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An Effective Strategy for the Preparation of 
a&Unsaturated Hydrazones and Pyrazole 

Derivatives. Synthetic Applications of 
P-Functionalized Phosphorus Compounds. 

Francisco Palacios*, Domitila Aparicio, Jesiis M. de 10s Santos 

A&sin&: ~-E~hy~~ ~~pbo~~ salts 3 8s weIi BS B-byatazom phosphim Oxides 6 and 
phosphonates 7 are obtained from hydra&m, pact salts 2 aad pbosphmylated 
allenes 4 and 5. @-Fmctim ampowls 3,6 and 7 are used for the synthesis of @$-unsaturated 
llydlazones 1, pyrazoline 14 and pyrazok2 delivative 15. 

Hydrazones are common nitrogen derivatives of ketones and ahlehydes and have received much attention 
in recent years because of their range of applications*. They form part of the strwzmre of new axapeptidesz and 

of bio~ogi~y active ~tibio~ ~rn~n~ such as c~tiom~~3a, ~~y~~3b, mourns, ci~~p~~ 
and megamycinfe. Hydraxones CM be also used as a protective group of the carbonyl function4, as formyls 
and acyls anion equivalents and synthetic intermediates in the preparation of heterocyclese, nitriles7, gem- 

difluorocompoundsg (which play an important role in biological chemist@) as well as in the asymmetric 
synthesis of chiral aminesfua, u-~ino~dehydes lob and ~-arn~noaGi~l~. Liiwise, a very alit 

methodology for the formation of carbon-carbon bonds has been developed in recent years using catbanions 
derived from hydraxonestl. which leads to very successful applications in the enantioselective synthesis of 
oxosulfonest~, pheromoneGb, the potassium chatmel opener RP6647 11% and of natural products such as the 
ionophore antibiotic ind~omy~in 1% the sex pheromone ~~~orn~l3b and the sesquiterpetm (+) 

emmophilinolidel~. 
In the chemistry of hydraxones the usefulness of the of ~&msaturated hydraxones is particularly 

significant as a result of their potential as starting materials in the preparation of P-hydroxy-l4 and a,j3- 

camps ketone@ as well as of biolo~~~y active pyraxoles 16. Likewise, unsaturated hydraxones have 
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recently been shown to be a versatile tool for the construction of six-membered heterocycles by means of the 
Diels-Alder reactivity of these substances as 1-axadienes 17. The lack of general methods for synthesis of these 
compounds has probably limited their use in organic synthesis. Simple a#-unsaturated hydraxones are mostly 

synthesixed by the condensation reaction of carbonyl compounds with hydra&es. However, the preparation of 
such compounds is far from simple and especially in the case of ketones, only yields good results in very 
specific cases and generally leads to Michael additiot@. 

In connection with our intemst in the use of new &functionalixed phosphorus derivatives as synthetic 

intermediates in the preparation of acyclic 19 and cyclicm derivatives, we have recently used phosphorus 
compounds as homologation reagents 21 for conversion of carbonyl derivatives into a&unsaturated 

hydraxones with the introduction of two additional carbon atoms in the resulting chain. Here we aim to extend 

thii methodology to the preparation of a wide range of unsaturated hydraxones 1 and to explore the synthetic 
use of phosphorylated hydraxones in the preparation of new groups of acyclic and cyclic compounds. 
Retrosynthetically, we envisaged obtaining hydrazones 1 by an olefination reaction of phydraxono phosphorus 

compounds (or their synthetic equivalents the tautomeric enehydraxino derivatives), obtaining both these from 

the addition of hydraxines to phosphotylated allenes (or the synthetic equivalent the propargylic phosphonium 

salts) (see scheme 1). 
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Scheme 1 

RESULTS AND DISCUSSION 

The required @enehydraxino phosphonium salts 3 were very easily prepared in high yields through the 

addition of achiral and chiral hydraxines to commercially available propargyltriphenylphosphonium bromide 2 
in refluxing chloroform (Scheme 2, Table 1). Compounds 3 were characterized on the basis of their 
spectroscopic data, which indicate that they am isolated as a mixture of the Z and E-substituted phosphonium 
salts 3, although for our purposes the separation of Z and E-isomers is not necesfafy for subsequent reactions. 

Thus, the JIP-NMR spectrum for 3a showed hvo different absorptions at SP 11.8 and 17.4 ppm in an 

approximate isomer ratio 25 / 75 as evidenced by the relative peak amas for each salt, in which the high-fold 
chemical shift cotresponds to the Z-isomer 30. Further examination of the IH and I%-NiUR spectra is 
consistent with the enehydraxine structure of the phophonium salts In the IH-NMR spectrum of 3a. the vinylic 
proton resonates at SH 4.61 as a well resolved doublet with coupling constant of 2Jp~ 18 Hz. and the methyl 
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group gives a singlet at 6’ 1.75, while tbe i3C-~~R spectrum shows auction at SC 54.5 (IJpC 117 Hz.) 

and 19.2 ppm (3&c 4.9 Hz.) assignable to the carbon bonded to phosphorus and the methyl group of the E- 
isomer=. Conversely, for 3a the Z-isomer showed clearIy diffetent absorptions, namely a doublet at SH 3.58 
ppm (k+R 19 Hz.) for tbe vinylic proton as well as a ~~-~ld signaI for the methyl group at SH 2.07 ppm, 
while in the 1%~iWR spectrnm the absorption of methine carbon is shifted to higher field (& 53.5) with a 

higher value of the phospho~s~~n coupling constant (l&c 123 Hz.) relative to those of the R-isomer. 
Vi&al %-3lP coupling constant (31~~ 15.4 Hz.) showed that the methyl group and phosphorus atom in the 
&enamino compound 3a are related zrans~. In thii context, it is worth noting that when cbiral hydrazimz such 

as SAh4P and RAMP are used, only the R-isomer is obtained (see Table 1). 
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Tabable 1. &Enehydrazino Phosphor&m Salts 3 obtained. 

Compound RI R2 Yield (%P E/Z ratiob m.p. (“C) 

3a Me Me 88 75125 216-21?(d) 

3b 91 

;; &/+$&a ; 

Oil00 134-135(d) 

37163 18~l~d) 
loo/O 159-160(d) 

3e a’OMe 79 10010 159-160(d) 

a Yield of isow pi&d pm&t. b Et2 ratio by 3iP-NMR assign. 

A mechanism that ratkmalii the forma&m of 3 and that is consistent with the data is outlined in Scheme 
2, in which hydra&es am caused to react with alhmyhriphen mum bromide 2” formed “in situ”’ from 

p~p-2*~yl~phenylpbospho~um bromide and trietbylamine 23. Hydrazines undergo a nucle.opbilic addition 
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with allene and give the Michael-type adduct 3’. This material is readily rearranged under the reaction 
conditions to the thermodynamically mom stable isomer, the P-enehydrazino phosphonium salts 3. 

These results prompted us to extend this reaction and to explore whether stable phosphorylated allenes 
with hydrazines showed a similar reaction pattern leading to new pfunctionalized phosphorus compounds, that 

could be versatile hey intermediates in carbon-carbon formation processes and in the synthesis of heterocycles. 

. . nof_DhosDhlneanandohosohonates 

Simple addition of achiral and chiral hydrazines to allenes derived from phosphine oxides 4 in mfhrxing 
of chloroform (TLC control) leads, after crystallization of the crude reaction mixture, to the formation of p- 

hydrazono phosphine oxides 6 in excellent yield, instead of the tautomeric enehydrazino compounds 6’ such as 

have been obtained in the case of phosphonium salts 3 (Scheme 3, Table 2). Compounds 6 were characterized 
by their spectroscopic data, which indicate that they are isolated as a mixture of the syn and anti hydrazones 
624~25. Thus, the -“P-Nh4R spectrum of 6a shows two absorptions at Sp 27.8 and 29.5 ppm, in which the 

high-field chemical shift corresponds to the syn-isomer. Likewise, the IH- and 13C-NMR spectra show well 

resolved doublets for the methylene proton and carbon of 6p; the proton absorptions of the syn isomer is 

Rt 
\ 

) R’+ 

R: 

)‘R2 Rz/N-NH2 R2 
RN,NH 0 

-- 

RJ- 

\ iR2 _ 

ii 

4R=Pb 
5 R = OEt 

6’ R = Ph 
7’ R = OEt 

Scheme 3 

QR=Ph 
7 R = OEt 

Table 2. P_Hydrazono Phosphine Oxides 6 and Phosphonates 7. 

Compound Rt RZ RJ R Yield (%)a synhnti ratiob m.p. (“C ) 

6a 

&!k ; 

Ph 89 24176 107-108 

“6: ;; ; 38162 15185 98-99 91-92 

6d Me H H Ph 72 46154 101-102 

6e Ph H H Ph 91 30/70 171-172 

7a Me Me H OEk 92 64136 oilc 

7b Ph H H OF% 92 43157 oile 

a Yield of i&&d w&J produa bswai ratio by 31P-NMR assign. c P&ii by flash chromatography. 
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shifted to a lower field & 3.73 relative to that of the anti-isomer &J 3.34, while this latter isomer shows a 

downfield shiit absorption for the methylene carbon 6~ 41.3 relative to that observed for the syn-isomer k 

33.7 ppm. Similarly, the alIene derived from phosphonate ester 5 reacts with hydrazines and gives, after short 
flash column chromatography, ~functionslized phosphonates 7 in very high yield. 

