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Dffll)IIJCTIOI 

The pvpeee et this invfftigati•• was to hrther at.d.y" 

the r-eact:t..n er tffll&l••h1"• w1 th carbeJl1'1 ceapeud.e contain

ing active }Qdng• ad.er baaie centitions (the Tolleu 

conicsat.ioa) in the h•p• or preparing new cempnnd.a haTing 

hil'Jl hydrox;yl eotmt. 

Such cempeunds have ~tent.1&1 value as hlUlectants., in 

the mmltfaetve ot paint• aac varniahea, am. as intermeilates 

tor nitrat.t explosivff. 



HISTOllICAL 

The general r ... ot1on known aa the Tollena oonden1ation 'Wile first 

•tu41ed by Toll•n• and Wiegand (68} ill 1891. The reaotion lnvolv.1 

the oond.enaation or tormalcle¥e with a cubonyl oompound containing 

a._ leut one active alpha-hydrogen ill the preaeno.e of variou1 oat

alyat, ranging from very wak to very 1trong ba••• ( oro11ed aldol 

oond9n1ation), tolle.-d 1n some .... , by a oro11ed Oannizaal'o reaction 

betwen fol'maldel\Y(le and the oubonyl compound to yield a hydroxyl 

group in plaoe of the oarbonyl group, 

I I 
H-C-0-=0 ,t 

I 

on- I I 
BJHO -- •• ·-· r ·- • ll:>CHz-C-0=0 

I 

or 
B 

• I I I 
H-C-0=0 

l l 
i 2 lllHO • OH --+ II00~-0-0-0H + HCOO 

I I 

Thia theaia 11 concerned only With reaotlon1 of the type involving 

1trongly ba1io catalyst• 1uoh •• NaOH or Ca(OH)2 (not including alkali 

metal earbonatea or magne1ium oxide), 1rhioh uaually oauae 1ub•titution 

of all available alpha•hydrogen• w1 th eydroxymeteyl g:,oup1 and 1ub1e

quent reduction of the remaining carbonyl group to a hydroxyl group 

via a crH1ed cann111uo reaotion with formaldehyde. In a ffl'fl oa1e1 

oomplete subatltution of alpha-hydrogen, is not obtained or ring 

formation ooowa in the partially or fully hydroxymethylated com-

pound•J ho'n'"r~ all or the other above oondition1 are tulfilled. 



These cases will be includ.ecl. 

All reactions ot this general type invalve essentially the same 

p:n,ced.ure. The carbonyl c»mpou.nd is dissolved or supmd.etl. in 

water or an alcohol., tormal.ciehytie is uded either as forma.]jn or 

para!ormald.ehy-.e and. a suitable stnng bm,e is aeieci. This base 

m,q be add ecl in one portion or in small pertions over an extmde4 

• period of time. The reaction mixture is stiITN at 20-100 tor 

peiolls or time fNm. a to hoar• to as long as tour w•ks. At the 

end or the reaction period, if excess base is present, it is elimi-

nated by neutralization with any one of various acids. The selvent 

is the evaporated leaving a qrup which either crystallizes or which 

is treateci in a wic!e variety of wqs to obtain the .final iroduc t tree 

fNm such side-reaction products as h,aro~aldeh:,des, sugars, simple 

al.dol preducts., and fer.mates as well as the inorganic salt prociuced. 

in the neutralization process. s-.eti.mes catalytic hydrogmation is 

uae4 to improve yields ( 61). 

A. short review of the work done on the Tollens commsation is 

included in an ACS menograph on reactions of tormalde~e by Walker 

(59). 

The most widely stluliecl and co•urcially profitable example of 

this reaction involve• the oend.ensatien et four moles et formaldehyde 

with •ne mele et acetaldehyd.e in aqueeui, solution in the presence ot 

a base SllCh as calcium hydroxide te term pentaerythritol: 

3 
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The literature is n voluminous on this important react.ion as t• 

be be,-nd the scope et this work. Hence it will be discussed only very 

briefly-. 

Pentaerythritol •8-l" be preparea in gee4. yielci by the method or 

Schurink (53). 

When pentaerythritol is prepared in methanol solution or it the 

formaldehyde ued. is in the fc,rm o! !c,rmalin which contains a large 

a.mount o! methanol a.s an impurity, considerable ameunts or the mono-

methyl ana smaller amounts or the dimethyl ether o! pentaerythritol 

a.re formed (63). A mechanism !or the formatien of the for.er is postu-

lated as: 

HCOO-

Ev:1.fllence ot the above mechania is gi.v en by Wawzonek md Henry 

(62), llho prMuce4 C~OC~c(OH20H).3 by subjecting CH.3CX::HfHfHO te the 

Tellans condensation. 

Thia kind. of reaction is eviciently involved in the production 

er tipentaerythritol, ~HCX::H2):fCHaj 2o, by carrying eut the syntheaia 

or pentaerythritel in the presence of preformed pentaerythritol (51). 

