shift data for the amine serles
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;,1

MenNH .BX3 (n=0-3; x=Me, F, Cl) were obtained from

(3-n)
the literature (1) (Table III.3 ), and are included on
Figures III.2 and III.3 for comparison.

To distinguish the more basic of the two nitrogen
atoms, the expected sensitivity order is, adjacent pro-
tons > protons remote by one bond > protons remote by
two bonds. The alopes for the curves, being qualitative
measures of sensitivity toward deshielding effects, are
collected in Table III.2. The slope value (arbitrary
units, t/relative acid strength x 102) for adjacent N-H

protons in N-H, is in the range 185-225; for H-C-N, the

¥
gXa BXs
range 1s 35-45; for H-C-N-N, the much smaller value, 15
¥
BXs

is indicated. Comparison of N-C-H and N-N-H systems
indicate that the deshielding effect is about the same
in each case. Thus, for trimethylhydrazine, and for
1,1-dimethylhydrazine,adduct formation occurs at the more

substituted nitrogen atom, as shown in Figure IIT.4.

Figure III.4

Site of adduct formation in Me,NNH,.BXj3(a) and Me,NNHMe.BX, (p)

Me, NNH, Me ; NNHMe
¥ ¥
BX 3 BX4

(a) (b)
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Table IIT -

2

Slope values (arbitrary units, t/relative acid

strength, x 10, from Figures III-2 and III-3
Me sN- MeN N-H
Me , NNHMe 43 15 46
Me 2NNH, 38 - 97
Me 3N 41 - -
Me aNH 35 - 224
MeNH, - 48 186
NH ;3 - - 205
Table IITI - 3
Chemical shift data(®) ror Me NH(5_ .BX s
adducts
NMe NH
Me ;N.BMe; 7.64 - :
Me ;N.BF 7.42 - :
Me ,NH.BMe, 7.73 6.4
MezNH.BFa 7.5“ 5.2
MeNHz.BMeg 7.8 6.6
MeNHz.BFa 7.5“ 5.6
NHa.BMea - 6.8
NH;.BF; - 5.7

(a) Compiled, relative to tetramethylsilane with

T = 10.0, from the report of C.W. Heitsch (1).
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i, Reactions of MeNHNH, and Me,NNMe, with BX,

The data for compounds obtained from reactions of
MeNHNH, and Me,NNMe, with BX,, are not consistent with
simple adduct formation throughout the series X = Me, F,.
Cl. MezNNMe2 does not form an adduct with BMe, at room
temperature. Equimolar amounts of BMe; and Me,NNMe,
were allowed to react at —33OC for one hour, after which
time fractionation at room temperature yielded the starting
materials. Whereas Me,NNMe, reacts with B,Hg to give
Me,NNMe, .2BH,, and with MeI to give MezNKIMe3 I, at -16°C,
Me,NNMe, .BMe, is completely dissociated (28); molecular
models of the adduct indicate large steric interactions
to be present. With BCl, the reaction is quite exo-
thermic, giving a yellow, highly viscous oil, showing a

1

single H™ NMR absorption band (7.18 t). With BF3;, an

unstable adduct, a colorless liquid at room temperature,

1 NMR spectrum consists of a single

is formed. The H
band, (7.62 1), while the F19 NMR spectrum is a 1:1:1:1
quartet (8 midpoint 151.1 ppm; Jgp, 15.8 cps). Absorp-
tion bands due to decomposition products appear rapidly
however; a 1:1:1:1 quartet (149.2 ppm; Jgp, 1.2 cps)

is indicative of BF7 (8 midpoint 149.8 ppm; Jgp, 1.10 cps)
(29). A third broad and unresolved peak (147.3 ppm) may

correspond to a R,NBF, system. When equimolar amounts of

MeNHNH, and BMe, are allowed to react, the 1:1 adduct
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MeNHNH, .BMe, 1s obtained. The infrared spectrum (Table
II.7) and the H1 NMR spectrum (Figure III.5, spectra (b)
and (d); NH, 6.03 t; NMe, 7.41 t; BMe,, 10.35 1)are con-
sistent with adduct formation (cf. uncomplexed BMe,, 9.23 7
(100)). At -40°C (Spectrum (c), Figure ITI.5), the NMe

and NH peaks are split into doublets; the ratio of

NMe:NH = 3:2 (coalescence temperature n~ -35°C). Splitting
of this nature may arise from conformational isomers,
arising from restricted rotation about the N-N bond, or
from separate signals resulting from an equimolar mixture

of two isomers (a) and (b). The integrated ratios of the

MeNHNH, MeNHNH,
(a) ¢ (b) ¢
BMe 3 BMe 5

NMe and NH signals, however, suggest that in this case,

the splitting may arise from spin-spin coupling to the
MeN-H amino proton (JHNNH’ 4,5 cps; JHONH * 5.8 cps). The
general case of monosubstituted hydrazines give Hl NMR
spectra, 1n which the NH, and RNH amino protons appear as

a single sharp line (30), indicating that rapid exchange is
occurring. If exchange becomes slow, spln-spin coupling
may be observed (p.544 of ref. 31). The MeNH amino pro-

ton was not observed, presumably because the theoretical

12 line spectrum (Figure III.6) is lost in the background
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Figure III.5 H™ NMR Spectra for MeNHNH,.BMej;
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Figure III.5
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due to quadripolar relaxation of the nitrogen to which
the proton is atfached.

When excess MeNHNIH, is added to a solution of
MeNHNH, .BMe ;, the H! NMR signals for the complexed and
uncomplexed species are indistinguishable (spectrum (e),
Figure III.5). Thus, rapid intermolecular exchange of
BMe; is indicated. At.—MOOC (spectrum (f), Figure III.5)
the signals corresponding to NMe (complexed) and NMe (un-
complexed) are resolved, while the signal corresbonding
to the amino protons i present as a single line. Inter-
molecular exchange between the NH, protons of Me B.MeNHNH, ,
and all three amino protons of MeNHNH, is indicated. This
tends to support the conclusion that the splitting arises
from spin-spin coupling, rather than from the presence of
equimolar quantities of isomers (a) and (b); if the NH,
protons of isomer (b) are exchangeable, then the MeNH
amino proton of isomer (a) should also be exchangeable.
The integrated ratios of the signals in spectrum (f)(Table
I11.5) suggests that the latter exchange does not occur.

An interesting observation is that the NMe (complexed)
signal appears upfield from the NMe (uncomplexed) signal,
suggesting that for MeNHNH,.BMe,, adduct formation causes
shielding rather than deshielding of the NMe protons.

The interaction of BFj; with MeNHNH, gives a white
crystalline solid which is insoluble in CDCl, and CH,C1,.

The infrared spectrum (Table II.8) of the product mixture
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contains bands in the 2500 gm'l range, suggesting a
hydrazinium salt to be present. ul and F19 NMR spectra,
measured on the volatile products, dissolved in DMSO-d¢%,

indicate that two isomers are formed (Figure III.7)

MeNHNH, MeNHNH,
(c) 4 (a) i
BF, BF,

Figure IITI.7 Isomeric Products from the Reaction of

MeNHNH, with BF,

The F19 spectrum consists of three absorptions. A
1:1:1:1 quartet (149.3 ppm, Jpp, 1.0 cps), present in a
small amount, is indicative of BF,. The other two are
assigned as arising from the isomers (c¢) and (d)
(F,B.MeNHNH, ; 150.2 ppm, Jpps 15.5 cps: MeNHNH,.BF,;
149.3 ppm, Jpg, 17.0 cps). The higher field F'  shift for
isomer (c) is in accord with a more basic NMe nitrogen.
The larger Jpp coupling constant for isomer (d) may
reflect steric factors imposed by the symmetry at the nit-
rogen to which the boron is coordinated (cf. Me3N.BF,;
Jgps 13.8 cps: HsN.BF;; Jpp, 13.8 cps: Me,NH.BF,; Jpp, 15.
cps: MeNH,.BF;; Jgp, 15.7 cps (1)). The relative concen-
trations of (c¢) to (d) is approximately 5:1, as suggested
by integration over the respective signals. The Hl NMR

spectrum is consistent with the presence of two isomers

(Pigure IIT1.8). Two signals at 7.33 1t and 7.23 1, in a
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5:1 integrated ratio, correspond to the NMe signals for
isomers (c) and (d) respectively. The signal for the NMe
protons of isomer (c) i observed as a poorly resolved
1:1:1:1 quartet, indicatinglcoupling to the spin 3/2 Hl]
nucleus (JBNCH’ 1.5 epis) (ef. MesN.BT,; TancH? 1.54 cps:
MeNH.BF 35 Jpyneys 1.79 eps: MeNH,.BF,; Jauay,2.05 cps (1)),
The three broad NH signals are assigned on the basis of

their integrated intensities (F,BNHMeNH, ; (NHZ), 6.70 T,

(NH), 1.85 1; MeNHNH,.BF

,> (exchanging NH), 2.62 T1).
Addition of excess MeNHNH, caused tﬁe coalescence of the
NMe signals (7.43 1) and the NH signals (4.88 1) indicatiﬁg
intermolecular exchange at +39°C to be fast. Low temp-~
erature studies were restricted by the nature of the
solvent (DMSO, m.p., 18.45°C (32)).

The reaction between MeNHNH, and BCl, was observed to
occur quite violently below —USOC, leading to the produc-
tion of a white glassy solid, and HCl. The quantity of

BCl,; recovered suggests the reaction stoichiometry as in

equation 3-4. The infrared spectrum of the solid showed
2MeNHNH, + BC1l; - MeNHNHBC1l, + MeNHNH, .HC1 (3-1)

bands in the 2500 cm™1 region, 1indicative of a hydrazinium
salt, and the absence of bands in the N-+B dative bond
region, sugpests that it an adduct is formed, its lifetime

is short. The presencc of excess HC1 suggests reaction
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3-4 to be only one of several possible reactions. Boron
tricﬁloride, reacting at both nitrogens, could gilve rise
to a large number of isomers, some possibilities of
which are shown in Figure III.9, as well as polymeric

materials.

Figure I11.9 Possible Products from MeNHNH, + BCl,

(a) monohydrazinoboranes (b) Dbis(dichloroboron)-
hydrazines

H Me _H
MeNHN\ ,NN
BC1, c1,B \BClz
_Me
H, NN
N\
BC1,
(¢) (bis)hydrazinoboranes (d) (tris)hydrazino-
boranes
H
rd
Me NHN{
/BCl etc. (MeNHNH)aB ete.
MeNHN\
H

Interpreting the KRINNRLILR111l BMe;system as a
D+AH system, the relative order of base strengths is seen
to be, MeNHNH, > Me,NNt, > Me,NNHMe >> Me,NNMe,, in
agreement with Hinman's series (33). If the Flg chenical
shifts for the BF, adducts are interpreted in a similar

fashion, the base sequence suggested, is Me,NNH, > Me,NNHMe
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> MeNHNH, > Me,NNMe,. MeNHNH, has changed position in the
sequence. The MeNHNH,.BF,; system however 1is anomalous,
since it forms two types of adducts, and since the cor-
relation between changes in chemical shifts, and Lewis
acidity should depend on the maintenence of one general
stereochemistry throughout the series, D+AF, the

MeNHNH, .BF3; system may be expected to show deviations from

Hinman's series.