Carbanions derived from hydrazones ate especially useful in organic synthesist taking into account: the 
reactivity of the intermediate azaallyl anions, the control over stereochemistry of electrophilic substitution step 
afforded by the nitrogen substituent, and the considerable control of mgiochemistry which can be mached using 

hydrazones. 

1. Base MM .N 
N 

2. R’X R’ 

3. A20 
R2P=O 

6R=Ph 8R=Ph 
7R=OEt 9R=OP 

Scheme 4 

Table 3. &Functional&d Hydrazones 8 and 9 obtained. 

Compound R3 R4 R m.p.(‘C) Yield(%)0 

8a H Me Ph 118-119 72 
8b H CH2-CH=CHz Ph 124-125 80 
SC H CH2-COOCHs Ph 84-85 83 

8d Me Me Ph oilb 79 

9a H I& OElt oilb 71 

a Yield of isolated canpounds from 6 and 7. b FWifii by fhsh-dmmatography. 

In our case, moreover. the presence of an anion stabilizing group such as phosphine oxide 6 or 
phosphonate 7 could control the deprotonation at the internal less-substituted carbon. Thus, when B- 

phosphorylated hydrazones 6 and 7 were treated with lithium dilsopropylsmide (LOA) followed by addition of 

alkyl halides and aqueous work-up, substituted compounds 8 and 9 were obtained (Scheme 4, Table 3). 

3.6 andz 

As we had proposed in Scheme 1, phosphorus compounds could be suitable to efficiently achieve the 
homologation of hydrazones into their vinylogous compounds. Thus, achiral and chiral phosphonium salts 3 
were treated with a base followed by Wittig reaction of the phosphorane 10 with aliphatic. heteroaromatic and 
aromatic aldehydes (Scheme 5) leading to 1-azadienes 1 with high E stereoselectivity of the carbon-carbon 
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double bond in excellent yield (Table 4), after aqueous work-up and flash- chromatography. nButhy1 lithium 
was the initial base chosen for the “in situ” generation of phosphorane 10. although owing to the pardaIly 
stabilised nature of this phosphorane, a weaker base such as potassium carbonate would suffice. The use of this 
base requires no special precautions and provides excellent yields (Scheme 5, Table 4). The struct.ums of 
products 1 were ascertained on the basis of their spectroscopic data, which indicate that they am isolated as the 
syn- and u&-isomers. Vicinal 3HH coupling constants in the range of 16-17 Hz. between the vinylic protons of 
1 ate consistent with the E configuration of the carbon-carbon double bond. Therefom, this procedure is highly 
stemoselective affording exclusively the E steteoisomer. 

Wittig reaction of phosphoranes 10 generated “in situ” from phosphonium salts 3 and simple ketones 
fails, probably due to the partially stabilized character of these phosphoranes 10. With these results in mind, we 
attempted to extend this methology for two carbon homologation of hydrazones. by using, instead of 
phosphonium salts 3, the corresponding P-functionalized phosphines oxides 6 and phosphonates 7. Thus, 

metalation of P-hydraxono phosphine oxides 6 and phosphonates 7 with methyl lithium or WA followed by 
the addition of aldehydes and ketones led to the formation of a&unsaturated hydrazones 1. While these 

oletination reactions by using 6 and 7 with aldchydcs gave similar yields (Table 4) to that obtained in the case 
of phosphoranes 10, these phosphorylated substrates 6 and 7 are especially useful for the elongation of 
ketones. It is noteworthy that the preparation of C-a-substituted hydraxones lq. lr and 1s does not require the 

isolation and purification of the phosphine oxides 8a and 8b or the phosphonate 9a They can be obtained in a 
“one pot” reaction from 6 and 7 when these compounds are directly metallated in THF with subsequent 

addition of alkyl halide, a second equivalent of base, aldehydes and aqueous work-up, respectively. 

II Base ) R3% ::c=o_ 

R6 

R’ 

1 

+ 
10 @ = PPh3 

11 @ = POPb* 

12 @ = PO(OEth 

Scheme 5 
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Compounda R2 R3 RJ R6 Yield.(%) 

H H 
H H 
H H 
H H 
H H 

H H 
H H 
H H 
H H 
H H 
Me H 
H H 
H H 
H H 
H H 
H H 
H Ma 
H CH2=CH-CH2- 

H 
H 
H 
H 
H 
H 
Ph 

Me 
H 
H 
H 
H 

p-02N-Ph 9@’ 
Me-CH=CH 84n 

Ph 82b 
88’ m 72d 
8lb 

Ph-CH&Ha 90’ 
(CH3)2-CH-CH2 82b 

p-MePh 88” 
pMe”Ph 75b 
Et9C 8ob 

p-Me-Ph 85e 
Ph W 

CH2ls - W 
“BU 68c 
Ph 93c 

p-Meo-ph 740 
p-n&G% 92e 66e 
p-MePh 72e 57c 

M~Q H Me H p-MeO-Ph 78 6J@ 

Finally, this strategy used for tbe preparation of u$-unsaturated hydrazones can also be applied for five 
mern~~d heterocycle fo~ation when iV-aryl hy~~es 6e are used. In such subsidy, one or both 
nitrogen atoms of functionalized hydrazones can be used for the cyclisation. Acyclic a&unsaturated 
compound 13 is formed by deprotonation of both the N-H and the mom substituted u-carbon of the starting IV- 
phenyl hydrazone 6a with two equivalents of a strong base like &DA followed by addition of ptolyl buys 
aud work-up. Heating 13 at 1OOoC in tohrene causes intramok.cular Michael addition and gives pyrazole 15. 
However, when diphenyl ketone reacts with the dianion from phospho~~a~ hydrazone ik, 1-azadiene X3 is 
not isolated and pyrazoline 14 is aid diitiy instead (Scheme 6)” 
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15 

Scheme 6 

14 

In conclusion, P-functionalized phosphonium salts 3, phosphine oxides 6 and phosphonates 7 described 

here am easily synthesized intermediates which can be used for an effective, versatile and high yielding 
synthesis of c#-unsatumted hydrazones and five membered heterocycles. 
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EXPERIMENTAL SECTION 

General. Melting points were determined with a Bucbi SPM-20 apparatus and are uncorrected. Analytical TLC was 
performed on 0.25mm silica gel plates (Merck). Visualization was accompiisbed by UV light and iodine. Solvents for extraction 
and wy were technical grade and diptilled fmm the indicated dryiag agents: CH2Cl2 (P205); Hexane and dietbyi ether 
(sodium beoxopbenone ketyi); etbyi acetate fK2CO3). Ali solvents used in reactions were freshly distiiied from appropriate drying 
agents before use: THF (sodium benzopbenone ketyi); DMF fCuH2); CHCf3 (P205). Aii other reagents were rccystaiiizd or 
distiiied as necessary. Column (fiasb) cbmmatograpby was canied out on siiica gel (Merck, 70-230 mesh). Mass spectra were. 
obtained on a Hewiett Packard 5890 specmnneter. hfrared spectra were taken on a Niiiet IRFT Magna 550 spectrometer. IH-MUR 
spectra were recorded OII a Bruker 250 MHz spectrometer usiog te~ramed~ylsiiane (0.00 ppm) or chloroform (7.26 ppm) as an 
intemai referena? in CDCI3 solutions. 13C-NMR spectra were recorded at 75 MHz with chloroform (77.0 ppm) as aa internal 
reference in CDCl3 solutions. 3lP-NhfR spectra were nxofded at 120 MHz with 85% phosphoric acid as an external mference. 
Elemental analyses were performed in a Perkin Elmer Model 240 instrument. Cbemicai sbifs are given in ppm (6); multiplicities 
are indicated by s (singlet). d (dobiet). dd (doubie-doubiet), t (triplet) q (quadmpiet) or m (muitipiet). Coupling constaut% J, are 
reportedinb~.Infrared~tra(IR)wereobtaineda9neatliquids,orassolidsinKBr.~arereportedinan~1.Massspec~ 
(RI) were obtained with a ionixation voltage of 70 eV. Data are reported iu tbe form m/z (intensity relative to base = 100). Aii 
reactionswereperformedinoven(125oc)orflame-driedglasswareunderanin~atmospbereofdryN2. 

The following compounds were prepared by Literature methods: 1,2-propadienyidipbenyipbospbine oxide26, 1.2- 
butadienyidipbenylpbospbine oxi& and dietbyll,2-propadienyipbos@mate2’5. 

