
AMINE BORANES-X 

hLKYLIDENF.AMINO I-BUTYLHORAtiES. TtIE iO’DROBORATIO\ Or: 

NITRILES WITH TRIMLTt4~‘LhMlh’L I-Bl!Tt’LBORANF. 

Abarul-The hydroboratwi of rllphatac and aryl mtrllc\ ulth trlmc[hylammc t.hulyl bwanc result\ 
In the formacmn of I I adductr. RCH hRk41.. Ru The prancqul products hJ\c hccn shown IO tw 

nltrogcn-bradgcd cyclic dlmcn ThcrmJl wahlng of the 4lmcrlc producrs rcwlts In the quantltatr\c 
formatInn of Icw wluhlc and hlghcr.mcllq maicrlalr uhlch Jrc clthcr ~Icrcowmcrs or \tolchlomcr\ 

The rcacoon\ of dlmcrlc hcncyl&ncamlno I.hulvlhordnc mcludc JCI~ h+rolycl\ It) ~I&! hcn/.kk- 

hydc 

Tw reaction of acetonitrllc with dlhjranr ha\ hccn rcportcd IO y~cld an &duct. 

CH,CN.BH, which IS In part convcrtcd to N.N’,N’-tncthylbora7inc upon pyrolys~\ I 
.Morc rccznt studies of the rcactlons of acctonltrtlc. n-propionltrllc. bcnzonltrrlc and 

acrylonitrtlc with dlborane have rcaf?irmcd the enl\tcncc of such I I boranc-nltnlc 

adducts which were not well charactcri7cd.2 Brown and Subba Rao3 have shown that 

diborane may function as a reagent for the reduction of nitrllcs to the corrcspondlng 

primary amine. In view of the facllc hydroboratlon of I-alkencs and I-alkyncs with 

trimcthylaminc t-butylboranc.’ I( was of compelling tntercst to cxamlne the rc;Lctlon\ 

of this \tcrically cncumbcrcd borane dcrivatlvc with rcprc\entatlr-e nitrilcs. 

RF.StJL1.S AND DISCUSSION 

Alrpharrc nrrrrles. Acstonitrilc. propionitrilc. n-butyronitnlc and i-butyronltnlc 

wcrc each treated with an cquimolar quantity of tnmcthylamlnc t-butylboranc In 

Jiglyme solution at 100’. Trimcthylamlne was \moothly cvolvcd. tracttonal dlstll- 

lation of the reaction mixtures at reduced prcuurc afTordcd low yicldc of high-holllng 

products. In cvcry T~SC cxccpt that of n-butyronttnlc. thebc products crystallvcd on 

\tandlng at room tcmpcraturc. Further purification was obtained by rccrystallir;ltion 

from ethanol. Analyses mdlcatcd thcsc matcrlal~ to bc I :I adduct\ of t-butylhoranc 

and the starting nlttilc. The melting point ranges observed with thcsc matsrlal\ 

suggcstcL1 that they were not homogcnous although a good crystalllnc hablt wax 

always obxrved after the first rccryctallization. The i-hutyromtnle product mcltcd at 

58 40’. rcsolidificd and melted again at I IO”. The molecular weight of each product 

was determined by the cryoeopic method in bcnrcnc solution and corrcspondcd to 

that of dimcr. The infrared spectrum of each product cont;llncd a B-H strctchinc 

band at 2390 cm I and a C N strstchmg band at 1660 cm ’ The RI* N%lR spectra 

of the liquid n-hutyronitrile and the crystalline acetonitrilc product< dt\playcd doublctt 

l VI~III~(( Icciurcr. tlanard Un~wrwty. Fall 1960 

t A. B. Hq. Rrr Chrm Prqr (Xrrqr.WooArr SC-I I rhr 1 IS. 139 (ION). 
* Ii. J. Emclcus and K Wade. J. Chrm SW 2614 (1960) 
’ It C. Brown rod B C. Subbr Rae. 1. Amrr (‘km Sor 82. 081 (1960). 
* H F )lr*thornr. J Amrr (‘hem Sot. In press. 

117 



with A t 9.9 . IO-* and . 19.2 . . 10 6 rclattvc to trtmcthyl borate. Thts cvtdencc 
and that cited abovc Icavcs no doubt th3t these products are dimen of alkylidcneamtno 
t-butylbowncs formed by brtdging boron atoms through the alkyhdcncamtno groupsb 
Thus the overall reactions may bc urtttcn 
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The stcrcochemical conscquenccs of this formulatton wll bc dtscusxd below. 