B. Reactions of MeNHNH, and Me,NNH, with
Polyhalomethanes

1. Reaction of MeNHNH, with CC1,

The oxidation of hydrazine by a large variety of
oxldizing agents has received considerable attention
(34),while the oxidation of the methylhydrazines has been
studied less extensively (35, 36). . Carbon tetrachloride
is not commonly regarded as belng a good oxidizing agent,
but 18 observed to oxidize hydrazine (37, 38) to give N,,
NH,, CHCl,; and traces of CH,Cl,. Diimide (HN=NH) has been
postulated as the intermediate 1in a free radical reaction
leading to the production of Né (38) (Equations 3-5 to
3-8). Huyser and Wang (39) suggest that the oxidation of

phenylhydrazine by carbon tetrachloride occurs by a similar

:CC1, + H,NNH, - CHC1, + M NNH (3-5)
HzNﬁH + CCl, = -CCly + H,NNHC1 (3-6)
H,NNHC1 + H,NNH,» H,NNH,.HC1 + HN=NH (3-7)
~ 2HN=NH + N, + H,NNH, (3-8)

mechanism to give CgHg, C¢HsCl, N2, and CgHsNNH,.HC1

according to equations 3-9 to 3-12. Our studies of
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reactions between MeNHNH, and CCl, indicate that a
gimilar reaction scheme 1is followed, giving rise to

CH,, Na, NH,, MeNH, CHCl,, CH,Cl, and MeNHNH,.HCL.
CCls + CgHsNHNH, » CHC1, + CgHsNNH, (3-9)

CeHsNNH, + CCl,» HC1 + C_H_N=NH + .CC1, (3-10)

leHsNHNHZ

¥ Cg¢HsNHNH, .HC1

CeHsN=NH + CCl, » C_H,Cl + CHC1l, + N (3-11)

2

CeHsN=NH + C Hg + N, (3-12)

In varilous experiments, CClh and MeNHNH2 were mixed
to determine the reaction products; although Et ;N was
used as the hydrogen halide acceptor, NMR spectra of the
salts produced suggested them to be an equimolar mixture
of Et3sN.HC1l and MeNHNH,.2HC1l. This is surprising in view
of the difference in the pK values of the free bases in
aqueous solution: pKa Et N, 11.01 (32, p.D117), pKa
MeNHNH,, 7.87 (33). The reaction between CCl, and MeNHNH,
was observed to be surface dependent; mixtures of MeNHNH,
and CCl, 1in clean flasks showed evolution of gas only at
points of imperfection in the glass surface, and the

addition of crushed pyrex glass to the reaction mixture

dramatically increased gas evolution.
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In a preliminary experiment, CC1l, (32.57 m.méles)
and MeNHNH, (29.MMAm.moles) in Et,N (54.95 m.moles) were
allowed to react in a closed system for one week. The
products found were CH, (4.89 m.moles), N, (8.16 m.moles),
NH; (3.16 m.moles), CHCl, (8.0 m.moles), Et ,N.HC1 (3.9
m.moles) and MeNHNH,.2HC1 (3.9 m.moles). CH, and N, were
removed and measured by means of a Sprengel pump; the
molar ratio of CH, to N, was calculated from the observed
mean molecular weight of the gas (Mypg, 23.5) to be 3:5.
This ratio varied for different reactions, but the quantity
of N, always exceeded that of CH,. Mass spectra of the gas
mixture gave peaks at m/e = 16 (m/ecgie= 16) and m/e = 28
(m/esgq1c = 28). NHj; was isolated by vacuum fractionation
and identified by its characteristic infrared spectrum (41)
and its mass spectrum (m/e = 17).

Liquid products, isolated from the reaction gave an
NMR spectrum which indicated the presence of CHCl, (2.6 1)
and Et,N (CH, (triplet), 9.03 t, CHz (quartet), 7.57 T,
JCH3CH2’ 7.2 ¢cps). Gas phase infrared spectra of this
mixture showed bands atfributable to both Ft;N and CHCI1,.

The products of the reaction are consistent with the
mechanism proposed for the oxidation of CgHsNHNH, by CClL,
(equations 3-9 to 3-12), with two exceptions. An identi-

cal mechanism would predict MeCl as a product, while NH,
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would not be expected. The absence of detectable amournt:
of MeCl might be rationalized in terms of the stability
of the intermediate, methyldiimide (MeN=NH), which may
yield CH, and N, almost immediately after its formation.
Alternatively, MeCl may be trapped in the solid phase as
MeNHNH, .MeCl. A scheme representing this sequence of

reactions is presented in equations 3-13 to 3-16.
MeNHNH, + +CCl, > MeNNH, + CHCI, o (3-13)

MeNNH, + CC1, - MeN=NH + HC1 + CC1,

(3-14)
MeNHNH,
L— MeNHNH, .HC1
very fast
MeN=NH > CH, + N, (3-15)
MeN=NH + CCl, —# CH,C1 + CHC1l, + N, (3-16)

In this reaction scequence, if reaction 3-15 is very
fast, the step represented by reaction 3-16 may be insig-
nificant. This sequence however, prédicts the equimolar
production of CH, and N,, contrary to observation.

If the reaction is allowed to proceed for a shorter
period of time, additional intermediates are found. FPro-
ducts noted from a reaction between MeNHNH, and CCl, 1in

Ets;N after two days, were N,, CH,, NH,, MeNH,, CHC1l,,
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CH,C1l,, MeNHNH,.2HC1l, and Et,N.HC1. N,, CH,, NH,, and
MeNH, gave mass spectral peaks at m/e = 28, m/e = 16,

m/e = 17, and h/e = 31 respectively. CH,, NH,;, MeNH,,
CHCl,; and CH,Cl,also showed their characteristic infrared
spectra. Both CHCl,and CH,Cl,appeared in the NMR spectra
of the liquid products (CHC1l,;, 2.09 T3 CH,Cl,, 4.77 1),
and the NMR spectrum of a D,0 solution of the solid pro-
ducts, analysed as an equimolar mixture of Et;N.HC1l and
MeNHNH, .2HC1. From the observation of the additional inter-
mediates, a scheme for the reaction of CCl, with MeNHNH,
can be proposed, including reactions 3-13 to 3-15, and the

additional reactions 3-17 to 3-24.

MeNHNH, + -CCl, > H,CNHNH, + CHCI, (3-17)
H,CNHNH, + CC1, - HC1 + H,C=NNH, + +CC1, (2-18)
lMeNHNHz
MeNHNH, . HC1
H,C=NNH, + 2CCl, - H,CC1, + N, + 2CHCI, (3-19)
2H,C=NNH, == H,C=NN=Cll, + H,NNH, (35) (3-20)
H,C=NN=CH, + MeNHNH, === H,C=NNH, + MeNHN=CH, (3-21)
H,NNH, + -CCl, - HNNH, + CHC1, (3-22)

HI:INH2 + Wolinsky and Schultz mechanism to N, (38) (3-23)

2HNNH, » H,NNHNHNH, > N, + NH, (34) (3-24)
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The operation of reactions 3-15 and 3-19 alone are
enough to explain the higher yleld of N2 with respect to
CHs, reaction 3—19 giving CH2Cl,. NHj3 may arise from the
oxidation of H,NNH, as in reaction 3-24, hydraiine arising
from the disproportionation of formaldehydehydrazone as
in feaction 3-20. These reactions depend on the formation
of formaldehydehydrazone as an intermediate, which could
arise from hydrogen abstraction at the methyl group as 1in
equation (3-17),or by a diazene-hydrazone type of
rearrangement of CH3N=NH,as has been foundvto occur with
diazomethane (42). Methylamine may arise by a reaction
similar to that producing NHs (equation (3-24)) through
the decomposition of 1,4-dimethyltetrazane as in equation

(3-25).
2MeNHNH + MeNHNHNHNHMe -+ 2MeNH, + N, (3-25)

The observed disappearance of CH,Cl,during the reaction
is caused by a secondary reaction in which MeNHN=CH,is pro-
duced, according to equation 3-26, as was observed by our-

selves in separate reactions between MeNHNH, and CH,Cl,
3 MeNHNH, + CH2Cl,+ MeNHNH=CH, + 2MeNHNH,.HC1 (3-26)

MeNH2 produced would lead to the production of MeNH,.HC1,
since 1t has a basicity close to that of Et;i;N (pKa MeNH,,
10.62 (43); pKa EtsN, 11.01 (32, p. D117)), and the salts

produced in the reaction may in fact be a mixture of
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MeNH, .HC1 and Et33N.HC1.

2. Reaction of MeNHNH, with CH,Cl,

Reactions between hydrazine and ethylenedichloride,
give ethylene hydrazine polymers (L44). The mechanism has
been interpreted as a stepwise condensation polymerization
with the elimination of HCl, which is trapped as hydrazine
hydrochloride. Solvolysis of the carbon chlorine bond has
similarly been used to prepare hydrazones (45) (equation

3-27). Formaldehyde methylhydrazone, (MeNHN=CH,), has

1

R.CCl, + 3R%NNH2 z R2C=NNR% + 2R2NNH,.HC1 (3-27)

been prepared by the pyrolysis of the sodium salt of
1,1-dimethyl-2-benzenesulphonylhydrazine in ethwlene
glycol (42) (equation 3-28), and the base catalysed isom-

erization of azomethane (45) (equation 3-29). Miller and

- 4+ D.E.G _
MezNN802C5H5 Na A MeNHN—CH2 (3—28)
MeN=NMe -P28€  MeNHN=CH, (3-29)

Rundle (46), reported a dimeric form of formaldehyde methyl-
hydrazone from the reaction of formaldehyde with methyl-~
hydrazine, and the reaction between CH,Cl, has been

reported to yield the compound formulated as I (47).
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I = 1,4-dimethylhexahydro-s-tetrazine (48, P.147)

Our studies of reactions between (H,Cl,and MeNHNH,
confirm these conclusions and sugpgest that the production
of 1,4-dimethylhexahydro-s-tetrazine is stepwise, in-
volving the consecutive elimlination of HC1 td form
formaldehyde methylhydrazone, which then dimerizes to
give 1,4-dimethylhexahydro-s-tetrazine (Equations

3-30 to 3-32).

' /CH201
2MeNHNHz + CH2Cl, + MeNHN{ + MeNHNH,.HC1 (3-30)
H
,CH,C1
MeNHN + MeNHNH, -~ MeNHN=CH, + MeNHNH,.HC1 (3-31)
H
2?MeNHN=CH, = (~N(Me)NH-CH2-)> (3-32)

Reactions between CH;Clz and MeNHNH. in Et 3N,
allowed to proceed for eighteen days, gave a 49% yield
of (-N(Me)NH-CHz-) (éompound I). Compound I was isolated
as a white crystalline solid, easily sublimed in vacuo
at 58°C, and having a melting point of 118° - 120°C
(11t. = 121° - 123°C (46)). The mass spectrum showed a
parent peak at P=116 (Pcalc = 116) with the most intense

Me
peak appearing at m/e=71, corresponding to a H.C-N -N-CH:
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ion fragment (m/ecalc = 71). This fragment would be
expected to be quite stable as (H,C=N(Me)N=CH,)T Other
intense peaks appeared at m/e = 59, 43, U2, 30, and 28,
having possible assignments of (H2N(Me)N=CH2)+,or
(MeNH=NMe)*t (m/e = 59), (H,C=N=NH)* (m/e = 43), (H,C=N=CH,)"
(m/e = 42), (H,C=NH,)* (m/e = 30), and N,* (m/e = 28)
(Table II.21).

The infrared spectrum of compound I (Table II1.20)
consisted of sharp, well defined bands; two bands at 31272

and 3218 em™ 1

correspond to N-H stretching modes. These
bands could arise from nonequivalent axial and equatorial
hydrogens in a cyclohexane like structure, or from hyvdro-
gen bonded and free speccies. Eight bands in the C-H
stretching region correspond to the six methyl, and four
methylene protons.

The HL NMR spectrum of compound I (Table II.25) in
CDC1l, consisted of threce resonance absorptions in a 3:2:1
integrated ratio, corrcsponding to NMe (7.63 1), CH,
(6.0 1), and NH (6.96 t). The methylene signal was not
split but was significantly broadened (peak width at ‘.
height, 5 cps) as compared to the NMe peak (peak width at
. HA

L height, 1.3 cps). The broadening may arise from :C\

Hp
geminal coupling in a locked system, or from long
range coupling to the NI protons. A study of proton-deu-

terium exchange, using D,0 and a solution of compound I
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in CH3iCN, showed that the NH protons (6.96.) are indeed
exchangeable, at a fast rate on the NMR time scale, since
the NH peak disappears when D20 is present.