General Procedure for the Preparation of tbe p-Rydrazinoprop-l-enylpbosphonium Bromides 3. A dry 
tlask, IOO-mL, 3-necked, fitted with a reflux condenser, gas inlet, dropping funnel, and magnetic stirrer, was charged 1.9 g (5 
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mmol) of popargyitripbenyipkk3pkmium bromide 2, 0.83 mL (6 mmoi) of triethyiamiue and 30 mL. of CNCf3. A solution (5 
mmol)ofhydrazhKand20mLofCHC1~wafaddedover10min.TbemixhaewasstirredaodrenuxedlmtilTLC~Ibe 
disappearance of the phosphonium sait (1 day to 3 days). The mixture was diluted with 50 mL water and extracted with CH2CZ.2 (3 
x 25 mL). l%e CH2Cl2 layers were washed witb water. The combined organic layers were dried over MgSO4. fiiten% and 
amceonared me crude fcoduct was ptuifii by mcrysm (CNCl3 I ethyl &Xmte). 

Z- sad E-p-dhnethylbydrsriao prop-1-enyipbosphoatum bromide @a). 1936 mg (88 96) of 39 as a yeiiow 
solid. Data fur 3az mp 216-217 “C (dec.); I?I-NMR (250 MHz) 1.75 and 2.07 (s. 3H, R- and Z-CH3), 2.32 and 2.72 (s, 6H, Z and 
E-CH3N), 3.58 (d 1H. 2Jp~ = 19 Hz, Z-CH), 4.61 (d, iH, 2JpN= 18 Hz, E-CH), 7.39-7.75 (m, 15H, atom), 9.72 and 10.01 (s, 
lH, Z- and E-NH); J3C-NMR (75 MHz) 19.2 (d, 3JPC = 4.9 Hz, E-CH3). 22.0 (d, 3JPC = 15.4 Hz, ZCH3). 45.8 and 46.0 (E- 
and ZCH3N), 53.5 (d, IJpc = 123 Hz, Z-CH), 54.5 (d, IJpc = 117 Hz, E-CH), 122.8-133.8 (Carom), 164.2 and 164.4 (E- and 
Z-C-N); 31P-NMR (120 MHz) 11.8 (Zisomer), 17.4 (E-isomer); IR (KBr) 3402,3117,2968,2950.1099; MS (70 eV) 360 (?vf+- 
HBr, 5). Anai. Caicd for C23H26N2PBr (440.10): C. 62.71; H, 5.95 N, 6.36. Found: C, 62.52; H. 5.97; N, 6.34. 

Z-p-methylhydraxino prop-l-enyiphosphonbtm bromide (3b). 1939 mg (91 %) of 3b as a yellow solid. Data 
for 3b: mp 134-135 “C (dec.); JH-NMR (250 MHz) 2.16 (s, 3H. CH3). 3.38 (s, 3H. CH3N). 3.51 (d, iH, 2JpN = 22.4 Hz, CH). 
4.40 (s, lH, NH). 7.39-7.63 (m. 16H, room and NH), * JJC-NMR (75 MHz) 23.3 (d, JJPC = 14.6 Hz, CH3). 42.8 (CH3N), 58.7 
(d lJpc = 120.7 Hz, CH), 128.4-133.8 (Carom), 166.3 (C-N); 3lP-NMR (128 MHz) 14.1; 1R (ERr) 3435, 3203, 3111, 1656, 
1550,143O.llOl; MS (70 eV) 346 (M+- HBr. 6). Anal. Caicd. for f&H24N2PBr (426.09): C, 61% H, 5.@, N, 6.57. Found 
C, 61.72; H, 5.69; N, 6.59. 

Z- and E-B-phenyihydrazino prop-1-enyiphosphoniam bromide (3s). 1708 mg (70 96) of 3c as a yellow solid. 
Data for k: mp 188-190 OC (dec.); IH-NMR (250 MHz) 1.66 and 2.03 (s, 3H, E- and ZCH3), 3.90 (d, lH, 2Jp~ = 21.4 Hz, Z 
CH), 4.81 (s, lH, NH), 5.00 (d, iH, 2Jp~ = 14.3 Hz, E-CH), 5.35 (s, lH, NH), 7.19-7.73 (m, 2OH, arom); 13C-NMR (75 MHz) 
21.5 (d, 3Jpc = 5.4 Hz, E-CH3), 24.3 (d, 3JpC = 14 Hz, ZCH3), 63.0 (d, IJpc = 118.4 Hz, CH), 122.5-144.4 (C-aromU65.7 
(C-N); 31P-NMR (120 MHz) 15.3 (Zisomer), 16.9 (E-isomer); IR (KBr) 3237,3059,1532, 1440, 1104, MS (70 eV) 408 (M+- 
HBr, 12). Anai. C&d for C27H26H2PBr (488.10): C, 66.38; H, 5.37; N, 5.74. Found C, 66.56: H, 5.35; N, 5.72. 

E-fl-N-(S)-(-)-2-metboxymathylpyrroiidineamino prop-1-enylphosphonium bromide (3d). 2168 mg (85 
%) of 3d as a yellow solid. Data for 3d: mp 159-160 “C 6%~); JH-NMR (250 MHz) 1.1X-2.17 (m, 6H, ring CH2), 1.75 (s, 3H, 
CH3). 3.11-3.68 (m, 3H, CH20 and CH). 3.16 (s, 3H, OCH3), 4.84 (d, iH, 2Jp~ = 18.2 Hz, CH), 7.41-7.67 (m, 15H, arom), 
9.68 (s, 1H. NH); 13C-NMR (75 MHz) 18.8 (d, 3JpC = 5.1 Hz, CH3). 20.7 (ring CH2), 24.7 (ring CH2). 52.9 (Q lJpc = 60.7 
Hz, CH), 53.9 (ring CH2). 58.3 (OCH3). 64.1 (CH), 72.9 (CH20), 122.5-133.1 (Carom), 164.5 (C-N); 3lP-NMR (120 MHz) 
17.5; IR (KBr) 3510.3370,3180,3040,1567,1442; MS (70 ev) 430 (M+- HBr. 3). Anai. Calcd. for C27H32N2OPBr (510.14): 
C, 63.51; H, 6.32; N, 5.49. Found: C, 63.65; H, 6.31; N, 5.47. 

E-p-N-(R)-(+)-2-methoxymethylpyrroiidineamino prop-1-enylphosphonium bromide (Je). 2015 mg (79 
%) of 3e as a yellow solid. Data for 3e: mp 159-160 T @cc.); IH-NMR (250 MHz) 1.69-2.20 (m. 6H, ring CH2), 1.80 (s, 3H, 
CH3). 3.14-3.51 (m, 3H, CH20 and CH), 3.19 (s, 3H, OCH3), 4.87 (d, 1H. 2Jp~= 18.3 Hz, CH), 7.56-7.84 (m, 15H, arom), 
9.79 (s. 1H. NH); 13C-NMR (75 MHZ) 19.5 (d, 3JpC = 5.2 Hz, CH3). 21.4 (ring CH2). 25.3 (ring CH2), 52.7 (a, IJpc = 61.5 
Hz, CH), 52.7 (ring CH2). 54.6 (OCH3). 59.0 (CH), 73.5 (CH20), 123.2-133.8 (Carom), 165.2 (C-N); 31P-NMR (120 MHz) 

17.6; JR (RRr) 3500,337O. 3178,3037,1565.1440; MS (70 eV) 431 (I@- Br, 100). Anai. Cal& for C27H32N20PBr (510.14): 
C, 63.51; H, 6.32; N, 5.49. Found: C, 63.66; H, 6.30; N, 5.47. 

General Procedure for the Preparation of the B-Hydrazonoaityidipbeaylphosphine oxides 6, and 
diethyl @Hydraxonopropylphosphonates 7. A dry flask, 100~mL+, 3-necked, fitted with a reflux condenser, gas inlet, 
dropping funnel, and magnetic stirrer, was charged 1.2 g (5 mmoi) of ailenedipbenylplmsphine oxide 4 (II3 = H). or 1.27 g (5 
mmoi) of 1,2-butadienyidipbenyiphospfdne oxide 4 (R3 = CH3). or 0.88 g (5 mmol) of diethyi l,2propadieoyiphosphonate 5 (R3 
= H), and 30 mL of CHC13. A soiution (5 mmol) of hydrazine and 20 mL of CHCl3 was added over 10 min. The mtxture was 
stirred~d~fluxeduntil~indicated~disappeanmceofthepb~neoxideorpbospbonate(1dayto3days).~mixtllrewas 
amcenaated~tbecmdeproductwasplrifiedbyreaystallivltion@exane/ethyiacetate). 

Syn-and ontl-~-N,N-dimethyihydrazonopropyldiphenylphosphlne oxide (6u). 1336 mg (89 B) of 6a as a 
white solid. Data for 6a: mp 107-108 ‘C: JH-NMR (250 MHz) 2.08 and 2.09 (s, 3H, unri- and syn-CH3 ), 2.18 and 2.22 (s, 6H, 

anti- and syn-CHgH), 3.34 (d, 2H, 2Jp~ = 14.3 Hz, nnrXH2), 3.73 (d, 2H, 2Jp~ = 14.9 Hz, syn-CH2). 7.27-7.77 (m, 1OH. 
arom); 13C-NMR (75 MHZ) 18.6 and 24.2 (anti- and ryn-CH3). 33.7 (d, lJpc= 64 Hz, syd?H2), 41.3 (d, lJpc= 64.5 Hz. anri- 
CH2), 46.3 aud 46.6 (mli- and syn-CHgN), 127.9-133.1 (C-arom). 159.9 and 160.0 (at& ~IKI syn-C=N); 3lP-NMR (120 MHz) 



12736 F. PALACIOS et al. 

27.8 and 29.5 (syn- and anti-isomers); IR (KRr) 2943, 2881. 1438, 1189, MS (70 eV) 300 (I@. 6). Anal. C&d. for 
Cl7H2lN2OP (300.14): C. 67.97; H, 7.05; N. 9.33. Founds C, 68.14; H, 7.02, N, 9.31. 