Characterization data for thcsc materials are presented in Table I. 

Art.1 nrrrllcs. In accord with the results described above. bcnronitrtlc and IIS 
p-mcthoxy-. p-chloro-, p-fluoro. p-methyl and m-methyl dcrtvattvcs yicldcd crystalline. 

high melting products when treated with tnmcthylamtnc t-butylboranc in dtglyme 

solutton at lo0 In each of thcsc cases, cxccpt that of the m-methyl dcrtvattvc, the 
crude crystalline products wcrc separated into two pure crystalltne fractions. I he 

fraction formed tn highest yield tn each system was always found to be the lower 
melting and to dtsplay usefully high solubtltty In common organic solvents. Analyses 

of each patr of rsaction product\ proved their compositions to be that of I : I adducts 
of the startmg nttrile and t-butylboranc. In general. the more soluble mcmbcr of each 

patr of products melted near 140’ whtlc the Icss soluble member mcltcd near 190”. It 
was ohscrvcd that the lower-melting materials resolidified when hcatcd above their 

mclttng potnts and again mcltcd near the melting point of the htgher-melttng fraction. 

The conversion of the lower-melting mcmbcr to the htghcr-meltmg member of the 
henzonitrilc product pair was quantitatively accomplished by fuston The Infrared 

spectrum of the fused product was tdentical to that of the higher-mclttng member. 
k.xamination of the infrared spectrum of each of the compounds described above 

in a Nujol mull rcvcalcd the following facts In every cast a C= N stretching band was 
obscrvcd at 1640 cm t. Signiticant differcnccs wcrc obscrvcd in the ftngcrprint region 
from compound to compound but these diffcrcnccs could not bc corrclatcd with the 

mcltmg potnt and colubtlity propcrtics. Every mcmbcr of the lower-melting sertcs of 
hydroboratton dcrtvattvcs except those dcrivcd from p-methoxy- and m-mcthylhcnzo- 
nitrtlcs. d~rplaycd a B H strctchtng doublet at 2350 and 2400 cm-‘. The two 

cxcepttons gave sharp B-H strctchingat 235Ocm ’ as dtd every member of the highcr- 
melting scrics. The apparent B- N strctchinp doublet of the lower-melting series was 
obscrvcd as a sharp stnglct at 2350 cm I tn mcthylcne chloride solution. Thus. this 
anomaly I\ undoubtedly 3 result of tntcractions In the crysfallinc state. 

* Lklhylrmlno r.bucylhorancdlmcr dnplryradoublct un II\ B” ‘JMR spcclrum utthd .u:rld- 180 
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Molc~ular weight dctcrmtnatronv were made with each mcmbcr of the more soluble 

scrtcs of dcrtvatrvcs. The cryoscoptc method was employed in bcnzenc solvent. In 

each c’asc the lower-mclttng and most soluble products provsd to bc dtmcrs. That 

thcsc dtmcrs arc mtrogen-brtdgcd was tndtcatcd from the posrtton of the B’t hMR 

rcsonanccs ohtarncd wtth the bcnronrtrilc product. A douhlct was obscrvcd with 
<) . IO and . 20 in acctonrtrtlc solution rzlativc to trimcthyl horatc. 

I’ahlc I reports the ch.tractcrtzatmn data obtained for the dcrivattvcx tbf .tnv 

nitrilc\ 

If. .I\ the f.tct\ prcscntcd ;tbovc tndtcatc. the new m.ttcrtals dcscribcd in tht\ \~udy 

;trc nrtropsn-hridgcd stoizhromcrs of aldvlidcncamrno t-hutvlborancs. one ~cwIJ , 
zxpcct the suhstttutcd bnrylidcne dcrtvatrvcs to absorb strongly tn the ultr.tvrolct. 

I hts was ohscrvcd. The higher-mcltrng bcn?ylidcnc dcrtvativc had i,,,, 274 m!r. 

t 9CKXl and the lower mclttng mcmhcr L,,x 273 m/c. r Il.400. The corrccpondrng 

p-msthoxy compounds had Jmr, 302 m!r. / IX.S(W) and I.,,., 302 m/c. t 1X.000. 

rcspccttvcly. ExtInction cocffictcnts ucrc calcula~cd on the hasp\ of monomer molcculcs. 