If products from the reaction between CH,CI,and Me-
NHNH, are énalysed, allowing a shorter reaction period,
MeNHN=CH, (compound II) can be isolated. A colorless oil,
infrared spectra (Table II.22) of compound II show a
strong band at 1605 cm—l, in the C=N stretching freauency
range (49). This band could also correspond to an N-H
bending mode. Dimerization of compound II causes a
broadening and wéakening of this band. The mass spectrum
of compound II shows a peak at P=58 corresponding to the

parent ion fragment (P 58). The most intense peak

calc’
occurred at m/e=28 corresponding either to N2+ or HZC=N+
(m/e calc=28). Other intense peaks appeared at m/e=32,31
30,29,27 and 15. (See Table II.23).

The NMR spectrum (Table II1.25) of MeNHN=CH, in CH:Cl:
showed an AB quartet (TA, 3.67, TR > k.07, Tan 11.5 cps)
arising from the methylene group, and a singlet (7.25.)

arising from the N-Me proup. The N-H proton was not

observed (Literature: (41) AB quartet Tp» 3.67, T 4.009;

J 11.5 cps; NMe. 7.28¢ , JHCNH, 4 cps; when traces

AB?
of water are present the NMe peak appears as a singlet).
After standing for a few days, compound II became crystalline,

giving the infrared, NMR, and mass spectrum for compound I.
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The ratio of the quantities of CH,Cl, and MeNHNH,
used in the partially completed reaction were found to
be MeNHNH,:CH,Cl, = 2:1; if the reaction was allowed to
proceed for a longer period of time, the ratio MeNHNH,:
CH,Cl, = 3:1 was observed. This suggests that the
reactions are sequential, with the initial production of
MeNHNH(CH,C1), which in turn reacts with another mole of
MeNHNH,, eliminating HC1l, to give compound IT.

A reaction scheme accounting for the observed results

is presented in Figure III1.10.

2MeNHNH, + CH,Cl, > MeNHNH(CH,Cl) + MeNHNH,.HC1

MeNHNH(CH,C1) + MeNHNH, - MeNHN=CH, + MeNHNH,.HC1

Me H
/N'N\
MeNHN=CH, + MeNHN=CH, > H,C( CH,
N-N
H  ‘Me

Figure II1.10 Reaction Scheme for MeNHNH, + Cﬁzél2

3. Reaction of Cil,Cl, with Me,NNH,

While reactions between CH,Cl, and MeNHNH, suggest that
CH,Cl, reacts at both nitrogens, reactions of CH,Cl,with
Me,NNH, give the quaternized 1,l1-dimethyl-l-chloromethyl-
hydrazinium chloride (Compound 1I1), [Me,N(CH,C1)NH,]* Cc1~.
This observation agree:s with results found by Evans et.al.

(25); it was found that reactions between poly-
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methylene dihalides and 1,1-dimethylhydrazine ylelded

polymethylenebis-(1,1-dimethylhydrazine) dihalides,

+ +
Mezl‘\l—(CHz )n—I:IMez . 2HX
H2N NH,
rather than polymeric materials. A second possible

formulation for the product, III a, was rejected on
the basis of infrared and NMR spectral results.

[ Me ,NNH, | +2
' —
CH. 2C1

Me ,NNH,
ITT a
Compound IIT was isolated from the reaction of an excess
of CH,Cl,with Me,NNH, as a white crystalline solid (m.p. =
120-121 decomp.) insoluble in either CHCls; or CH,Cl,.
Aqueous solutions gave a positive test for Cl . NMR
spectra (Table II.25) of D,0 solutions of compound III
showed three singlet resonance absorptions,(NMeo) 6.467!
N-CH,C1 , L4.60T1 ; exchangeable protons, 5.431 (TMS external)
in a 3:1:1 integrated ratio. A formulation of III a for
the compound would be expected to result in an intensity
ratio of 6:1;2 for the NMe,: CH, :NH, protons.
An infrared spectrum of compound III in KBr showed
poorly resolved bands‘ln the N-H and C-H stretching
frequency range, but showed a strong band at 1628 cm“1

suggesting a free -NH, group (25). This indicates that
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quaternization occurs at the most highly substituted
nitrogen atom. A strong band at 801 cm_‘1 suggests the
presence of C-C1l (49) (Table TT.24). Satisfactory mass
spectral data were hot obtained. Samples in the solid
sample reéeiver decompoged quite violently, causing
rapid fluctuations in the pressure within the ionizaticn
chamber. The highest m/e peak was observed at m/e=86,
(m/e, MeZE(CHZCl)NHg = 109, 111). Peaks at m/e=36 and
m/e=38 in a 3:1 intensity ratio, correspond to HC1,
while the highest m/e fragment containing chlorine,

+

appears at m/e = 50, 52, corresponding to CH3Cl or
+
H-N-C1.
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C. (Trifluoromethyl)phosphinohydrazines

1. Introduction

Trifluoromethylhalophosphines, (CF,) PX3_p, (n=1 or ?2)
react with 1,1-dimethylhydrazine, and trimethylhvdrazine
to give the corresponding (trifluoromethyl)phosohino-

hydrazines (equations 3-33 and 3-34). Monomethyvlhydrazine
(CF3)2PX + Z2HNRNMe, - (CFs)ZPNRNMe2 + MeZNNHR.HX (3-33)

CF,PX, + UHNRNMe, > CF,P(NBNMe, ), + 2Me ,NNHR.HX (2-34)

(R = H, Me) (X = T, C1)
reacts with bis(trifluoromethyl)halophosphine, giving a mix-
ture of isomers of bis(trifluoromethyl)phosphinomethyl-
hydrazine (equation 3-35), and with trifluoromethyldihalo—
phosphine, giving a mixture of isomers of cyclodimethyl-
(1,4-bistrifluoromethyl)bishydrazino-1,4-diphosphine
(equation 3-36), plus polymeric materials. In suitable
solvents, reactions 3-33 to 3-35 are nearly aquantitative,
while a combeting condensation polymerization restricts

the yield of products in 3-36.

2(CF,),PX + UMeNHNH, -+ (CF,),PNMeNH, + (CF,),PNHNHMe (3-35)

+ 2MeNHNH, . HX

Me  H Me H
. N=N_ JN=N
CF,PX, + MeNHNH, » CF 1T "TCF, + CF, P PCF, (3-36)
N-N N-N7
Me 3 & Me

+ MeNHNH, .HX + polymer



The reactions between (CF3)nPX3—n and HRlNNRllR111

appear to be soivent dependent; chlorobenzene, as solvent,
is requlred in the reaction of CF3PT, with Me,NNH,, to give
CF3P(NHNMe, ), (equation 3-34). Reactions in the absence of
solvent glve very low yields of the phosphinohydrazines as
products. Thus, in the absence of a solvent, the reaction
between (CF3),PI and Me,NNH, gave very low yields of (CF,),-
PNHNMe,. The cleavage of fluoroform from (CFj3)3P with Me,NNH,
to give (CF3).,PNHNMe, occurred only to a minor extent, in
contrast to the ammonolysis of (CF3)3;P with ammonia, which
gives (CF3),PNH, and CF_H (50). The lower basicitv of Me,-
NNH, relative to NH; (pKa(MeNNH,), 7.21 (17); pKa (NH;3), 9.25
(32, p.D-117)) 1is a possible explanation for the observations.
Hydrazine failed to react with (CF3),PT in the absence of
a solvent: only traces of CF3H were found when mixtures of
H,NNH, with (CF3)3P were heated to 100°C for 36 hours. Re-
actions of hydrazine with (CF3) 3P or_(CFg)zPI in trimethyl-
amine however, gave products which condensed during handling,
yielding fluoroform and involatile residues, for which a var-

iety of polymeric and cross linked structures are possible (51).

|
(-N-N-P-),  (a) (-N-N-P-),  (b)

Thus, 1t appears that hvdrazine, which is slightly more basic
than 1,1-dimethylhydrazine (33) does not possess the necessary
nucleophilic character to cleave CF3H from (CF3;)3P, or HI from

(CF,),PI.
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2. (CF3;),PNHNMe, : Compound IV

The first solution reaction attempted was that between
(CF3),PI and Me,NNH, in diethyl ether, which gives a nearly
quantitative yield of 1,1-dimethyl, 2-bis(trifluoromethyl)--
phosphinohydrazine, (CF;),PNHNMe, (compound TV),according to
equation 3-33. The formation of the bis(phosphino)hydrazine,
((CF3),P),NNMe,, was not observed; reactions carried out
using an excess of (CF3).PX with Me;NNH, gave compound IV
as sole product. Steric factors, and N(pw)-P(drm) bonding
may account for the absence of ((CF3),P),NNMe,. If the
auxiliary Dbonding is strong, the nitrogen atom may be
deactivated as a base (52); then reaction with a second
phosphine through nucleophillc attack by nitrogen, would not
readily occur.

Compound IV was characterized by vapour phase molecular

231: M 228), by mass spect-

weight measurements. (M cale

obs”?

228), and by quantitative cleavage

roscopy(Po S'228; P

b
of the P-N bond with HC1l, according to equation 3-37.

calc

(CF3),PNHNMe,+ 2HC1 —> Me,NNH,.HC1 + (CF3).PCl (3-37)

Significant features of the mass spectrum (Table IT.28)
include the parent peak (P=228), and peaks corresponding to
fragments (CFj;)PNHNMe, (m/e = 150), CF3(m/e = 69),

Me,NNH (m/e = 59), and Me,N (m/e = UU4). High resolution work
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would be necessary to verify these assignments. The

most intense peak occurred at m/e = 59, corresponding to
the hydrazine fragment, MeZNNH+, resulting from the
cleavage of the P~N bond, this being a salient feature of
the mass spectral data for nearly all of the phosphino-
hydrézine compounds synthesized.

The H! NMR spectrum showed a broadened peak and a
sharp peak at 5.95 t and 7.50 t respectively, in a 1:6
integrated ratio, consistent with one amino proton, and
two equivalent methyl groups attached to nitrogen. The
Fl19 spectrum showed a doublet at 65.0 ppm above CFC1,
corresponding to two equnivalent CF,; groups attached to
phosphorus, the splitting arising from coupling with
spin 1/2 P31 nucleus (JFCP’ 84 cps). Invariance of thé
spectra from -50°C to +60°C suggests free rotation about
the P-N bond over this temperature range. A complete
list of the NMR spectral data for all of the phosphino-
hydrazines is presented in Tables II.46 and II.U7.

The infrared spectrum (Table II.27) is consistent
with the proposed formulation, showing bands corresponding
to NH (3300 and.3u22 cm‘l), CH, (2790-3308 em~1) and CF,
(1069—1167 cm_l) stretching modes. The two bands assipgned
to NH deformations could arise from associated and free
species, or as has been suggseted (51), the second band at

3422 em~1 may be a Fermi resonance enhanced overtone of an
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NH bending mode. Seven bands appear in the C-H stretch-
ing region, only six of which can be attributed to two
methyl groups attached to a molecule lacking in symmetry
features. The seventh would exist as an overtone or
combination band.

Although other formulations are possible for compound
IV, with a molecular weight of 228, none would give the
comblined chemical, infrared, NMR, and mass spectral
results found; thus, a possible Arbuzov tvpe of rearrange-
ment to yield a pentavalent, four-coordinate phosphorus
compound 1is precluded on the basis of the Fl9 data, Jmpgop
coupling constants being 1arger for these molecules
( (CF4),P=0; Jpcp, 113.4 cps (53)). Similarly, a dimethyl-
amino group attached to phosphorus would appear 1in the Bl
spectrum as a doublet, arising from P-N-C-H spin-spin
coupling.