Syn- and o~tr-8.N,N-dlmathylhydr~sonob~~ldiph~nylph~pbln~ oxide (6b). 1351 mg (86 %) of 6b as a 
white solid. Data for 6b: mp 98-99 Oc; IIf-NMR (250 MHz) 1.02-1.14 (m, 3H. syn- and ~li-CH3). 2.15 aud 2.21 (s, 6H, syn- 

and onh’-CH3N), 2.43-2.45 and 2.46-2.59 (m, ZH, unti- and syn-CH2(~t)), 3.37 (d, W, 2.l~~ = 14.5 Hz, syn-CHZ). 3.71 (d, 2Jp~ 
= 14.9 Hz, rWi-CHZ), 7.26-7.82 (m, lOH, arom), * 13C-NMR (75 MHz) 11.2 and 11.3 (atii- and syn-CHg), 24.6 aud 30.8 (anfi- 
and syn-CH2@, 32.3 (d, JJpc = 64.5 Hz. syn-CH2), 38.2 (d, IJpc = 64.8 Hz, anti-CH2). 46.9 and 47.3 (syn- and onricH3N). 
128.3-137.8 (C-morn), 165.8 and 165.9 (syn- and anti-C=N): 31P-NMR (120 MHz) 27.9 sod 29.8 (anti- aud syn-isomers); IR 
(KBr) 1704,1617,1435,1181; MS (70 eV) 314 &l+, 4). Anal. Calcd. for Cl8H23N2OP (314.16): C, 68.76; H, 7.38; N, 8.92. 
Found: C, 68.57: H. 7.39; N, 8.94. 

Syn- and anti-p-N-(S)-(-)-2-metboxymctbylpyrrolfdineimino propyldiphenylpboxpblne oxide (6~). 
1666 mg (90 96) of 6c as a white solid. Dara for 6c mp 91-92 “c, IH-NMR (250 MHz) 1.37-1.88 (m. 6H, ring CH2). 1.91 and 
1.92 (6. 3H. anti- and syn-CH3). 2.85-3.21 (m, 3H, CH20 and CH), 3.12 (s, 3H, OCH3). 3.27 (d, W. 2Jp~= 14.5 Hz. syn- 

CH2), 3.50 (d, ZH, 2JpN = 14.7 Hz, antiXH2), 7.27-7.74 (m, lOH, amm); 13C-NMR (75 MHz) 20.5 and 24.8 (anti- and syn- 

CH3X 22.3 and 22.5 (ring syn- and anti-CH2). 26.5 and 26.8 (ring syn- and ar~i-CH2). 34.8 (d, IJpc = 35.6 Hz, synCH2), 41.8 

(d IJpc = 35 HZ, anti-CH2), 54.3 and 54.4 (ring anti- and syn_CH2), 59.2 (syn- aad anti-OCH3). 66.1 awl 66.5 (syn- and anti- 
CH). 74.9 and 75.4 (syn- and anG-CH20). 128.3-133.4 (C-aram), 156.7 and 161.4 (anti- and syn-GN); 31P-NMR (120 MHZ) 

27.4 and 29.7 (syn- and anti-isomers); IR (KRr) 1636. 1591, 1553, 1122, MS (70 eV) 370 @I+. 100). Anal. C&d. for 
C2lH27N202P (370.18): C, 68.07; H, 7.35; N, 7.57. Foundz C. 68.26; H, 7.37; N, 7.54. 

Syn- mtd crrri-B-N-metbylbydrszonopropyldlph~nylph~phl~ oxide &I). 1030 mg (72 %) of 6d as a white 
solid. Data for tid: mp 101-102 “C; lH-NMR (250 MHz) 1.54 and 1.82 (s, 3H. anti- ml syn-CH3), 2.76 and 2.90 (s, 3H. syn- and 

anti-CH3NL 3.34 (d, 2H. 2Jp~ = 14 Hz, syn-CH2), 3.44 (d, ZH, 2Jp~ = 14.5 Hz, onti-CHZ). 4.60 (s, 1H. NH). 7.26-7.81 (m, 

lOH, amm); 13C-NMR (75 MHz) 15.9 and 25.3 (anti- and synCH3). 34.9 (d, lJpc= 64.5 Hz. syn-CH2). 37.9 and 38.1 (anti- and 
syn-CHgN). 41.4 (d, IJpc = 66.4 HZ, anti-CHZ), 128.4-133.5 (C-arom), 140.0 and 141.2 (syn- and a&&N); 3lP-NMR (12.0 

MHz) 29.7 and 31.2 (anti- and syn-isomers); 1R (KBr) 3263,2939,1664,1435, lln, MS (70 eVI 286 (I@. 32). Anal Cakd. for 
Cl6Hl9N20P (286.12): C, 67.10; H, 6.69; N. 9.79. Found: C, 66.96; H, 6.72; N, 9.76. 

Syn- and anti-p-N-phenylbydnzonopropyldiphenylphotphine oxide (6e). 1584 mg (91 %) of 6e as a white 
solid. Data for 6e: mp 171-172 “C, IH-NMR (250 MHz) 1.58 and 1.91 (s, 3H, anti- and sy+CHg), 3.38 (d, 2H, 2JpN = 14 Hz, 

syn-CH2), 3.42 (d, 2H, 2JpN = 14.7 Hz, anti-CH2). 6.73-7.79 (m, 15H, arom), 9.67 (s, lH, NH); %NMR (75 MHz) 16.3 and 
25.7 (anti- and syn-CH3). 35.9 (d, lJpc= 64.6 Hz, syn-CHz), 41.2 (d, lJpc= 662 Hz, anGCH2). 1129-132.5 (C-atom), 145.2 

and 146.9 (an& and syn-C=N); 3lP-NMR (120 MHz) 30.2 and 31.7 (syn- sod anti-isomers); 1R (KRr) 3256, 1604, 1506, 1439, 
1150; MS (70 eV) 348 (I@. 100). Anal. Cakd. for C2lH2lN2OP (348.14): C. 72.38; H, 6.08; N, 8.04. Found: C, 72.54; H, 
6.06; N. 8.06. 

SIR- and anti-dietbyl fi-N,N-dlmcthylhydrazonopropylphosphonate (7x). The crude product was purified by 
tlashchromatography (be= I dietbyl e&r, 1 I 1) to afford 1086 mg (92 %) of 7a as a yelow oil (Rf= 0.13. ethyl acetate.). DaU 

for 70: IH-NMR (250 MHz) 1.16-1.23 (m, 6H, syn- and urUi-CH3(& 1.74 and 1.81 (s, 3H. an?i- and syn-CHg), 2.12 and 2.16 

(s. 6H, anti- and syn-CHgN), 2.53 (d, W, 2JpN = 22.3 Hz, syn-CH2), 3.02 (d, 2H. 2JpN = 23.5 Hz, anti-CH2h 3.96-4.02 (m. 

4H, syn- and &fi-CH2@)); IjC-NMR (75 MHz) 16.0 and 16.1 (anti- and syrl-CHg@)), 17.8 and 23.6 (anti- and syn-CHg), 29.5 

(d, l~pc = 136 Hz, syn-CH2), 36.9 (d, l~pc = 134.3 Hz, an?i-CH2), 46.6 and 46.9 (utti- and synCH3N). 61.6 and 61.7 (anti- and 
syn-CH2@. 159.0 and 160.2 (Onri- and syncIN), * jlP-NMR (12.0 MHz) 24.1 and 25.2 (anfi- and syn-isomers); IR 1644,1453. 

1256, 1019; MS (70 eV) 236 (M+, 37). Anal. Calcd. for CgH2lN203P (236.13): C, 45.74; H. 8.96, N, 11.86. Found: C, 45.63; 
H, 8.99; N, 11.82. 