Short wavs-length absorption was not ucll defined In contr;lst. the products dcrtvcd 

from aliphattc nttrtlcs cxhthitcd end absorption only. 

Addtttonal cvidcncc for the assumed structure of the mtrtlc-t-hutylboranc ;tdducts 

U;IS obtatncd from the 3c1d hydrolyses of the bcnzonitrtle product in aqusous ethanol. 

Renz;ildchydc w3\ 1sol3tcJ In 4X per cent ytcld from the hydrolysis of the lower-mslttnp 

rncmbcr of the product pair. Hydrogen and t-butylhoronic acid were also ohscrvcd ;I\ 

reaction products. The hydrolycts rcactmn IS dcscrrbcd by the equation 

(I-C’,H,BHN CH& 2tI,O - 4H,O - 

?dCHO ZH, . Zh’H, . It-C,H,B(OtI), 

Swruoc~hcnrisrr~ and sroichronttvs. As shown 3bobc. the hydroboration products 

dcrivcd from ahphattc nttrtles and the loucr-mclfing, more soluble products dcrtvcd 

from aryl nitrilcs arc dtmcrs. The position of the B” NMR rcconanccs of thcr 

compounds prove that they are nitrogen-brtdgcd. Such cyclic struc’turcs present a 

number of pourblc stercoisomcrs. Thus. the bully t-butyl groups could bc CIJ- or 

~r‘uns- with rcspcct to each other and the alkyltdcnc or bcnzyldcnc amtno groups 

could assume 3 S.W or an onrr- arrangcmcnr ‘Thus, cr.r-r,t n. crs-on/i. ~rutts-s!w and 

I~MS-MII configurattons arc possible. Of thcsc possrbrhttcs ths /runs-otrri rsomcr (I) 

would be prcdictcd to be the more stable. 

The question arises as to the nature of the higher-mcftrng products ohtarncd dlrcctly 
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during the hydroboration rcactton or formed by thermal trcatmcnt of the lowcr- 

melting products. 
Since thermal rupture of a B-N bond in the Cmembcrcd cyclic dtmers provides a 

possible mechanism for both cis-frans and syn-onri interconvcrsions tt is rcasonablc to 
;Lssumc that cvcry isolated dimcr sptxics has the prcfcrrcd stereochemistry shown in I. 

The markedly great change in properties whtch occurs upon heating these dimcn 
qgcstc that the higher-melting products arc not mere stcrcoisomcrs of the lowcr- 

melting dtmcra but are actually higher stoichiomers of optimum stereochemistry such 
a\ 6-mcmbcrcd. nitrogen-brtdgcd cyclx trimcrs (II). If the trtmcr rtng 1s in the chair 
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contiguratuln. then ;I t rjquatortal arrangcmcnt of t-hutyl groups would most likely 
prcvnrl. 

FXPLHIHEh’fAI. 

WUrrrIrrl\ Vt~rllc\ ucrc commcrctalty a\JtIJbk matcrtals of htgh purity 7 rtmcthylrmmc 

t.hutylhtranc UJI prqurcd 4s prcbtously Jescr~bcd~ and urd utthout further purthcatton The 

Jtglymc cmploycd uas purtficd by Jtrttllatton from ltthtum rlummtum hydrtdc at reduced prcssurc 

Prrparurron o/ ull, ) Itclmomtna r-huc~fboraws To a solutton of 0 IO molt of the altphattc nttrtlc 

dts~lvcd tn 25 ml of dtglymc JI 100 uas added I3 0 g (0 IO molt) of crude trtmcthylamtnc t-butyl- 

hvanc The a&Won uas carrtcd out In a Jroputsc fashton tn a nitrogen atmosphere and u-tth 

magncttc rttrrn-tg The addttton rcqutrcd I hr The rcactton mtxturc ua.s then hca~cd for one addi- 

ttonJl hour and cooled to room tcmperaturc The reaction product mtxturc was J&M to 200 ml 0r 
utcr wd the otly product separated by extractton utth &ethyl cthcr The ether extract was washed 

three ttmcs wtth 50 ml porttons of uatcr. separated. drtcd orcr rtugncrtum sulfate and cvaporatcd at 

rcduad pressure The restdual 011 UJI transferred to a small stall pot and frrcttonatcd utth a sptnntng 

band Jtrttllatton column at reduced pressure Fable I reports ytclds. hotltng points and nultmg potnts 

of crystallucd dtsttllata Analyttwl umplcs Utre prcparcd by rccrystallvatton from ethanol-uatcr. 