3. (CF,),PNMeNMe, : Compound V

1,1,2-trimethyl,2-bis(trifluoromethyl)phosphino-
hydrazine, (CF;),PNMeNMe,, (Compound V), was prepared by
the reaction of (CF,),PX with Me,NNHMe in diethyl ether
according to equation 3-33. Compound V was 1solated in
83% yield from the reaction, together with compound IV
(11%) resulting from a Me,NNH impurity in the trimethyl-
hydrazine. With pure starting materials, even higher

yields of compound V would be expected.
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Compound V showed a vapour phase molecular weight
of 241 (Mygq1e = 2U2) suyrgesting absence of association in
the vapour phase. The mass spectrum (Table TI.31) showed
a parent peak at P = 24> (P, 1, = 242) with prominent
peaks corresponding to the fragments CF,PNMeNMe, (m/e =
173), NMeNMe, (m/e = 73), CF,; (m/e = 69) and Me,N (m/e =
44). The most intense peék appeared at m/e = 73. High
resolution mass spectroscopy would be required to verify
these assignments.

Reaction of compound V with HC1 resulted in cleavage
of the P-N bond with the formation of (CF;),PCl and

. Me,NNHMe.HC1 according to equation 3-38.
(CF,),PNMeNMe, + 3HC1 - (CF,),PCl + Me,NNHMe.HC1  (3-38)

The H! NMR spectrum of compound V consisted of two
resonance absorptions in a 2:1 integrated ratio, corres-
ponding to 6 methyl protons (7.50 1), and 3 methyl protons
(7.13 1). The latter signal, corresponding to the P-N-Me
protons, was a doublet, consistent with spin-spin coupling
to spin 1/2 P31 nucleus (JpncHs 3.6 cps). Fine structure
on this doublet revealed long range F-C-P-N-C-H coupling
(JFCPNCH’ ~0.7 cps), recognizable as two overlapping sep-
tets arising from coupling to two equivalent CFj; groups.
The F19 resonance consisted of the familiar doublet arising
from w19.p31 spin-spin coupling (8§ midpoint, 61.5 ppm;

Jrcps 82 cps).
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The infrared spectrum (Table II.30) is consistent
with the formulation given for compound V, with bands

corresponding to CH,; and CF,; stretching modes.

4, (CF,),PNMeNH, and (CF,),PNHNHMe

Compounds VI and VII

Reactions between (CFE3)PI and MeNHNH, in diethyl
ether give the isomeric products, l-methyl,l-bis(tri-
fluoromethyl)phosphinohydrazine, (CF,),PNMeNH,, Compound
VI, and l-methyl,2-bis(trifluoromethyl)phosphinohydrazine,
(CF,),PNHNHMe, Compound VII, in a combined yield of 917,
according to equation 3-35.

Whereas substitution might be expected to occur
primarily at the methyl nitrogen, similar to the alkyl-
ation of MeNHNH, (14), it was found that (CF,),PI
reacted with near equal preference at both nitrogens,
leading to the isomeric products found. The analogous
reaction with bis(trifluoromethyl)chloroarsine, (CF,;),AsC1,
leads to one isomer only, formed by substitution at the
least alkylated site (54). Reactions of trialkylsilyl-
hydrazine with chlorosilanes give mixtures of 1,1-bis
(trialkylsilyl)hydrazine and 1,2-bis(trialkylsilyl)-
hydrazine, (a) and (b) (55). Jensen (56) reports the

R,S51 R,51 3iR,

(a) “NNH, (b) “NNT
R,S1i7 H H
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reaction between trimethylchlorosilane, Me 51 Cl, and
MeNHNH, to give 1-methyl,l-(trimethylsilyl)hydrazine,
Me 331 N(Me)NH,, as the only mono-silylated products.
Lithium methylhydrazide and trimethylbromogermane are
believed to react to give an unstable monosubstituted
derivative, of unknown structure, which gives rise to
methylhydrazine and the isomers of bis(trimethylgermyl)
methylhydrazine, (Me3Ge).NNHMe and MesGeNMeNHGeMes (57).
A report in the literature (58) of the reaction between
diphenylchlorophosphine,(CsHs)zPCl, and MeNHNH, indicates
that a mixture of (mono-phosphino)hydrazine isomers was
found, but their separation was not achieved.

The isoiation of compounds VI and VII suggest,either
that steric interactions compensate the enhanced basicity

of the methyl nitrogen or, that the difference in the

basicitlies of the two nitrogens is not suffliclently great

to cause preferential nucleophilic attack towards the
phosphine: thus, the activation energies for the two

intermediate four-centre complexes may be qulte similar

(a and b).
+ Me
H\ = -—P/\ “ 7
N-N--°7 1 HzN-—-N ------- P~
Me
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NMR spectra of MeNHNH, show two resonance absorp-
tions only, one arising from the NMe group (= 7.45 1)
and one arising from exchanging MeNH and NNH, amino
protons (= 6.7 t). Attempts to resolve the MeNH and NH,
amino protons failed; a single NH resonance absorption
was observed with pure MeNHNH, at temperatures down to
-50°C, and to -120°C (est.) with diethyl ether solutions
of MeNHNH,. Similarly, addition of HC1l did not reveal
the presence of the two NH environments (cf. protonaticn
of MeNH, (p.49l of ref. 31)). Thus, exchange between
_the amino protons must be rapid, and might occur through

self protonation, which can be represented:
+ -
MeNHNH, === MeNH,NH

The mechanism for this exchange may be through the form-

ation of solution dimers (a) and (b), as has been suggested

to occur with Me,NNH, and Me,NNHMe (59). In reactions with

H H H He
6\+N‘ Sng 6/\+N el
e” | I _Me Me” | I{H
"N ,N(r 5N ..N§+

HZ S Ny H”  wT Ny

(a) (b)
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(CF3;)2PI, mode (a) would promote substitution at

the least alkylated site, while mode (b) could give
rise to a mixture of isomers. The importance of the
dimeric MeNHNH, structure, and of forms (a) and (b),
would determine the mole ratio of isomeric products.
Reattions of modes (a) or (b) with (CF, ), PT would
facilitate fast reactions since the base, accepting HI,

would be present in the intermediate (c).

(c)

(CF3),PNMeNH, (VI) and (CF3),PNHNHMe (VII), on
fractionation were observed as visibly distinet colorless
crystals in a colorless liquid. Repeated fractionations
ultimately yielded a sample of pure solid (CFj;),PNHNHMe
having a melting point of 35.5%0.1°C, while (CF;),N(Me)NH,
still retained traces of 1its isomer.

Gas phase molecular weights for both compounds ranged

from M=215-219 (M = 214) while mass spectral data
3

calc
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gave parent peaks at P = 214 (P,57, = 214) (Tables
I1.34 and II.35). Significant peaks for both compounds
appeared for fragments CF;PNMeNH, and CF;PNHNHMe (m/e =
145), CF,; (m/e = 69) and MeNHNH (m/e = 45), the last
peak being most intense in both spectra. ’

The Hl NMR spectra for the isomers were quite
different. The spectrum for (CFs)ZPNMeNH2 consisted of
two resonance absorptions in a 2:3 integrated ratio, the
first a broad band, corresponding to the NH, protons
(6.15 1), and the second to the NMe protons (6.93 T).
The latter peak was split into a doublet, consistent with
coupling to the P3! nucleus (JpycH, 8.5 cps). (CF,),PNHNHMe
showed resonance absorptions corresponding to NMe (7.37 1),
MeN-H (6.39 1), and PN-H (5.70 1) protons in an integrated
ratio of 3:1:1. The assignments given the N-H signals
were based on comparison with N-H chemical shifts of
analogous compounds containing protons in similar environ-
ments (Table II.46), and on the basis that the least
shielded proton will 1likely be closest to the electro-
negative (CF,;),P group. The Fl9 absorptions were the fam-
iliar doublets arising through nuclear p31 spin-spin
coupling, {(CF,;),PNMeNli,: & midpoint, 60.6 ppm, Jp.p, 8l
cps; for (CF;),PNHNHMe: § midpoint, 63.8 ppm, Jpcp, 80 cps}

The main features of the infrared spectra for compounds

VI and VII correspond to bands due to CF¥,, CH;, and N-H
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or NH, vibrations (Tables IT.32 and 11.33). Compound VII
shows two NH stretching frequencies at 3340 and 3428 em™1
arising from the distinct PN-H and MeN-H groupings, while
compound VI has only one band in this region at 3410 em—1
corresponding to the NH, stretching mode. A band at 1605
em—l is consistent with the presence of a primary amino
group (25). The infrared spectrum of compound VII includes
a medium band at 2810 cm~l consistent with the C—-H svm-

metric vibration of a terminal NMe group (60).

5. CF,P(NHNMe,),: Compound VIIT

Reactions between CF,PI, and Me,NNH, in chlorobenzene
give good yields of bis(1l,l-dimethylhydrazino)trifluoro-
methylphosphine, CF4P(NHNMe,),, Compound VIII, according
to equation 3-34. Compound VIII, having a very low
vapour pressufe at room temperature, was difficult to
handle in the vacuum line, 48 hours minimum time being
required to condense enough product into an NMR tube
for good spectra. Vapour phase molecular weight determin-
ations were impractical, but mass spectral data indicated
a parent peak at P = 218, ( Peale = 218 ) ( Table IT1.38 ).
A low intensity peak at m/e = 149 suggests a 1low prob-
ability of losing a -CF,; group from the parent compound,
as compared to the bis(trifluoromethyl)phosphinohydra-

zines ( Compounds IV to VII ), where such fragmentation
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occurs readily. The most intense high molecular weight
fragment on the other hand  corresponds to the breaking
of an N-N bond with the loss of a Me,N group, assigned

/NHNMez
as CF3P_ , (m/e = 174).

NH

This is the only significant high molecular weight fragment,.
suggesting a high degree of molecular cleavage in the ion;
ization chamber. The most intense peak occurs at m/e=59
correspondlng to the MezNNH+fragment.

The Hl NMR Spectrum of compound VIII is in agreement
with the postulated structure.indicating twelve N-Me
protong at 7.59t and two N-H protons, present as a doublet,
at 6§ mildpoint, 5.92 t . The N-H doublet may arise from
non-equlvalence of rotational isomers, or through coupling

wlth the spin 1/2 P31

nucleus. NMR measurements at temp-
eratures up to 104°¢ gave 1dentical spectra, thus pre-
cluding the former possibility, while the coupling constant
value (Jpyy, 20 cps) is consistent for the latter alter-

19

native. (58). The F- spectrum showed the familiar doublet

at 6 midpoint, 65.4 ppm (J 83 cps).

PCF,
Due to the low volatility of compound VIII, gas phase

infrared spectra showed only a few extremely weak bands.

Satisfactory results were obtalned, however, by taking

spectra of the compound 1n nujol and halo o0il mulls, and

on the pure solid, between KBr plates (Table II.37.),



176

Samples were prepared under a dry N, atmosphere and
run immedlately to avoid the possibility of de-
composition or reaction. Bands were assigned to comp-
ound VIIT by noting only those in the "transparent"
areas of the mulls. While bands underwent solvent
shifts (up to 5 cm—l), tablulated values are in spectral
agreement in at least two of the three different sample
spectra.