Syn- and srti-diethyl p-N-phenylbydraxonopropylpho6pbonate (7b). The crude product waa pu’ified by flash- 
chromatography @exane I dietbyl ether, I/ 1) to affotd 1307 mg (92 96) of 7b 88 a yelow ti (Rf= 0.51. ethyl acetate). Data for 
7bt IIf-NMR (250 MHZ) 1.26-1.38 (m, 6H, syn- and anti_CH3(Et)). 1.97 and 2.10 (s, 3H, anfi- and synCH3), 2.91 (d 2H, 2Jp~ 
= 21.7 Hz. @KHZ), 2.93 (d, W. 2JpH= 23 Hz, anfi-CHz), 4.05-4.19 (m, 4H, syn- and unti-C.H2(Et)), 6.76-7.34 (m JH, arom). 
8.50 (8, lH, NH); k-NMR (75 MHz) 15.5 and 25.1 (anti- and syn-CH3). 16.3 aud 16.4 (syn- and anWH3@t)). 30.5 (d lJpc= 
135.9 Hz, syn-CH2). 36.7 (d, IJPC= 136 HZ. OnriCHz), 62.Oa~d62.7 (anti- amdsyn-CH~(~t)). 112.1-129.0 (C-ru~m); 145.6and 

146.5 (anti- and syn-C=N); 31P-NMR (120 MHZ) 24.7 and 25.8 (at& and ~yn-isomers); 1R 3281,1608.1498,1241.102& MS 
(70 eV) 284 (M+. 100). Anal. Cakd. for Cl3H2lN203P (284.13): C. 54.90; H, 7.45; N. 9.86. Found: C. 54.71: H. 7.43; N, 
9.88. 
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General Procedure for the C-aikylation of fi-Hydrazonoaikyidipbenyiphosphlne oxides 6 and diethyi 
B-hydruowpropyipboephollstea 7. A dry flask. iOO-I& 2-ncckcd, fitted with a droppiig funnel, gas ink& and magn& 
s&l?& ~cZIlPtgedSadmdof~~~(~~aabDSgiLdT~~.~~ WSJ&W&lo&SLW&ID-7g 
“C and 8 solution 1.5 g (5 mmoi) of B-N.N-dimethyihydmzonopmpyk@i~enyiphophine oxide 6a. or 1.6 g (5 mmoi) of $-N,N- 
dimetbyihydmzoaobutyidiphenyi~ oxide 6h, or 1.2 g (5 mmoi) of diethyi ~-N,Ndimetbylh~ Ypaospbonate7a 
~~~ofTHF~meOaddeb.The~~wasallowed~sslirfal h. Asoioti~Smmolof&y~haii&ia IOmLofTHF 
w~addsdat-7S0C.Themix~~pcirredumtil~~tbedigappearanaeof-~sb6bor~=(3hto2days).The 
mixtme was diluted with 50 mL water and extracted with m2a2.llte CH2Cl2 layers were washed with water. Ibe organic layers 
were dried over MgS@, tiik?-cd, and amcenInWd. The cnxlc podoa wss pod&l by rpaystaliiratioa ftum CIi2@ I bcxaoc or by 
tlasb-&omztograpby (hexauc I die&y1 ether, 1 I 1). 

a-Metbyi-~-N,N-dimcthyibydrazoaopropyidiphenyipb~phine oxide @a). 1131 mg (72 %) of 8a as white 
solid. Data for Sa: mp 118-119 ‘C; I?i-NMR (250 MHz) 1.37 (dd, 3H, 3J~~ = 7.3 Hz. 3Jpjf= 15.9 Hz, CH3). 2.00 (s. 3H, 
CH3). 2.12 (s, 6H, CH3N). 3.46-3.52 (m. iH, CH), 7.26-7.86 (m. lOH, arom); 13C-NMR (75 MHz) 11.2 (CH3). 15.3 (CH3). 
43.9 (d, IJpC = 65.7 Hz, CH). 46.5 (CH3N). 128.1-131.6 (C-arom), 165.6 (C=N); 31P-NMR (120 MHz) 32.2; IR (KBr) 2973, 

2848, 1440, 1203; MS (70 eV) 314 (hi+, 9). Anal. Calccl for Cl8H23N2OP (314.16): C, 68.76; H, 7.38; N, 8.91. Fouodz C, 
68.54; H, 7.40; N, 8.88. 

a-Aiiyi-~-N,N-diwthyihydrazoaopropyidiphenyiph~phine oxide (Sb). 1361 mg (80 96) of 8b as white 
solid. Data fa 8b: mp 124-125 “C; IH-NMR (250 MHz) 2.01 (s, 3H. CH3), 2.15 (s, 6H. CH3N). 2.23-2.46 (ni, lH, CHZ). 2.73- 
2.87 (m, lH, CH2). 3.46-3.56 (m, iH, CH), 4.94-5.06 (III. 2H. H2C=). 5.56-5.69 (ui, IH, =CH), 7.s7.91 (m. lOH, arom); 
13C-NMR (75 MHz) 15.9 (CH3), 29.6 (CH2). 46.6 (CH3N). 49.3 (d, lJpC= 64.5 Hz, CH), 116.9 (H2C=), 128.1-131.7 (C- 
arom), 134.5 (d, 3JpC=14.5 Hz, =CH), 164.1(o); 3lP-NMR (120 MHz) 31.3; IR (KRr) 2967,2861,1440,1177; MS (70 eV) 

340 @I+, 2). Anal. C&d. for C20H25N2OP (340.17): C, 70.55; H, 7.41; N, 8.23. Found: C. 70.28; H. 7.43; N, 8.21. 

a-Methoxycarbonyimetbyi-~-N,N-dimethyihydrazonopropyid~phenyiphospblne oxide (&). 1544 mg (83 
%) of 8e as white solii. Data for 8e: mp 84-85 ‘C, IH-NMR (250 MHz) 1.98 (s, 3H. CH3). 2.19 (s, 6H. CH3N), 2.57-2.68 (m, 

iH, CH2). 3.04-3.49 (m. iH, CH2). 3.58 (s. 3H. OCH3). 3.62-3.91 (m, 1H. CH). 7.26-7.86 (m. lOH, arom); l3C-NMR (75 
MHz) 17.0 (CH3). 31.5 (CHZ). 46.5 (d, lJpC= 64.5 Hz. CH). 46.5 (CIQN), 51.8 (OCH3). 127.6132.1 (C-arom), 162.7 (CkN), 

171.4 (d, 3JpC = 17.8 Hz, c-0)); 31P-NMR (120 MHz) 31.1; IR (KBr) 2973,2861,1756, 1446,1190, MS (70 eV) 372 (M+. 9). 
AnaL C&d. for C20H25N203P (372.16): C. 64.49; H. 6.77; N. 7.52. Found: C, 64.62; H, 6.75; N, 7.50. 

a-Methyi-~-N,N-dimethyihydnzonobutyidlphenyiphosphine oxide @I).1296 mg (79 46) of sd as a yeiow oii 
(Rf= 0.51. acetone). Data for 8d: IH-NMR (250 MHz) 0.84-1.05 (m, 3H, CH3@, 1.29-1.44 (m, 3H, CH3), 2.26 (s, 6H, 
CH3N). 2.36-2.55 (m, 2H, CH2), 3.47-3.62 (m, 1H. CH). 7.26-7.79 (m. lOH, arom); 13C-NMR (75 MHz) 7.3 (CH3), il.2 
(CH3). 26.7 (CH2). 43.1 (d, lJpC = 66 Hz. CH). 47.3 (CH3N). 128.0-132.9 (C-arom), 169.9 (f&N); SIP-NMR (120 MHz) 313; 
IR (KBr) 1702, 1438, 1187, 1118; MS (70 eV) 328 (M+, 14). Anal. C&d for ClgH25N2OP (328.17): C, 69.48; H, 7.68, N, 
8.53. Found: C. 69.66, H, 7.65; N, 8.51. 

a-Methyl diethyi p-N,N-dimethyihydrazonopropyiphosphonate (9a). 888 mg (71 %) of 9a BS a yeiow oil (Rf 

= 0.49, acetone). Data for 9a: IH-NMR (250 MHz) 1.17-1.36 (m, 9H, CH3 aud CH3(&)). 1.98 (s, 3H. CH3), 2.39 (s. 6H, 
CH3N), 2.83-2.94 (m, iH, CH), 3.984.12 (m, 4H. CH2); 13C-NMR (75 MHz) 12.2 (CH3). 15.3 (CH3), 16.2 (CH3@, 41.4 
(d, lJpC = 134 Hz, CH), 46.6 (CH3N), 61.9 (CH2). 164.0 (C=N); 31P-NMR (120 MHz) 28.7; IR 1637, 1453.1392, lOso; MS 

(70 ev) 250 (M+, 34). Anal. Calcd. for ClOH23N203P (250.15): C. 47.97; H, 9.22 N. 11.20. Found: C. 47.88; H, 9a, N, 
11.23. 

General Procedure for the Preparation of the a.WJnsaturated Evdrazones 1 from Functionaiized 
Yiides 10. A dry tlask, lOO-mL, 2-ue&e4J, t&d witb a droppiagknuei. gas iulet, and-maguetic siiner, was charged 5 mmol of 
B-euehydmziuo phospbouium salt 3 aud 0.69 g (5 mmoi) of potassium c&onate (K2CO3)aud4OmLof DhfF.'Ihemixtmwas 
&lowedtostirforihatmom tempenullre.Thenasdution5mmold~~inlOmLofDMFwasaddedatroom~~. 
‘Ibemix~wasstirreduntilTU:indicatedtbtdisappearamroftbealdehyde(ldayto5days).TbemhrMewasdilutedwithM 