Prqwrafion 01 wbrrtrurrd bn:ylr&uammo I-~Y~~v~&~~JuI <lr~ tenth mole of the proper substt- 

tutcd bcnronttrtlc was dtssolvcd tn 25 ml of dtglymc and treated with I3 0 g (0 IO mole) of truncthyl- 

ammc t-butylboranc as dcscrtbd above. Folloumg the hcattng prtod the product mtxturc YJ~ 

treated wtth 200 ml of dtcthyl ether and filtered The filtrate w.ts uashcd well utth water. drtcd over 

magncrntm sulfate and the solvent rcmovcd at mdoccd prcssurc The ether tnsolubk product was 

rtcryst~lltrrd from xctonltrllc or knxnc. The ether soluble product US rrcry~tall~~d from JCCIO- 
nwlc or cthwol-uatcr Tahlc I probtdcs the ytclds. mclttng pmnts .tnd analyttc.tl data obtatncd for 

thcu products 

Contvrcron #I/ rhr lorevr-mrlrmp hrn:~lt&nramnw /-hut)Iboranc protlvrt to rht h!phrr-nulrrrt~ 

produrr One gram of the ether solubk product dcrtvcd from bwvonltrdc (m p. I41 - I43 ) uas phad 
In a small flask cqucppcd wtth a nttrogcn mkt and outlet The flask was heated by an otl bath and the 

tcmpcraturc slowly ntud from I40 to I62 During thts Interval the product melted and crystall~~cd 

The HaA was then heated to 169 , cooled and the crystall~nc product washed wtth dtcthyl cthcr The 

product mcltcd at 185 I89 and was tdcntrcal to the authcntr htghcr-mclttng product tn the Infrared 

Prrprutmn o/ kn:ol&hv& /ram hrn~~ltrlluammo r-hurvlhoranr To a cooled solutton of 20 g 



of conecnlr;lIt\l rulfurIc ml In 60 ml of 25 a* aqueous ethanol uas added I7 3 g (0 IO mole) of I~C 

lower-mchmg benryhdcnc.rmmo I-buiylboranc The mwurc WI gemly rctluxcd under mtrogen for 

I? hr. cookd and added IO 400 ml of Mater the pruducls wrc separavd by three cxIracIIons wth 

dIethy cthcr The combtnrd ether4 cxtr.IcIs were cvaporJIed IO dryness under rcduarl prusure 

An Infrared spcclrum nf Ihc CNJC product mdIc.IIcd 11 lo bc a mIxlure of I-buIylboronIc acid and 

benuldchyde 

The crude product *as J~swl~cd In 75 ml of cIhcr and the cthcrcal soluIIon extracud Ihree IImcs 

uIIh IO0 ml prtwnr of IO” . w&urn bIrulfiIc The aqueous CXI~XI *as then treated vIth 100 g of 

yIasrIum bIcclrbonaIc and the l~bm~cd krv;rldchydc cxiracied urth three 50 ml portIons of dtcihyl 

cthcr The combmc4 cIhcr CXI~~CIS wrc drlcd nvcr magnesnrm sulfate and Ihc crher removed by 

c~aporalmn at rcduccd pressure al IO Ihc product was shown IO bc pure benwldchydc by 

~nfra.rcJ IdcnIIIiz.II~~~n .rnd uclghcd 5 I LJ or 4M”, (,I theory 

.\t&r&r rrc~hl &~~~~INJIIM.I \tulKular wcIyh1 JcIcrmInJIIons ucrc carrlcd ou1 In dupl~utc 

ucmg a con~cnIIowI cryoucop~c qpar.8lur and dry bcnrrne JI sol\CnI Results ucrc rcprtJueIhlc .rnJ 

agrad uIIh Ihcory ICI u11hn-1 2*, 

.%urlr~r mqnrrrr rrwwn~c mru~urrmenrc A V.trl.rn high resolulmn nuclear m.tgnetIc rcsonancc 

s~lrumctcr *as cmploycd uIIh $1 I2 8 mc R” prohc Bcnrcnc *as routmcly cmploycd as sohen and 

a cap!lt.~ry luk uhlch C0ntJlI-d lrImclh~lborJlc pruvIdCd the rcfcrcnu! rc~onancc 

.4rhwn/rc&yrmcnr lhc \rorh -JS carrkd oul under l’.s Atmy Ordnance Conlracl l)A431021- 

ORl).l IX7X 