A characteristic feature of those compounds having
only one CFj3 group rather than two or three such groups
is the relatively lessened intensity of the CFj3 stretching
modes. As well, 1t 1is expected that only two major bands
willl be observed, rather than the three very intense major
bands usually found for the (CFj3),;P grouping (61). Both
of these effects introduces some confusion as to the
assignment of the C-F stretching frequencles, since skel-
etal modes, superimposed upon the C-F stretching modes
in the (CF3)2P compounds, may now be promihent. The C-F
- bands however woﬁld be expected to appear in the 1100 -
1200 cm"1 reglion, and would have reasonable intensity:
the infrared spectrum for compound VITI shows intense bands
in this region. Six bands from 2781 - 2797 em™1 correspond
to C-H stretching modes, and two bands at 3196 and 3296

cm correspond to N-H stretching modes.
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6. CF3P(NMeNMe,), : Compound IX

Initial attempts to prepare compound IX 1in
chlorobenzene failed, while the reaction of CF;PI, with
Me,NNHMe in diethyl ether gave good yields of bis(tri-
methylhydraziné)trifluoromethylphosphine, CF3P(NMeNMe, ),
compound IX ,according to equation 3-34. While compound
IX 1s a liquid at room temperature the problem of low
volatility with respect to difficulty of handling parallelled
that of compound VIII. |

Vapourvphase molecular weight determinations were
impractiéai, but the mass spectrum showed a parent peak

at P = 246 (P = 246). (Table II.40). Again, the

calc
peak corresponding to loss of a CF3 group was low,and the
only peak assigned with some confidence is that due to
MezNNMe+ (m/e = 73). Contamination of the trimethyl-
hydrazine with 1,1-dimethylhydrazine led to formation of
gsome of compound VIII in the product which was difficult

to remove. A reasonably. intense peak at m/e = 59 cor-
responding to the Me,NNH® fragment is in evidence in the
mass spectrum, Compound VIII showed iIn the NMR spectra

as well, and was readily recognized as such. A small amount
of compound IX, showing absence of N-H stretching modes

in the infrared, was isolated, such that infrared absorption

bands could be assigned to compound IX with confidence.
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1 NMR spectrum consisted of two signals

The H
corresponding to 12 NMe protons at 7.50 t and 6 NMe
protons at 7.15 1, 1n a 2:1 integrated ratio. . The latter
signal was split due to spin 1/2 p31 coupling (JPNCH’ 7.0
cps) while fine structure analysis of high resolution
spectra showed the doublet to be a doublet of quartets,
indicating long range coupling to CF, (Jpcpnch, 0.7 cps).
The F19 spectrum was a doublet. (§ midpoint, 62.7 ppm,
Jpeops 92 cps). Integration over the F19 signals indicated
a 15% impurity of compound VIII.

The infrared spectrum of combound IX (Table IT.39)
was obtained on the 1liquid held between KBr plates. Two
‘bands at 1097 and 1177 em~1 may be assigned to C-F
stretching modes. Seven bands in the C-H strétching
region, between 2780 and 2982’cm'1 are also observed.

7. Two Isomers of CF,P(NHNMe),PCF,: Compounds X, XI

The reaction between CF,;PI, and MeNHNH, might be
expected to give three isomeric products, (a), (b) and (c¢).
However, none of these products were isolated or detected.

_-NMeNH, __NMeNH, _- NHNHMe

CF CF CF, P

P p
3 3
™ NMeNH, \ NHNHMe NHNHMe

(a) (b) (c)

Instead, two isomeric ring compounds were found, cyclo-2,5-

dimethyl(1l,4-bistrifluoromethyl)bishydrazino,l,4-diphosphine,
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compound X, and cyclo-2,6-dimethyl(1,4-bistrifluoromethyl)

bishydrazino,l,4-diphosphine, compound XI. Compounds X

H Me

Me\ P ~ ”
FaCP\ /PCF3 FSCP\‘ /PCF3
LN-—N_ SN—N_

H Me Me H
X XI

and XI, obtained from the reaction of CF;PI, with MeNINH,
in diethyl ether according to equation 3-36, were isolated
in relatively low yield (30% combined). Other products
indicated that the mechanism of formation of the cyclic
compounds 1s a termination reaction (ring closure) of a
stepwlse condensation polymerization leading to long chain
and closed ring (—P—hydrazine—)n systems.

A few polycyclic, or cage phosphorus-nitrogen comoounds
have been reported. P,(NMe)  (62) along with the arsenic
analogue (63), and P,(NNMe,)s (64), have the cage structure
in Figure II1I1.11. Reactions between phosphorus or arsenic,
and hexafluoro-2-butyne have led to interesting cage com-
pounds (65) (Figure II171.12) and their skeletal analogues
based on 1,?-diméthylhydrazine have been prepared (66, 67)
(Figure II11.13). The polycyclic compound P(NMeNMe);P
undergoes reaction with PCl, giving a quantitative yield
of C1P(NMeNMe),PCl (Figure IIL.1l) in which it 1is

sugegested that the ring structure is puckered (66).
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M Structures of MyXs
AN |
X X X (M = P, X = NMe, NNMe ) (62, ¢h)
|
/ o\ (M = As, X = NMe)(63)
_X X _
M M

Figure III.11

CF3,

W
M = P, As (65)

M _
FsC CF 3
// /// diarsina- and diphospha-
M
- CF,

FiC bicyclooctatrienes

Figure III,12

Me
N
/| M= P (66)
Me
N _M M= As (67)
—
Me-N - T N-Me
// Bicyclophospha- and arsena-
M
Me-N — \\'N-Me hydrazines
Figure IIT.13
Me Me
\ /
N-N
N\
Cl-P P-C1
\ /
N-—N
/ \
Me Me A cyclic diphosphinohydrazine

Figure III.14 (66)
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The mass spectrum for the ring compounds X and
XI (see Tables II.43 and II.4l), show parent peaks at

P = 288 (Pc = 288), and similar to the bis(trifluoro-

alc
methyl)phosphinohydrazine (compounds IV to VII) spectra,

show Intense peaks, at m/e = 219, corresponding to the
loss of a CFj3 group. However, unlik-= the spectra for
compounds IV through VII, the m/e = 219 peak, assigned
as CFgP(NMeNH)2P+ is the most 1intense, suggesting this
ion to be quite stable. The corresponding peak appears
only weakly 1n the spedtra of compounds VIII and IX;
the greater stability of CF3P(NMeNH)2P+ from X or XI;
may result from electron delocalization via (p-d)ﬁ

bonding with the ring system.

The H1 NMR spectrum of compound X showed two doublets,

consistent with both N-H and NMe coupling to the spin 1/2

P31 nucleus, the N-H protons at & midpoint, 5.15 © (T, . .

40.0 cps), and the NMe protons at 6§ midpoint 7.04 T(JP_N_

Q
C-H’ 13.0 cps) in a 1:3 integrated ratio. The Fl’ spectrum

was a doublet at 6 midpoint, 64.8 ppm. (JP—C-F’ 88.5 cps).
Compound XI showed an H1 NMR spectrum identical in

appearance with that of compound X but with different

chemical 3hifts and coupling constants; N-H, 6 midpoint,

5.54 1 (J 43 cps); NMe, & midpoint, 7.03 7

P-N-H’

(J 14.0 eps). A mixture of compounds X and XI

P-N-C-H’
showed all peaks belonging to both compounds as distinct
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and separate resonance frequencies. The F NMR spectrum

of compound XI showed two doublets, consistent with the

two nonequivalent CF,groups on the ring, at (MeN),PCF,

8 midpoint, 66.0 ppm (J 94 cps) and (HN),PCF;,

P~C-F’
§ midpoint, 64.2 ppm (JP—C—F’ 85 cps). Assignments of
the two P-CFj3; resonance absorption positions were made by
comparison with CF3;P(NMeNMe;), (JP-C—F’ 92 cps), and

CF3;P(NHNMe, ). (J 83 cps).

P-C-F?
The infrared spectra of compounds X and XI are
presented in Tables II.41 and IT.42. Pure solid,nujol and
halo o0il mull spectra, were obtained on the crystalline
compound X while spectra of compound XI were measured on
the liquid held between KBr plates. Both showed reason-
ably strong bands in the CFi: absorption frequency range
(1100 - 1200 cm—l), and bands corresponding to methyl C-H
stretching modes. Compound X showed one sharp band for
the N~H stretching mode at 3311 cm—l, while compound XI
showed a broad band centered at 3350 cm"1 accompanied by
a broad shoulder centered at 3150 cm o.

A nonvolatile yellow oil Was eventually 1solated
from the 1ntractable, polymeric residue of reactions lead-
ing to compounds X and XI. The mass spectrum of the
0il showed peaks to m/e = 506 (See Table II.QS). While

it is difficult to assign structures unambiguously for

ion fragment molecular welghts, if the reaction between
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CF3PI, and MeNHNH; proceeds as a stepwise condensation
polymerization, the compounds MeNHNHP(CF;)NMeNHP(CF3)
NMeNH, (and isomers) (m/e - 334) and the closed ring,
,NMeNHP (CF 3 FNMe |
CFsP [ (and isomers) (m/e = 432)
NMeNHP(CF ; }NH

might bé expected. Peaks corresponding to these lons are
indeed found. Evidence for a complicated mixture of products
-in this non-volatile fraction also comes from the Flg NMR
spectra, in which 22 lines appear; 1f CF3 is not cleaved
from phosphorus during ﬁhe reactlon this represents |
eleven possible products. The presence of 22 lines may be

interpreted in another fashion. 1If the fraction consisted

of a mixture of the two compounds noted (with m/e = 334,

and m/e 432), the 22 1lines can be accounted for as follows:

the m/e 334 compound has four unique 1somers; three isomers
have two differént phosphorus environments, one lsomer has
two equivalent phosphorus environments. A mixture of the
four isomers would give rise to 14 lines. The ring com-
pound (m/e = U432) has two unique isomers; one isomer has
three non equivalent phosphorus environments, the other

has all equivalent phosphorus environments. A mixture of
these isomers would give rise to 8 spectral lines. A
mixture of these two compounds in their various isomeric

forms therefore, would gi?e rise to the 22 lines observed.

Mass spectral evidence, however, suggests that there are
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more than two products, but of the 22 lines in the F19

spectrum, some could represent two or more superimposed

lines.

8. General Correlations

(a) H' NMR Data

(1) Chemical Shifts

The hydrogen chemical shift depends on a number of
factors, (a) bulk diamagnetic sﬁsceptibility effects,
(b) intermolecular association, (c) neighbour anistropic
shielding, (d) intramolecular electric field effects
and (e) the diamagnetic shielding caused by the electron
cloud about the nucleus (31, p.666). 1If the effects
caused b& (a) to (d) are small, or at least fairly constant
over a range of similar compounds, the chemical shift may
be said to be a measure of the electron density about the
nucleus under observation. Thus, the chemical shifts of
the methyl protons in CH3X have been correlated with the
electronegativity of X (31, p.996); a larger amount of
deshielding 1s observed as X becomes more electronegative.

Listed in Table IIT.4 are the H1 NMR data obtalned
for Me;NNH,, Me,NNHMe, and MeNHNH,; , and their tri-
fluoromethylphosphine derivatives. In all cases, replace-
ment of an amino hydrogen by (CF,;),P- or CF3P- causes the
NMe and NH proton signals to move downfield relative to

the "free hydrazine" signals. The deshieldlng is strongest
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for protons nearest the phosphine moiety, as would be
expected, since the trifluoromethylphosphine groun ic
electron withdrawing. The magnitude of deshielding can
be represented by A6SH ( ASH = § alkylhydrazine -

§ (trifluoromethyi)phosnhinoalkylhydrazine, where § =

the chemical shift in ppm); these values are collected in
Table IIT.5. The deshielding effect of the trifluoro-
methylphosphine group, across two bonds, is to cause the
iproton signal to move approximately 1 ppm downfield rela-
tive to the position of the corresponding signal in the
free hydrazine. Across three bonds, ASH =0.31 ppm, and
across four bonds, ASH =20.08 ppm. (CF3),PNMeNH, presents
a case where ASH = 0;53 ppm across three bonds; in this
instance, intermolecular association may introduce an
important contribution to the deshielding. The ring com-
pounds, X and XI, present a situation where the NMe and
NH protons feel the deshielding effect of two phosphine
groups. If the deshielding is additive, ASH can be cal=-
culated for these signnls (ArSNMecalC = 0.39, /\GNHcalC =
1.31). The observed values are; compound X, ASNMe = 0.41,
ASNH = 1.55: compound X[, ASNMe = 0.42, ASNH = 1.16.

The calculated A6NMe values are close to those observed,
but the ASNH calculated value is low compared to the
observed value for compound X, and high compared to that

observed for compound XI. Nelghbour anisotropic shielding
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arising from ring currents, introduced via (p-d)m bonding
would be expected to influence the amino proton signals
more than the NMe signals.
An interesting observation arises from the

comparison of the deshielding caused by the (CFj3),P-
group as compared to the CF3P< group. Deshielding caused
solely through an inductive effect of (CF3).P- would be
expected to be greater that that caused by the less electro-
negative CF,P< group. However, the NH and NMe protons of
the bis(hydrazino)phosphines are as effectiVely
deshielded as those of the mono(hydrazino)phosphines. If
(p-d)m bonding is effective across the P-N bond, deshield-
ing of the hydrazino protons may arise from both inductive,
and (p-d)7T bonding effects. Figure III.15 indicates the
operation of these effects for the bis(hydrazino)phosphines
(a), and the mono(hydrazino)phosphines (b).