mL water and extracted with die&y1 ether. The diethyi ether layer was washed with water. The organic layers were dried over 
MgSOd, fiitemd, and umcentmkd. The cmde ixoduct was pnitied by -gmPhy. 

p-Nitrophenyibmten-3-one N,N-dbnethyihydrazone (la). 1049 mg (90 %) of la as a red oii (Rf = 0.15, hexaue). 

Dataforla: IH-NMR (25OMHz)2.12and2.13 (s, 3H, anti-and syn-CH3).2.49atd2.57(s,6H,syn-aud a&CH3N),6.93@, 
1H. 3JHH= 16.4 Hz, =CH). 7.49-8.16 (m. 5H, arom zmd HC=); 13C-NMR (75 MHz) 13.6 aad 2002 (unti- and syn-CHj), 47.1 and 
48.1 (anti- and syn-CHgN), 123.8-147.3 (C-arom, syn- and mWZ=C). 160.0 sod 160.1 (anti- and syn-C=N); IR 2952.2857.1597, 
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1518, 1342; MS (70ev) 233 @I+. 100). Anal. C&d. forCl2Hl5N302 (233.12): C, 61.77; H, 6.48; N. 18.02. Fou& C. 62.00; 
H, 6.47; N, 18.08. 

2,4-Hcptadlen-6-one N,N-dlmetbylbydrazone (lb). 639 mg (84 %) of lb zs a yelow oil (Rf= 0.21, hexzne I 
diethyl ether. 10 I 1). Data for lb: IIf-NMR (250 MHz) 1.75 (t, 3H, 3J~~ = 6.4 Hz, CH3). 1.99 (s, 3H. CH3). 2.42 and 2.45 (s, 
6H, syn- and Mti-CHgN), 5.72-6.72 (m, 4H, HC=CH-CH=CH); I3C-NMR (75 MHz) 13.3 and 20.2 (anti- and syn-CH3). 18.4 
(CH3). 47.3 and 47.9 (anti- and syn-CH3N). 121.4-136.9 (HC=CH-CH=CH), 161.0 and 162.1 (syn- aud unti-C=N); IR 2967. 

1446.1269,1104,1025; MS (70 ev) 152 (M+. 17). Anal. C&d. for C9H@J2 (152.13): C, 70.99, H. 10.60, N, 18.41. Foandz 
C, 70.94; H. 10.56; N, 18.39. 

Phenylbuten-J-one N,N-dimethylhydr~ne (1~). 771 mg (82 %) of lc zs a yelow oil (Rf = 0.19, bexane / diethyl 
ether. 10 I 1). Data for lc: IIf-NMR (250 MHZ) 2.17 and 2.18 (s, 38 anti- and syn-CH3). 2.54 end 2.57 (s, 6H. syn- and anti- 
CH3N). 6.88-7.47 (m, 6H, arom and HO=). 7.47 (d, 1H. ~JHH= 16.5 Hz, =CH); I3C-NMR (75 MHz) 13.3 and 20.2 (anti- and 
p-CH3). 47.1 ad 47.8 (mi- amd syn-CH3N). 124X1-136.2 (Carom, syn- and anti-t&C), 161.0 and 162.2 (syn- and Mti-C=N); 

IR 2949, 2847. 1578. 1450; MS (70 eV) 188 (I@, 100). Anal Calcd. for Cl2Hl6N2 (188.13): C. 76.54; H, 8.57; N, 14.88. 
Found: C, 76.72; H, 8.60; N, 14.90. 

p-Tolylbnten-3-one N,N-dimethylhydrazone (la). 819 mg (81 %) of Id zs z yelow oil (Rf = 0.17, hexane). Data 

for Id: IN-NMR (250 MHz) 2.17 rmd 2.18 (s, 3H, anti- and syn-CH3). 2.33 (s, 3H, CHg-amm), 2.53 and 2.56 (s, 6H. syn- and 

unti-CH3Nh 6.86 (d lH, 3JHH = 16.5 Hz, =CH). 6.89-7.46 (m, 5H. arom end HC=); 13C-NMR (75 MHz) 13.4 and 20.4 (anti- 
aud synCH3), 21.3 (CHj-erom), 47.3 and 48.1 (ai- and syn-CWjN), 119.4-139.1 (C-arom, q-and anti-C=C). 161.4 end 162.7 

(syn- and anti-C=N); IR 2950.2855, 1618, 1580, 1518.1460, MS (70 eV) 202 (M+, 74). Anal C&d. for C13HlgN2 (202.15): 
C, 77.17; H, 8.97; N. 13.85. Found: C. 76.91; H, 9.01; N, 13.89. 

4-Methylfurfurylbuten-j-one N,N-dimetbylhydnzone (le). 778 mg (81 96) of le zs z yelow oil (Rf = 0.18. 

hexane I diethyl ether, 10 I 1). Data for It: IH-NMR (250 MHz) 2.08 and 2.09 (s, 3H, anti- and syn-CHg), 2.25 and 2.30 (s, 3H, 

wUi- md ~yn-CHg-Het), 2.51 and 2.52 (s, 6H, syn- and anricH3N), 7.20 (d, lH, 3J~I# = 16.4 Hz, =CH), 5.94-7.16 (m, 3H, =CH- 

CH= and HC=); 13C-NMR (75 MHZ) 12.9 and 19.8 (anti- sod syn-CHg), 13.5 and 13.6 (anti- and syn-CHg-Het), 47.1 and 47.8 
(anti- and QwCH~N), 107.9-153.6 (C=CH-CH=C and syn- and anti-C=C). 160.8 and 161.9 (syn- and nnti_czN); IR 2947.2848. 
1629,1585,14541365; MS (70 eV) 192 (M+, 78). Anal. Calcd. for CllH@I20 (192.13): C, 68.70; H. 8.39; N, 14.58. Found: 
C, 68.49; H, 8.36; N, 14.54. 

Phenyl-3-hexen-J-one N,N-dimetbylhydrszone (II). 984 mg (91 %) of lf as z yelow oil (Rf = 0.15, hexane). 

Data for 1E IH-NMR (250 MHz) 2.07 (s, 3H, CH3), 2.47 and 2.54 (s, 6H, syn- and anti-CH3N). 2.46-2.80 (m. SH, CH2). 6.83 
(d 1H. 3JHH = 16.1 Hz. =CH), 6XL7.30 (m, 6H. arom and HC=); 13C-NMR (75 MHz) 13.4 and 20.4 (ati- and syn-CH3). 34.7- 
35.3 (CH2). 47.3 and 47.8 (unti- and spCH~, 123.7-142.0 (C-amm, syn- and utti-C=C), 161.4 and 163.0 (syn- and Mti-C=N); 
IR 2945,2850,1645,1607, 1588,1500,1456, 1367; MS (70 eV) 216 (I!@, 43). Anal. C&d. for Cl4H20N2 (216.16): C, 77.72; 
H, 9.32; N, 12.96. Found: C, 77.97; H, 9.36; N, 12.91. 

6-Methyl-3-hepten-2-one N,N-dimethylhydrazone (lg). 689 mg (82 %) of lg zs z yelow oil (Rf = 0.16, 

hexane). Dam for lg: IH-NMR (250 MHz) 0.84490 (m. 6H, CH3), 1.59-1.70 (m, lH, CH). 1.97-2.04 (m. 5H, CH3 and CHZ). 

2.45 (s, 6H, CH3N). 6.06-6.16 (m, 1H. HC=), 6.70 (d, lH, 3J~~= 16.1 Hz, =CH); ‘-?C-NMR (75 MHz) 13.1 and 20.3 (anti- and 
syn-CH3). 22.3 (CH3), 28.2 0-l). 42.1 (CH2). 47.1 and 47.6 (anti- awl syn-CH3N). 124.0 and 132.6 (syn- and anti-HC=), 135.9 
and 138.7 (anti- and syn-=CH), 161.2 and 162.8 (syn- and anti-C=N); IR 2060,2868, 1663, 1591.1466, 1366; MS (70 eV) 168 
@I+, 100). Anal. Calcd. for Cl0H20N2 (168.16): C, 71.36; H, 11.98; N, 16.65. Found: C. 71.58; H, 11.97; N, 16.63. 

p-Tolylbuten-3-one N,N-(S)-(-)-2-methoxymethylpirrolidinehydrazone (lh). 1198 mg (88 96) of lb zs a 
yelow oil (Rf= 0.18. hexane). Data for lb: IH-NMR (250 MHz) 1.64-2.71 (m, 6H, ring CHZ), 2.10 and 2.11 (s, 3H. anti-and 
syn-CHg), 2.32 (s, 3H. CHj-arom), 3.31-3.55 (m, 3H. CH20 and CH), 3.36 (s, 3H, OCH3), 6.88 (d, lH, 3JI$H = 16.5 Hz, 

=CH), 6.73-7.42 (m, 5H, arom and HC=); 13C-NMR (75 MHz) 14.8 and 20.5 (anti- and syn-CH3). 21.3 (ring CH2), 23.0 (CH3- 
arom), 27.1 (ring CH2). 55.4 (ring CH2), 59.2 (OCH3), 66.8 (Cl-I). 75.7 (CH20). 120.9-138.8 (C-arom, syn-and anti-C=C), 
158.0 and 158.3 (syn- and anti-C=N); IR 2974, 2872, 1621, 1521, 1452, 1108; MS (70 eV) 272 (M+, 21). Anal. Calcd. for 