If (p~d)m bonding is represented as being synergic
in character, its extent will be influenced by the
electronegativities of the R,P and NR, moieties. On the
Allred-Rochow scale, phosphorus has an electronegativity
of 2.06, and nitrogen, 3.07. Although the degree of
polarity of the P-N bond in (CF,),PNHNMe, would be
difficult to predict, owing to the electronegative CF;

groups on phosphorus, removal of one CF; group would
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Figure I11.15

Hl NMR Shielding Mechanisms for the Phosphinohydrazines

RI

N—NR,

& R
F;,CP&B (CF;),P——N-—NR,

M B

N-—NR,

R'

(a) (b)
a; deshielding df the R' protons through withdrawal
of electrons via an inductive mechanism.
B; deshielding of the R' protons resulting from
‘effective withdrawal of the nitrogen lone pair

via (p-d)w bonding.

leave a less electronegative phosphdrus, alloWing the
nitrogen atom a larger share of the cbonding electrons
in CF,P(NHNMe,), than in (CF,),PNHNMe,. Back-bonding
through a P-N (p-d)m bond would be expected to be more
extensive in CF,P(NHNMe,), than in (CF,),PNHNMe,.
Thus, enhanced (p-d)w bonding in the CF,P(NRNR,),
system, togethér with anisotropic contributions from
two, rather than one P-N bond, may account for the
equivalent deshielding effects of (CF;),P- and CF,P<

on the -NRNR, protons.
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(i1) Spin-Spin Coupling Constants

The mechanism for spin-spin coupling between two
magnetically nonequivalent hydrogen nuclei has been
suggested to involve coupling via bonding electrons,
and depends on the electron density at each nucleus
(p.63 of ref.31). Since only the s wa&e function has a
finite density at the nucleus, the magnitude of the
coupiing may be said to depend on thé amount of s char-
acter between the interacting nuclei; the magnitude of
C13—H1 éoupling has been correlated with the hybridiz-
ation of the carbon atom, and the resultant s character
of the C-H bond (p.1012 of ref.31). For heavier nuclei,
additional coupling directly through space is also
possible, aithough theAmagnitude of this coupling is not
as large as that arising from the indirect coupling
(pp.185 and 875 of ref.31).

»The PNCH and PNH coupling constants observed for
the (trifluoromethyl)phosphinohydrazines are noted in
Table II.46 and Table TII.4. The observed values for
JpNcH are similar to those found for the chloro- and
fluoro-phosphinohydrazines (68) and compare well for those
noted for other PNMe systems (69-71). H.A. Bent (72) sug-
gests that in a molecule, s character is concentrated in

bonds directed towards more electropositive substituents
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and so, JPNCH coupling constants should increase as the
substituent R in (CF,;),PN(Me)R increases in electro-
negativity. This correlates with the JfNCH coupling
constants found for (CI;),PNMeNMe, (Jpyeops 3.0 cps) and
(CF,),PNMeNH, (JpNcH> 8.5 cps), but doés not explain the
equivalent, and larger coupling constants in CFBP(NMeNMeZ)2
,NHNMe\
(IX) (Jpyncus 7.0 cps), CF,3P _PCF, (X) (Jpyeps 13.0
NMeNH
cps), and CF,P(NHNMe),PCF, (XI) (Jpycy, 14.0 cps). Tt
has beeh proposed that the hybridization at phosphorus
may be a decisive factor in changes in Jpy (72); the
- cyclic nature of compounds X and XI may impose a larger
N-P-N bond angle (increésing s character in the P-N
bond) than would be required for the long chain phos-
phinohydrazines. The cyclic phosphinohydrazine
C1P(NMeNMe),PCl has a value for Jpyey of 16.5 cps (66).
By similar arguments, the steric requirements of the
methyl groups in CFaP(NMeNMeZ)2 may be greater than the
requirements of the methyl groups in (CFa)ZPNMeNMeZ.
This would tend to increase the N-P-N bond angle in the
former compound, which would bé reflected in the larger
JPNCH coupling constant observed.
Jpyg for CF3(NHNMe,), was found to be 20 cps,

certainly larger than coupling constants noted for some
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t
other aminophosphine systems [(CsHs)zP(NHBu ),

t |
pncH> 11-5 cps;  CeHsP(CL)(NHBU ), Jppy 15.1 cps (71)]

but are comparable to JPNH found for some phosphorus V

J

hydrazine compounds [(CsHs)P(S)(NHNMez)z, J 27.3 cps;

PNH’

(C¢Hs)2P(X) (NHNMe,), X=S, J 21.5 cps, X=0, J

PNH? PNH?
18.8 cps (58)] . The coupling constants for compound X
(JPNH’ 40 cps) and compound XTI (JPNH’ 43 cps) are larger

st11ll, and may reflect the stereochemical requirements of
the ring system.

Long range F-H coupling is observed 1n compounds V
and IX (JFCPNCH’ 0.7 cps). The coupling 1s the same in
both compounds. If the primary mechanism for this coupling
operates via the bonding electrons, the coupling would be
expected to be different for V and IX, a5 it is with
JPNCH coupling to the same protons. Through space F-H
coupling (31, p.190) may be responsible for the coupling

observed.

719 NMR Data

Factors which influence the F19 chemical shift are not
completely understood at the present, although it is gen-
erally agreed that the paramagnetic contribution to the
shielding term is most important (p.87u of ref.31). This
arises for fluorine because the electron distribution about
the nucleus 1s not spherical. Thus, the ionic character

19

of the R-F bond has been correlated to the F chemical
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shift; aqualltatively =similar to the deshielding of
the H1 nucleus, an increase 1In the electronegativity of

19

R,produces deshielding of the F nucleus. A notable
exception occurs in the fluorochlorocarbons where the
fluorine nuclei are shielded in a manner opposite to that
predicted from electronegativity considerations (31, p.883)
The presence of the double bonded structures (a), and (b)

have been postulated; the greater importance of structure

(a) would offer an explanation for the deviation. Thus,

c1- +C1
N [
Cl—?=F cl1-C F
I
Cc1l Cc1l

(a) (b)

the electronegativity of substituents, dispersion forces
from solvent molecules and neighbouring substituents
(31, p.874), and multiple bonding situations as noted above,
may all have an effect on the F19 chemica2l shifts.

The fluorine chemical shifts of the (trifluoromethyl)
phosphinohydrazines vary from 60.6 to 66.0 ppm and while
lRll

the CF3;P(NRNR )2 fluorines appear generally to be more

shielded than the (CFa)zPNRNRlRll fluorines, as would be
expected from electronegativity considerations, the trends
within each series do not seem to follow a predictable
sequence.

The observed JP coupling constants vary over a

CF
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range from 80 to 94 cps and are generally larger for the

1R11 1,11

CF 3P (NRNR Y2 compounds than for the (CF3),PNRNR
compounds. This is contrary to what is expected from
electronegativity considerations alone. Packer (53)
obgserved a qualitative direct relationship between JPCF
and the electronegativity of X in (CF3).PX compounds.
This condition would be satisfied for the (trifluoro-
methyl)phosphinohydrazines only if —NRNRlRll were more
electronegative than CFs. Figure III.16 plots the
chemical shift of the CF, group against JPCF for the
(trifluoromethyl)phosphinohydrazines. While within
each series ( (CF3)2P - and CF3P<), JPCF tends to decrease
19

with an increase in F chemical shifts, on comparing the

two series, there 1s a general increase in both JPCF and

the F19 chemical shifts from (CFs),PNRNRIR'!

1R11)2.

to CF,P
(NRNR The chemical shift direction can be explained
from electronegativity arguments. The coupling constant
values may indicate that the hybridization about phos-
phorus, as well as substituant electronegativity effects,

influence JP If the hybridization at phosphorus is

CF*
an Important factor in determining JPCF’ then JPCF should
show a posltive correlation with JPNCH and JPNH' This
trend is qualitatively observed, as noted in Figure IITI.17.
It is noted that the hvbridization at phosphorus is not

due to substltuent electronegativity effects, but due to
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steric requirements imposed by the substituents, or from

hybridization requirements imposed by (p-d)m bonding.

D. Preparation of (Trifluoromethyl)phosphino-
hydrazineborancs

1. Introduction

The phosphinohydrazines, compounds IV to VII, are
potentially tribasic; 1lone pairs from the two nitrogens
are able to serve in ¢ donor fashion, and phosphorus has
possible o donating, as well as a m accepting function.
The bishydrazinophosphines, compounds VIII and IX, have

five basic sites on the molecular skeleton. (Figure I111.18)

R
N —NR,
R . A -
(CFa)Z‘I?——.I\_I-——NRZ CF3P{” ..
h N —NR>»
R

(a) (b)
Figure IJI,18

(a) bis(trifluoromethyl)phosphinohydrazines

(b) bis(hydrazino)trifluoromethylphosphines

To determine the o donor functionality, as well as the
most basic atom or.atoms for the (trifluoromethyl)phos-
phinohydrazines, BX, (X = Me, ¥, Cl) adducts were prepared
for compounds IV to VIIL.

Previous studies of adduct formation with aminophos-
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phines have shown that the denur slte, to boron (75-78),
alumiﬁum (79,80), carbonium (81,82,83,70), phosphorus
(84),and various transition metal (85-89) species, is
always the phosphorus atom. Reactions of chioramine with
‘aminophosphines give products which also show the more
basic site to be phosphorus (90). Similarly, studies on
the phosphinohydrazines, RnP(NRlNMez)(3_n), (n =1, 2:

R = CgHs s R1 = H, Me), have shown the phosphorus atom to
be more basic, towards Me+ (91); the site of chloramin-
ation of these phoSphinohydrazines is at phosphorus (91-93).
Attempts to chloraminate (92) or alkylate (91) (CgHs)
P(O;NHNMe, failed, indicating that both nitrogens of the
hydrazinophosphineoxide are deactivated towards electron
acceptor specles.

(CsHs), PNHNMe; forms a 2:1 complex with Ptil, 1:1
complexes with HgII and PtIV, and both 1:1 and 2:1 complexes
with PdII (94); the functionality of the phosphinohydra-
zine 1in these complexes is still uncertain. Studies of
transition metal complcxes of (phosphinocamino)pyridines,
where the two nitrogens are separated by a carbon atom,
indicate that both phosphorus and the términal nitrogen
may coordinate to the metal in chelate fashion (95).

The (trifluoromethyl)phosphinohydrazineborane adducts

(compounds XI to XXI) were prepared by the reaction of

[}

BX, (X Me, P, Cl) with the appropriate (trifluoromethyl)
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phosphinohydrazine dissolved in an inert solvent. pl
and Fl9 NMR'spectra were measured soon after the nre-
paration of each adduct. These spectra are included in
‘Tables ITI.6 ans TII.7.

While the P-N bond in some aminophosphines is
cleaved by BMe,, BF,; and BCl,; (96), increased P-N bond
stability is expected for the (trifluoromethyl)phos-
phinohydrazines, owing to the CF, groups attached to
phosphorus (52, 97). Accordinglv, BMe, énd BF, complexes
of compounds iV to VIII were found to be <table against
cleavage, while adducts prepared using BCl, indicated
furthér reaction only after about a week.