C17H24N2O (272.19): C, 74.95: H, 8.89; N, 10.29. Found: C, 75.22; H, 8.86; N, 10.26. 

p-Tolylbaten-3-one N,N-(R)-(+)-2.methoxymethylplrrolidinehydrazone (li). 1020 mg (75 %) of II as a 
yelow oil (Rfr: 0.20, hexane I diethyl ether, 10 I 1). Data for li: IH-NMR (250 MHz) 1.80-2.54 (m, 6H, ring CH2), 2.10 (s, 3H. 
CH3). 2.32 (s. 3H, CH3-a~xn), 3.28-3.53 (m. 3H, CH20 and CH), 3.36 (s, 3H. OCH3). 6.88 (d, lH, 3JH,y= 16.5 Hz, =CH). 
6.81-7.36 (m, 5H, arom aad HC=); 13C-NMR (75 MHz) 14.8 (CH3). 21.3 (ring CH2), 23.0 (CH3-zmm), 27.1 (ring CH2). 55.3 
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(ring CH2Iv59.2 (0cH3), 66.8 (Cl%), 75.7 (CH20), 126.7-137.9 (C-amm and GC), 158.3 (C=N); IR 2973,2872, 1618,1519, 

1452,1107; MS (70 eV) 272 (M+. 3). Anal. C&d. for C17H24N2O (272.19): C, 74.95; H, 8.89; N, 10.29. Foun& C, 75.13; H, 
8.87; N. 10.27. 

Ethyl-4-dimetbylbydra~no-e-2-pcnteacut (lJ). 736 mg (80 %) of 1J as B yelow oil (Rf = 0.21, hexane I dicthyl 
ether, 10 11). Data for 1J: Iti-NMR (250 MHZ) 1.24 (t, 3H, 3Jff~ = 7.1 Hz+, CH3wt)). 2.00 (s, 3H, CH3). 2.61 (s, 6H, CH3N). 
4.16 (q,2H, 3JHH = 7.1 Hz. OCHZ). 6M (d, lH, 3J~~ = 16 Hz, HG), 7.24 (d, 1H. -IJHw = 16 Hz, =CH); 13C-NMR (75 MHz) 
13.5 (CH3(Et)). 13.6 (CH3). 46.6 (CH3N), 59.8 (OCH2). 120.9 (HG), 145.2 (=CH), 155.8 (GN). 165.6 (GO); IR 2960.2868, 

1723.1637.1473.1262; MS (70 eV) 184 (I@. 23). Anal. Caicd. for CgHl$lr202 (184.12): C, 58.66; H, 8.76; N, 15.21. Fouudz 
C, 58.78; H, 8.73: N, 15.16. 

General Procedure for the Preparation of tke a&Unseturated Eydrszones 1 from Functionalized 
Phospbine Oxides 8 (6). or from pkosphonatea 9 (7). A dry flask, lOO-mL. Zncckcd, fitted with a droppiug funnel, gas 
inlet, and magnetic stirrer, was charged 5 mmol of metbyl lithium or 5 mmol of Lithium diisopropylamide @A) and 40 mL of 
THF.~Thetempaaturewasallowedtodesccodto-78oCandasoluti~5mmolofcompolmds6,7.8or9in40mLofTHFwas 
tbenedded.~mixturewasallowedtostiratthistempaatmeforlh.Asdotion5mmolofcarbonylcompound(aldehy~or 
ketones) in 10 mL of THF was added at -78 “C. ‘fbe mixture was stirred until TLC indicated the disappearauce of the carbonyl 
compound (14 h to 3 days). The mixtme was diluted with 50 mL water and extracted with CH2Cl2. The CH2C12 layers were 
washed witJ~ water. The organic layers were dried over MgSOq, fllte&, and amcemmted. lbe crude product was puriiied by tlasb- 

CbromatograpbY. 

p-Tolylpenten-J-one N,N-dimethylhydnzone (lk). 919 mg (85 %) of lk as a yelow oil (Rf = 0.17, hexane). 

Data for lk: IH-NMR (250 MHz) 1.14-1.21 (m, 3H, CH3), 2.32 (.s, 3H. CH3-arom). 2.52 (s, 6H. CH3N), 2.55-2.70 (m, 2H, 
CH2), 6.72 (d, lH, 3J~~ = 16.6 Hz, =CH). 6.89-7.42 (m, 5H. arcm and HC=); IJC-NMR (75 MHz) 12.4 (CH3). 20.1 (CH3- 
arom), 21.0 (CH2). 47.8 (CH3N). 118.4-141.6 (Carom and GC), 168.9 (C=N); IR 2987,2855. 1609,1511,1465; MS (70 eV) 
216 (M+, 100). Aoal. Calcd. for Cl4H2@N2 (216.16): C. 77.72; H, 9.32; N, 12.96. Found: C, 77.67; H, 9.33; N, 13.00. 

Dipbenylbuten-J-one N,N-dimethylhydrezone (11). 1057 mg (80 %) of II as B yelow oil (Rf = 0.20, hexauc I 
diethyl ether. 10 I 1). Data for II: IH-NMR (250 MHz) 1.57 (s, 3H. anti- and syn-CH3). 2.54 and 2.66 (s, 6H, on& and syn- 
CH3N). 6.78 and 6.95 (s. lH, Mfi- and syn-HC=), 7.19-7.37 (m, lOH, arom); 13C-NMR (75 MHz) 18.1 and 22.4 (~ri- and sjn- 
CH3). 47.0 and 47.9 (syn- and anti-CH3N). 123.3-146.2 (C-atom, syn- and anti-HGC ), 160.5 and 162.4 (syn- and aWC=N); ZR 
2947, 2843, 1603, 1493, 1445. 1350; MS (70 eV) 264 @4+, 100). Anal Calcd. for Cl8H20N2 (264.16): C, 81.77; H, 7.63; N, 
10.60. Foood: C, 81.80; H, 7.62; N, 10.58. 

Cyclohexylidenpropen-2-one N,N-dlmethylbydnxone (lm). 775 mg (86 46) of lm as a yelow oil (Rf= 0.15, 

bexaoe). Data for lm: IH-NMR (250 MHz) 1.89 and 1.92 (s, 3H, anti- aod syn-CHg), 2.34 (s, 6H, CH3N ), 1.41-2.30 (m. lOH, 
ring CH2). 5.53 and 5.83 (s. lH, anti- and syn-HG): 13C-NMR (75 MHz) 18.2 (CH3). 24.1-37.7 (ring CH2), 46.8 (CH3N). 
118.2 and 121.8 (syn- and Mri-HC=), 145.7 and 147.2 (anri- and syn-=C). 160.3 aud 162.4 (syn- and mri-Cdl); IR 2955. 2857. 
1618, 1512, 1446; MS (70 eV) 180 (M+, 22). Anal. Calcd for CllH20N2 (180.16): C, 73.u; H, 11.19; N, 15.54. Found: C, 
73.32: H, 11.15; N, 15.52. 

4,6-Dimethyl-3-hepten-2-one N,N-dimethylhydrazone (la). 619 mg (68 %) of In as a yelow oil (Rf = 0.18, 

hexane I diethy1 ether, 10 11). Data for la: IH-NMR (250 MHz) 0.77-0.99 (m, 6H. CH3(i_Bu)), 1.75-2.03 (m, 3H, CH2 and CH), 
2.05 and 2.09 (s, 3H, anri- and syn-CHg), 2.48 and 2.50 (s, 6H, syn- and a&-CH3N ), 5.72 sod 6.09 (s. lH, anti- and syn-HG): 

13C-h’MR (75 MHZ) 18.5 (cH3). 22.5 (CH3(i-Bu)), 26.1 (CH), 41.8 (CH2), 47.2 (CH3N), 122.4 (HG), 126.0 (=C), 162.8 
(GN); fR 296@, 1650, 1473, 1387; MS (70 eV) 182 RuI+, 19). Anal Calcd. for CllH22N2 (182.18): C, 72.46; H, 12.17; N, 
15.37. Found: C, 72.56; H, 12.13: N, 15.41. 

Phenylbuten-J-one N,N-(S)-(-)-2-methoxymetbylplrrolidlnehydrazone (lo). 1201 mg (93 %) of 10 as a 
yelow oil (Rf= 0.19, hexane). Data for lo. * IH-NMR (250 MHZ) 1.84-2.70 (m, 6H. ring CH2), 2.11 (s, 3H. CH3). 3.32-3.53 (m, 
3H. CHZO and CH), 3.36 (s, 3K ocH3h6.85 (d lH, 3JHH = 16.5 Hz, =CH), 7.24-7.48 (m, 6H, mwn aud HG); IkNMR (75 
m) 14.9 (CH3), 23.1 (hg CHZ), 27.1 (ring CH2). 55.4 (iiog CH2). 59.2 (OCH3). 66.8 (CH), 75.7 (CH20). 126.8-136.8 (C- 
arom and C=C), 157.8 (ON); IR 2973,2874,1722,1669.1449,1110; MS (70 eV) 258 (I!@. 18). Anal. C&d. for Cl6H22N20 
(258.17): C, 74.37; H, 3.59; N. 10.85. Found: C. 74.12; H, 3.60, N. 10.88. 

p-Anisylbuten-j-one N,N-dimethylhydraxone (1~). 807 mg (74 4;) of lp as a yelow oil (Rf = 0.20, hexane / 
diethy ether, 10 I 1). Data for lp: IH-NMR (250 MHz) 2.00 sod 2.02 (s, 3H. anri- and syn-CHj), 2.40 and 2.41 (s, 6H, syn- and 

anri-CH3N). 3.59 and 3.60 (S, 3H, otii- and ~yn-ocH3). 6.65 (d, lH, 3JHH= 16.5 Hx, =CH). 6.67-7.31 (m, 5H, arom and HG); 
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13C-NMR U5 MHZ) 13.3 and 24l.3 (anti- and synCH3), 47.3 aad 48.0 (anti- and .ryn-CH3l9,55.2 and 55.3 (anti- and syn_oCH3), 
ll4.l-143.1 (C-arom, syn- and anti-c-C), 159.8 and 162.8 (anti- and syn-C=N); IR 2955.2861, 1604, 1511,1249,1175; MS (70 
eV) 218 (M+. 92). Anal. Calcd. for Cl3Hl8N20 (218.14): C, 71.51; H. 8.32; N, 12.84. Found: C, 71.67; H, 8.29; N, 12.80. 

2-Methyl-p-tolylbuten-Jsne N,N-dlmethylbydrazonc (lq). 994 mg (92 %) from 8 aud 713 mg (66 96) from 6 
of lq as a yelow oil (Rf= 0.18, hexane / diethyl ether, 10 I 1). Data for lq: IIf-NMR (250 MHz) 2.13 (s, 3H, CH3), 2.22 (s, 3H, 
CH3), 2.37 (5 3H, CH3-arom). 2.57 (s.6H. CH3N). 6.88 (6, H-L =CH), 7.17 (d, W, 4JHH = 8 Hz, arom), 7.25 (d, 2H. 4.&~ = 
8 Hz, arom): 13C-NMR (75 MHz) 14.3 (CH3), 14.7 (CH3), 21.3 (CHg-arom). 47.4 (CH3N). 127.1-138.8 (C-arom and C=C), 
164.2 (CrN); IR 2955.2858, 1510, 1447, 1365; MS (70 eV) 216 (Iv@, 60). Anal. Calcd. for Cl4Hm2 (216.16): C, 77.72; H, 
9.33: N, 12.96. Found: C. 77.79; H, 9.26; N, 12.95. 

2-Allyl-p-tolylbuten-J-one N,N-dimetbylhydrrzone (lr). 872 mg (72 96) from 8 and 690 mg (57 %) from 6 of 
lr as a yelow oil (Rf= 0.16, hexaae). Data for lr: IH-NMR (250 MHz) 2.21 (s, 3H. CH3), 2.36 (s, 3H. CHg-arom), 2.55 (s, 6H. 
CH3N). 3.38-3.41 6, 2H, CH2), 5.00-5.08 (m, 2H. CH2=), 6.00-6.06 (m, lH, =CH), 6.94 (s, lH, =CH). 7.15-7.34 (m, 4H, 
arom); 13C-NMR (75 MHz) 14.6 (CH3). 21.2 (CH3-arom), 31.9 (CH2). 47.4 (CH3N), 114.9 (CH2=), 128.9-139.3 (Carom and 
CECH), 137.4 (=CH), 162.4 (C=N); IR 2955.2856, 1670.1511, 1567; MS (70 eV) 242 Qvl+. 28). Anal. Calcd. for Cl6li22N2 
(242.18): C. 79.28; H, 9.15; N, 11.56. Found: C, 79.28; H, 9.18; N, 11.54. 

2-Methyl-p-anisylbutcn-J-one NJV-dimethylhydrazone (Is). 882 mg (76 96) from 9 and 696 mg (60 46) from 7 
of 1s as a yelow oil (Rf- 0.20, hexane I diethyl ether, 10 I 1). Data for 1s: *H-NMR (250 MHz) 2.11 (s. 3H, CH3), 2.21 (s, 3H, 

CH3X 2.55 (s 6H, CH3N), 3.82 (s, 3H, OCH3). 6.88 (s, lH, =CH), 6.92-7.32 (m, 4H, anmr); %NMR (75 MHz) 14.2 (CH3), 
14.6 (CH3). 47.4 (CH3N). 55.3 (OCH3). 113.6-130.7 (C-amm aad GCH), 164.1 (C=N); IR 2955. 2853, 1606, 1519, 1251, 
1178; MS (70 eV) 232 @f+. 94). Anal. Calcd. for Cl4H20N2O (232.16): C, 72.36; H, 8.68, N, 12.06. Found: C, 72.59; H, 
8.66; N, 12.02. 

Reaction of p-N-phenylhydrazonopropyldiphenylpbosph~ne oxide 6e with p-tolyl aldehyde. A dry flask, 
lOO-mL, 2-U titted with a dfoppmg funneL gas inlet, sod magoetic stirrer, was charged 10 mmol of lithium diisopropylamlde 
(IDA) and 50 mL. of THF. The tempemlure was allowed to descend to - 78 “C and a solution 1.74 g (5 mmol) of phosphine oxide 
tie in 40 mL of THF was Iben added. The mixture was allowed to stir for 1 II. A solution 0.6 g (5 mmol) ofptolyl aldehyde in 10 
mLofTHFwasaddedat-78’C.Themixturewasstirredatroomtemperatlneuntil~indicatedthedi sappearsnceofthecarbonyl 
compound (17 h). The mixture was diluted with 50 mL water aud extracted with CH2Cl2. The C?f2Cl2 layexs were washed with 
water. The organic layers were dried over MgSO4, filtered, and coocentrated. 

p-Tolylbuten-j-one N-phenylhydrazone (13). The crude product was purified by fW~-chromatography (hexane I 
diethyl ether, 10 I 1) to afford 875 mg (70 %) of 13 as a yelow solid. Data for 13: mp 165-167 “C, IH-NMR (250 MHz) 2.08 (6, 
3H. CH3), 2.36 (s, 3H, CH3-arom), 6.73 (d, lH, 3JHH = 16.4 Hz, =CH), 6.87-7.41 (m, lOH, arom, HC= and NH); 13C-NMR 
(75 MHz) 10.1 (CH3). 21.3 (CHg-amm), 113.2-144.7 (Carom aad C=C), 144.7 (C=N); IR (KBr) 3348,2927,2855, 1618, 1506, 
1249. 1137; MS (70 eV) 250 (M+, 100). Anal. C&d. for Cl7Hl8N2 (250.15): C, 81.55; H, 7.25; N, 11.20. Found: C, 81.57; 
H, 7.2% N, 11.20. 

Synthesis of 1-Phenyl-3-methyl-J-p-tolylpyrazole (IS). 
1.25 g (5 mmol) of p-tolylbuten-3-one N-phenylbydrazone 13 were heated at 100 “C in 15 mL. of Toluene until TLC 

indicated the disa@afamX of the compound 13. The mixtme was coucentra@d sod the crude product was purified by tlash- 
chromatography (hexaue / diethyl ether, 10 I 1) to afford 1191 mg (% 96) of 15 as a yelow oil (Rf= 0.19). Data for 15: IL?-NMR 
(250 MHz) 2.34 (6, 3H, CH3), 2.38 (6, 3H, CH3-arom). 6.28 (6, 1H. HCI), 6.91-7.34 (m. 9H, arom); 13C-NMR (75 MHz) 13.6 
(CH3), 21.3 (CHg-arom). 107.5 (HC=), 124.5-143.9 (C-arom and =C). 149.4 (GN); IR 3026,2921,1598,1499, 1368; MS (70 
eV) 248 @I+, 100). Anal. Calcd for Cl7Hl6N2 (248.13): C, 82.21; H, 6.50: N, 11.29. Found: C, 82.23: H. 6.52: N, 11.25. 

Reaction of p-N-pbenylbydrazonopropyldlpheaylphosphlne oxide 6e with dlpbenyl ketone. This reaction 
was performed like. synthesis of compound 13 with dipheayl ketone 0.91 g (5 mmol) aad was refluxed for 3 days. 1,5,5- 
triphenyl-3-methyl-4,5-dihydropyrazole (14). The crude poduct w&s puritied by flash-chmmatogn@y (bexane.) to afford 
999 mg (61%) of 14 as a white solid. An analytical sample was obta&d by reuystallizatioo from CHCf3 I hexane. Data for 14: 
mp 193-W Oc; IH-NMR (250 MHz) 2.10 (6. 3H, CH3). 3.66 (s. 2H, CH2). 6.59-7.54 (m, ISH, arom); %NMR (75 MHz) 
15.8 (CH3). 61.4 (CH2). 114.9-128.3 (C-arom and CPbb), 146.9 (Cd); IR (KBr) 2920, 2835, 1597. 1498, 1353; MS (70 eV) 

312 W+, 100). Anal. Cald for C22H20N2 (312.16): C, 84.57: H, 6.46; N, 8.97. Found: C, 84.61; H, 6.44; N, 8.94. 
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