From the molar quantities of BF,; used in reactions
with (CF,),PNHNMe, and C1*;P(NHNMe,),, the formulations
suggested for the producis are (CF,),PNHNMe,.BF, (compound
XIT) and CF,P(NHNMe,),.23F, (compound XXI). The F1? NMR
spectrum for compound XXI[ indicates the equivaience of
the two BF, groups; the integrated ratios of BF :CF, is
2:1. For the (trifluoromethyl)phosphinohydrazines, reduced
o donor character is expected for the phosphorus atom;
MeCl does not react with (CF;),;P (98), and neither
MeP(CF,), nor (CF,),P show adduct formation with BF, at
temperatures down %o ~78°¢ (99). Thus, the reaction stoic-
hiometry and the NMR spectra suggest that for the (tri

fluoromethyl)phosphinohydrazines, adduct formation occurs
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Table III.7 F19 NMR Data for (trifluoromethyl)phosphino-
hydrazine boranes (a)

Compound Solvent -CF3, BF 3

(CF,),PNHNMe, .BMe; CDCl, 65.0
Jpops 03
(CF4),PNHNMe, . BF, CDC1,4 63.7 163.4
J , 88.5
| PCF
(CF;), PNHNMe, .BC1; CDCl, 62.7
Jpeps 89
(CF4),PNMeNMe, .BMes CFCl, 61.5
Ipeps  85-5
(CF3) ,PNMeNMe, .BF 4 CFCl, 59.6 153.4
, JPCF, 88.5
(CF;),PNMeNMe,.BCl; CFCl, 58.1
Jpcps  93-3
(CF,;),PNMeNH, .BMe3  CDCls 60.6
Ipeps  83.7
(CF3) 2,PNMeNH, .BF3 CDC1; 59.8 148.5
JPCF’ 89.5
(CF,),PNHNHMe .BMe;  CDC1, 63.5
JPCF’ 82.7
(CF,),PNHNHMe .BF 4 CDC1, - 62.9(b) 159.0
) g 86.5
CF3P(NHNMe,),.2BFs CgHsC1 70.9 162.1
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Table III.6

(a) Chemical shifts reported in t , relative to
tetramethylsilane, 10.0 t , as internal refer-

ence; coupling constants reported in cps.
(b) Doublet; splitting unassigned; see discussion.

(c) Temperature dependent splitting; see discussion.

Table III.7

(a) Chemical shifts reported in ppm above CFCls

(internal reference); coupling constants reported

in cps.

(b) Temperature dependent signals; at +39OC, spectrum

is doublet of quartets, gy 8.0; see discussion.
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at one of the nitrogens, rather than at the phosphorus
centre.

2. Reactions of (CF3)2PNHNMe, with BX;

(a) (CF3),PNHNMe2 .BMej (Compound XI)

The reaction between (CF3),PNHNMe, and excess BMe;
gives (CF3)2PNHNMe,.BMes; (compound XI), and free BMe;
The formulation of a 1;1 adduct was based on the amount
of BMe,; recovered from the reaction, as well as on the
H1 NMR spectrum of the adduct, which showed peaks cor-
responding to BMes (9.45 1), NMe, (7.43 t), and NH
(5.63 1), with an intensity ratio of 9:6:1 respectively.
Comparing the position of the complexed BMes peak to that
for uncomplexed BMejs (9.23 t (100)) suggests that a weak
adduct 1is formed; . experiments with space filling models
indicate that steric interactions may be largely respon-

sible for the stability of the adduct. The F17

spectrum
showed a doublet arising from coupling between the CIF;
fluorines and the P31 nucleus (8§ midpoint, 65.0 ppm;
JPCF’ 83 CpS).

(b) (CF3;),PNHNMe,.BF3 (Compound XII)

The reaction between (CF3):PNHNMes; and excess BF3
gives (CF3)2PNHNMe,.BF3 (compound XII). The formulation
for the adduct was based on the quantity of BFs; recovered
from the reaction, and on the NMR spectra of the adduct.

The Hl and F19 NMR spectra for compound XII are assigned
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as followsa:
le

F19:

NMe,, 7.07 t ; NH,s midpoint, 4.12 1, J_ 11 cps;

PNH

CF3; & midpoint 63.7 ppm, J 88.5 cps: BFg,,

PCF?
163.4 ppm. The integrated intensities were measured for
the HL spectrum, NMe, :NH = 6:1, and for the pi9 spectrum,
CF3:BF3 = 2:1.  The chemical shift for uncomplexed BFj3 is
127 ppm relative to CFCls (p.945 of ref.31)

(c) (CF;),PNHNMe,.BCl; (Compound XIII)

The quantity of BCls recovered from a reaction of
(CF3),PNHNMe, with excess BCl; suggested the formation
of the 1l:1 adduct‘(CF;)ZPNHNMGZ.BClg (compound XIII).
The H1 NMR spectrum of the adduct showed peaks correspond-
ing to NMe, (6.67 . ),and NH (2.85 1 ) with intensities
of 6:1 respectively. The F19 gpectrum showed a doublet
corresponding to CF; (8 midpoint, 62.7 ppm, JPCF’ 89 cps).
(CF3),PC1l, which would be expected from a reaction as in

equation 3-39 was not detected. ( (CFj3),PCl, 8§ midpoint,

61.4 ppm, Jpap, 85.1 (53)). After about a week, however,
BCls; + (CF3;),PNHNMe, +(CF3),PCl + C1l,BNHNMe, (3-39)

the product changed to a dark brown oil; the observation
of NMR spectra for this product was restricted by 1ts high
viscosity.

3. Reactions of (CFj3),PNMeNMe, with BXj;

(a) (CF3),PNMeNMe,.BMe; (Compound XIV)
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BMes , and an excess of (CF3):PNMeNMe., were
allowed to react for one hour, after which time, the

1 NMR spectrum showéd peaks corresponding to NMe

H
(8 midpoint, 7.14 T, Jpuays 2.8 cps, Jpcpney? 0-7 cps),
NMe, (7.50 T ), and BMe, (9.32 v ). The areas under
the peaks indicated a deficiency in the proportion of
BMe; required for a 1:1 adduct, in accord with the mole
quantities of reactants used. The position of the BMe;,
peak is close to that for uncomplexed BMe; , and thus

1s in accord with the formation of a weak adduct.

(b) (CF;),PNMeNMe,.BFa (Compound XV )

Compound XV was 1solated from a reaction of (CF3),
PNMeNMe , with excess BF3;. The quantity of BF,; recovered
from the reaction 1ndicafed the formulation of compound XV
to be (CFj3)2PNMeNMe,.BF3. Supporting evidence for a
1:1 adduct comes from the F1° NMR spectrum in which the
1ntegrated intensities of CF3:BF; = 2:1 (CF3;8 midpoint,
59.6 ppm, JPCF,.88.5 cps; BFj3, 153.4 ppm). The H 1 NMR
spectrum showed peaks corresponding to NMe, (7.15 t ) and

NMe ( 6 midpoint 6.80 t , PPNCH, 2.0 cps, JFPNCH, 0.7 cp9.

intensities, NMe,:NMe = 2:1,

(¢) (CF3),PNMeNMe,.BCl; (Compound XVI)
(CF3),PNMeNMe, was allowed to react with an excess of

BCl;. The amount of BCl; recovered from the reaction
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indicated that (CF3):PNMeNMe. reacts with BCls in 1:1
molar proportions to give the adduct (CFj),PNMeNMe,.BCl,
(compound XVI). The H' NMR spectrum for compound XVI
showed a septet at 6.40 1 corresponding to the NMe protons.
No spin coupling to phosphorus was observed; the septet
arises from coupling to the F19 nuclei of the two equiv-
alent CF3 groups (JFCPNCH, 0.7 cps),most likely via a
through space mechanism (31, p.190). The resonance
absorption corresponding to the NMe, protons, appeared as
two peaks ( § midpoint 6.49 1t ) with a splitting of 1.4 cps.
This splitting may arise from different rotational isomers.
The possibility of the reaction 3-40 which would give rise
to an additional peak was precluded since no peaks corres-

19

ponding to (CF3),PCl appeared in the F spectrum.

BCls + (CF3),PNMeNMe, -~ (CF3),PCl + Cl,BNMeNMe, (3-40)

The F19

spectrum for compound XVI showed a doublet cor-
responding to the CFj3; groups on phosphorus ( § midpoint,

58.1 ppm, JPCF’ 93.3 cps).

4., NMR Correlations and the site of adduct
formation in the (trifluoromethyl)
phosphinohydrazines

In each of the adducts, compounds XI to XVI, a 1:1
complex with BX; (X = Me, ¥, Cl) 1is formed. Since evidence

supports one of the nitrogens as beinm the donor site, the
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protlem remains as to which of the two nitrogen atoms
coordinates with the boron atom.

The site of adduct formation could not be inferred
from observed spin-spin coupling, as neither the H!l nor
F19 NMR spectra revealed any fine structure arising from
coupling to boron, or 0o the substituents on boron.

Nor was BF coupling obascrved for the BFF; adducts. This
is in contrast to the well resolved 1:1:1:1 quartets
observed for the methylhydrazine.BF, adducts, and m-thyl-
amine .BF, adducts (1). The absence of such coupling
could be due to exchange phenomena. However, the BF,
adduct of (CF,),PNMeNH, (Section ITI.D.5(b)) which in-
cluded a smaillquantity of (CFS)ZPNHNHMe.BFa, showed BF,
719 NMR absorptions corresponding, to both adducts, in the

(@] .
1 signals for the respec--

same intensity ratio as the CF,; F
tive compounds. If intermolecular exchange were fast, only
one BF, peak would be observed. More likely, the collapse
of the 1:1:1:1 multiplct 1s caused by quadrupolar relax-
ation of the boron, which is situated in an unsymmetrical
electric field. vSuch a system might be one in which fhe
boron is situated at some position between the two nit-
rogens of the hydrazine moiety; 1in this arrangement, the
boron would effectively be five coordinate.

Il we use the arguments developed for the PBX,; adducts

of the methylhydrazines, 1n order to determine the more
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basie of the two nitroren atoms, the chemical shifts

of the protons on the hydrazine molety are plotted
against.the relative acceptor power of BX,;. These curves
for compounds XI to XV? are shown in Figure IiI.lQ.
Again, to distinguish the more basic of the two nitrogen
atoms, the‘expected sengitivity order is: adjacent
protons > protons remote by one bond > protons remote bj
two bonds. The slopes of the curves are collected in
Table ITI.S8.

A comparison of the slopes obtained for the (tri-
fluoromethyl)phosphinohydrazine boranes with the slopes
obtained for the methylhydrazineboranes (Table III.3),
gquickly reveals that not only are the protons on the
(trifluoromethyl)phosphinohydrazines more sensitive to
deshielding effects, but that the slope values suggest
that either, or both, nitrogen atoms are participating in
coordinate bond formation to the borane. This is sur-
prising inbview of the fact that only one BXj3; molecule is
coordinated to the (trifluoromethyl)phosphinohydrazine.

Table III.8

Slope values (arbitrary units, 1 /relative acid strength,

x 10° ) from Figure TI[I.19

NMes NMe NH
(CFa)zPNHNMez 66 - 2“0

(CF3) ,PNMeNMe, 83 ; 64 -



CHEMICAL SHIFT (T)

2.0

4.0

5.0

6.0+

6.5

70

75k

1.0 I.IS 20
RELATIVE ACCEPTOR POWER

DESHIELDING EFFECTS FOR 1. {CFy), PNigNMez', 2. (CFy), PNhgeNMez H

3.(CF3)oPNHNMe, ; 4. (CFy)z PNMeNMe,

Figure III.19
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Obviously, the (trifluoromethyl)phosphino-
hydrazineborane system is more complex than that of
the alkylated hydrazineboranes; P-N (p-d)m interactions,
permigsible 1n the former system may be 1nf1ueﬁcea
drastically by édduct formation.

It is difficult to assess the contribution of P-N
(p-d)7 bonding to the deshielding of the protons on the
hydrazine‘moiety, although its possibility has been
mentioned (Section ITI.C.1.). If this deshielding mech-
anism 1s indeed operative, modifications to the electronic
structure,with increasing (p~d)w bonding, should bé
reflected as an increase in the deshielding of protons
attached to the nitrogen nearest the phoéphorus atomﬂ'
(middle nitrogen). If the borane coordinates tolthe middle
nitrogen, the {(p-d)m bonding interaction between that
nitrogen and the phosphorus atom would vanish. Thus, the
deshielding of protons on the middle nitrogen caused by
borane addition would be partly compensated by the'red-
uction in (p-d)m bonding. This of course does nbt explain
the extent and equivalence of the deshielding,of'bqth
middle and terminal nitrogen methyl groubs in (CFs)é’
PNMeNMez.BX3 , and would suggest that borane addiﬁion
occurs at the terminal nitrogen. This 1s favorednstqricaily

for BMe; and BCls; , but less so for BFs.
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If one assumes borane addition to the terminal
nitrogen, the equivalent deshielding of middle and
terminal nitrogen methyl protons is still difficult to
explain, unless P-N (p-d)m bonding is increased in
these systems. A possible mechanism assumes the
presence of a secondary bonding interaction across the
N-N bond. TIf some double bond éharacter, utilizing the
nitrogen lone pair orbitals and the C-N and P-N bonding
orbitals, is present across the N-N bond in the (tri-
fluoromethyl)phosphinohydrazines, as has been suggested
to explain the short N-N bond length in (CF3),NN(CF;),
(101), then utilization of the lone pair of the ter-
minal in the formation of a coordinate bond to boron,
may release the lone pair of the middle nitrogen to
strengthen the P-N (p-d)m interaction.

A second explanation for the equlvalent deshielding
of protons on the middiec and terminal nitrogens assumes
that the boron lies at some position between the two
nitrogens.

Hydrazine has been proposed to act as a bidentate
ligand towards (iPrO);ALl (102); 1n this complex, the
aluminum atom is fiVe coordinate, and assumes a position
midway between the nitrogen atoms. The equivalent structure
fbr Me ;Al. (Me,NNMe, ), proposed by Fettef and Bartocha

(103), and supported by NMR measurements(104), and for
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EtsAl.(Me2NNMez) (105), 1s shown in Figure III.19.

1
R R = RY = Me (103) (104)
1
‘/’R | R = Et, R* = Me  (105)
"N ' 1
RsAL | R = iPrO, RY = H (102)
Nl
\ R
1

Figure III1.20 Bidentate hydrazines.

Experiments with space filling models of the
(trifluoromethyl)phosphinohydrazineborane adducts indicate
that steric hindrance is lower for all three boranes,

BMes;, BF3 and BCli;, if the boron atom is at a position
between the nitrogen atoms, than if theiboron is coordinated
to one specific nitrogen. Support for this stereochemical
arrangement also comes from the observed collapse of the

B-F spin multiplets for all of the BFj; adducts.

5. Reactions of (CFj3),PNMeNH, with BX,

(a) (CF3),PNMeNH,.BMe; (compound XVII)

Equimoiar quantities ofv(CFg)éPNMeNHz and BMe; were
allowed to react at room temperature to give the adduct
(CF3)2PNMeNH, .BMes (compound XVIT). The H' NMR spectrum
showed peaks corresponding to BMes; (9.45 t ), NMe (3 mid-

point, 6.8 t , J 8.5 cps) and NH (6.00 T ) with

PNCH
integrated intensities of 9:3:2 respectively. The position
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of the BMeg peak suggests the adduct to be weak. The
F19 spectrum showed a doublet corresponding to CF; groups
attached to phosphorus ( § midpoint,60.6 ppm., JpeFs
83.7 cps). o

(b) (CF3),PNMeNH, .BF; (compound XVIIT)

Equimolar quantities of (CF;),PNMeNH, and BF; were
allowed to react at room temperature to give the adduct
(CF3),PNMeNH, .BF; (compound XVIII). The NMR spectravwere

assigned as follows: L. NMe, 8§ midpoint 6.72 T, Jo,
* "PNCH,

4.8 cps; NHz, 3.80 T ; integrated intensities, NMe:NHz =
1
3:2; F 9: CF3, & midpoint, 59.8 ppm, JPCF 89.5 cps;
, -
BF;, 148.5 ppm; integrated intensities, BF;:CF3 = 1:2

_6. Reactions of (CF,),PNHNHMe with BXj

(a) (CF3).PNHNHMe.BMe; (compound XIX)

Equimolar quantities of (CFj3;).PNHNHMe and BMes were
allowed to react at room temperature to give the adduct
(CFs),PNHNEMe .BMe; (compound XIX). The NMR Speétra were

1. BMes, 10.02 © ; NMe, 7.27 t; PN-H, 5. 03 1

assigned: H
NN-H, 5.47 1; integrated intensities, BMej:NMe: PN—H
NN-H = 9:3:1:1; F1%: CF,, & midpoint, 63.5 ppm, Jpcp?'
82.7 cps. B
In this instance, the chemical shift of the BMeg
protons indicates compound XIX to be more stable than 

compounds XI, XIV and XVII. Why this should be SO 18 not

completely clear, unless the BMes adds to the terminal
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nitrogen atom, In this case there may be less steric
hindrance than for addition to the terminal nitrogen
compounds XI and XIV; a more basic terminal nitrogen atom
1s compared to the NH; Lerminal nltrogen atom in compound
XVII may be responsible for the greater stability of
compound XIX.

(b) (CF3),PNHNHMe .BF3; (Compound XX)

(CF3),PNHNHMe .BF 3 (compound XX),was prepared from
the reaction of equimolar quantities of (CFj;),PNHNHMe
and BF3; . NMR measurements on compound XX showed temp-

. and F19 spectra

erature dependence of-both the H
(Figures TIT2l and TIIT22). At +38°C the H' spectrum
consisted of a doublet (8 midpoint, 7.08t ) correspond-
ing to the NMe protons, with a splitting of 5.0 cps
(coalescence temperature = N9OC), and two broad signals
corresponding to the PN-H (3.92 1t ) and NN-H (4.52 1 )
amino protons, with intensities of 3:1:1 respectively.
The F19 spectrum at‘38oC consisted of two doublets of
quartets centered at 3 midpoint, 62.9 ppm. The analysis
of the spectrum (Figure IIT.23) is consistent with two
magnetically nonequivalent CF3 groups. Mutual coupling
between the CF; groups gives rise to two quartets
-(JFCPCF’ 8.0 cps), and coupling of the CF3 fluorines to
the P31 nucleus ultimately gives rise to the observed

31

spectrum. The coupling of the P nucleus to the fluorines
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TEMPERATURE VARIATION OF THE H AND '’F NMR SPECTRA
FOR (CFs), PNNNHMe - BF5

7.08

452 : 0.0
3.92 |
N

RELATIVE INTENSITIES | i 3

/ (a) \ /(b)\ /(c)\ : )(d)\

NMe PEAK ; (a) at 38°C , (b) at 47.5°C ,

(c¢) at COALESCENCE TEMPERATURE 49.0°C, (d) at 56°C

Figure III.Z21
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: /' JFﬁJ
F
CF3 - //:” F BF,

kh——-JPCF————*H

ppm from C'.FCI:s
l | | |
Relative intensity
60° C

JANDA

72°C

Figure 111.22 Temperature Variation of the F19 NMR Spectrum

for (CF3),PNNHMe.BF3
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AbCR= 25 cps

]

| @a——— JpcF = 86.0 cps

HI

*——-—JpcF " 87.0¢cps
| J
A \

I Il

JFF = 8.0 cps RELATIVE
INTENSITIES
‘ 29 ¢cps

SPLITTING PATTERN OF TWO MAGNETICALLY
NONEQUIVALENT CF3 GROUPS ATTACHED TO
PHOSPHORUS IN (CF3), PNHNMe ~BF 3

Figure TTT.23
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of the nonequivalent CF, groups is almost identical

( CF3(A), Jpops 86.0 cps, CF,(B), Jpop, 87.0 cps). At
highef'temperatures each doublet of qguartets coalesced
(coalescence tempefaturo (Caic) = 72 t 20C) to show only
the coupling due to phosphorus (Jpecp, 86.5 cps). BF3 was
observed as a single broad line (159.0 ppm); the inten-
sity ratio of CF;:RF; was 2:1.

The observed F19 apectrum could arise from restricted
rotation about the P-N bond; .the splitting observed for
the NMe group 1n the B specfrum could arise either from
spin coupling to the HNMe amino protqn, or from restricted
rotation about the N-N bond. If fhé latter mechanism 1is
assumed, the free energy of activation for the rotation
about the N-N bond can be calculated from the Eyring

equation (26) (eguation 3.41):

K T
kK, = exp (~AG#/RT) (3-41)
h
ky = rate constant
Kgp = Boltzmann's constant
h = Planck's constant
R = gas constant
T = temperature in ©OK

AG} = free energy of activation. Thus,
AGE = 4,57 T (10.32 + log T/Kp) _ (3-42)

, the rate constant at the coalescence temperature Tc,

can be approximated from equation 3-43;
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ke TAv /2 (3-43)

Av line separation without exchange.

If the separate signals are coupled to each other, kc is

better approximated from equation 3-44;

ke = (A2 + 6 — J2)5 /o (3-4b)

J

coupling constant.

Thus, from equations 3-/42 and 3-43, the free energy of
activation for rotation about the N-N bond, AG} N-N =
17.3 * 0.8 Kcal/mole. imilarly, from the Fl9 spectrum,
and using eduations 3-0" and 3-44, AGF P-N = 17.4 *+ 0.2
Kcal/mole.

The equivalence of’ the values of the free energies
of activation suggests that rotational isomerism,
rather than spin-spin coupling is responsible for the
splitting in the ! spectrum, and that a single mech-
anism is responsible for the rotational barriers about
the P-N and N-N bonds. Arguments can be presented
for two possible structures causing the observed effects.
Structure (a), in which boron coordination to the
phosphorus atom and the terminal nitrogen atom, locks
the configuration of the PNN skeleton, and structure (b),

in which the boron is iituated at a point between the



H H H

ﬁ N-——N:Me
FaC i\ M FiC / \ ¢
F3C — P N P’ B
\ / Me F3C F
B 3
Fj

(a) (b)

two nitrogens, rotation about the P-N bond being slowed

due to increased (p~d)m bonding in the adduct.

7. CF3P(NHNMe,),.2BF3; (Compound ¥XTI)
Compound>XXI was igolated from the reaction of
CF3P(NHNMe, ), with excess BF3 . The quantity of BF,
recovered from the reaction indicated the formulation

for cpd XXI to be CF3;P(NHNMe.)..2BF3;. Supporting

19

evidence for a 2:1 adduct comes from the F NMR spectrum

in which the integrated intensities of BF3:CF; = 2:1.

(CF3;6 midpoint, 70:9 ppm; J 92.5 cps; BF3, 153.4 ppm.)

PCF?
The H1 NMR spectrum showed peaks corresponding to NMe,

(6.93t ) and NH (8§ midpoint 3.97 t , J 9 cps) with

PNH?
integrated intensities of NMe,:NH = 6:1.

8, General Correlations

In the F19 NMR spectra, a qualitative correlation was

observed between J and the4Lewis acid strength of the

PCF
coordinating boranes. Within each series of (trifluoro-
methyl)phosphinohydrazine.BX; adducts, JPCF increases as

X varies from Me to F to Cl. At the same time, the chemical
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shifts of the respective CF; groups indicate de-
shielding in the same order. This i1s in agreement
with trends found by Packer (53) for (CF,;),PX
compounds where JPCF increases with increasing elect-
ronegativity of X, and also suggests inductive effects
1

to be operative. At the same time however, in the H

NMR spectra, the J coupling constants for the

PNCH
(CF3)2PNM€NRR1.BX3 adducts, decrease as X varies from
Me to F-to Cl, quite opposite to what might have been
expected. Jpyny for F,PNMe, has been reported (106)

to be 9.25 cps. The crystal structure (107) shows the
PNMe, arrangement to be planar, suggesting sp? hybrid-

ization of the nitrogen atom. Deformations from this

planar arrangement might be expected to be reflected in

a decrease in Jpycy- While the /R arrangement-in

P — N{

N
the(trifluoromethyl)phosphinohydrazines may not be-planar,
the PNN bond angle may be greater than the tetrahed?#l
angle (109° 28'); coordination in some fashion to Ei;;
may tend to decrease the PNN bond angle, being;reflééted

in a decrease 1n JPNCH‘

o s dEE
L RBL,
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