In the tables that follow; previous work is listed and, if given, 

specil:1:c data are inclued. which will elucidate mere clearly p:Ncedur" 

usecl in specific cases. I! specific data e.u.li not be !eund, it was 

ass'Q.ed that the mthor cite4l followed ... ewtiat the general sch•• 
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previously outlined. Methecis of Puri.!icatien (A) and Other Methods et 

Preparing Products (B) will be found in notes following the tables. 

Inel\llletl in the Appentix are melting points, solvents used in 

recrystallization, and boiling points of all products mentioned in thi• 

table if such data were given in the reference consulted. 

Cinnamaldehyde, acetaldol, · acrolein, and crotonalciehy-de apparE11tly 

react as acetaldehyde in the Tollens condensation by first undergoing a 

reverse aldol condensation and. consequently will not appear in the 

table: (9,27,37,41) 

H 
I I 

-C=C-CHO ===r -C-C-CHO ::=::;:: CH.3CHO + -c=o 
I I I 1 

H OH H 

However., it has been reported in patent literat~e (5,12,28) that com

pounds of the type RCH=CHCR(CH20H) 2 have been made from unsaturatecl 

ald~es and .formaldehyde. 



Table l 

Ex.perillllntal Pr.ce«uree fer the Preparation o! Cenllmaatien Prod.1tcta 

A - Al4eh.ydes 

Original Car bo~l Selven t anti Molar Ratio Prodllct Nmtral- Puri!i- Other Refer-
Compou.rul Catal7st Carbony'l: izing cation Method a enee 

HCHOtCat- Agmt Scheme of Pre-
al.yet paring 

-1J!. duet 

C8JCHO H2')/Ca(OH)2 5:27:3 C(CHi)H)4 HCl ! 53 

C2H5CHO H,fJ/Ca(OH) 2 .3:10:7 CH.3C ( CH20H) :3 (C02H) 2 - i, 31 
iii 

" H20/alkali 
metal hyd.rox-
idea - • Hi>04 b 10 

II H,f)/Ca(OH) 2 - II HC02H a 67 

" H20/NaOH - " H2S04 18 a 

" H20/Ca(OH) 2 J • .3zlz2.7 " (COt1) 2 f 56 

n-C3HfHO H20/Ca(OH) 2 - C2Hf (CH20H).3 HC02H a 67 

(CH.3) 2CHCHO H20/Ca(OH) 2 - (CH3)2C(CH20H) 2 HC0t1 a il 67 

" H20/Ca(OH) 2 - " - - 2 

II H20/Ca(OH) 2 - It - - 3 

0-. 



Table l (c.ntin•ed) 

(C~)fHCHO H20/laOH 11211 (CH.3)f(CH20H) 2 - - 61 
• 

n Ci{,OH/XOH - " - - 34,42 

" Ht°2H50H/ 
K . · 2.5:6. 7:0 • .32 " ne acid cl 65 

" ~-c2a5oH/ - " " cl 54 

,!1-C4H9CHO - - .n-C.3H?C(CH20H)3 - - 111 

( CH3) ~HCH~HO H~/Ca{OH)2 - (CH))~HC{CHt)H).3 - - iT 41 

" H20/Ca(OH) 2 218:l " M acid C 18 

(!!!-C 4H9) 2CHCHO - - (iae-c4a9)2C{CH20H) 2 - - T 

(C2H5) 2CHCHO :~t150H/ - (Cif5)f{OH20H)2 no acitl cl 54 

Ct15 "- CHCHO :~c2H5oH/ Cf1s "- C(CH OH) " cl 54 
n-C4lif / 2 2 - a-C4H9 

C~'-.. CHCHO - -
C~5 

0~"-c(cH~H) 
Cris 2 

- - vi 

CH_)---..__ CHCHO 
CH 

H20/KOH - J~c{CH~H)2 - - 2.3 
n-C 8,/ n-CJH7 - 3 

..... 



n-c61ucHO 

(C6H5)2CHCHO 

C H 
6 5"-- CHCHO 

/ 

C6H5co 

C6H,., 
I ,. CHCHO 

/ 
C6H4 

C6H5, 
/CHCHO 

CHj 

H20/Ca(OH) 2 5:10:5 

H20/HaOH 6:12:12 

C,,H50H-H20/ 
KOH 4124:4 

c,p._5oH-H2o/ 
KOH 4:20:8 

- /KOH 

c6tt5cH2CH2CHO Czi,OH/KqH 

Cl1.JOCH2CH2CHO H20-CH30H/Ca0 -

2,5-endometh7lene- H20/Ca(OH) 2 4:10:10 
1,2,5,6-tetrahydro-
benzaldehycle 

2,5-end0methylene- H20-Czi50H/ 2:6:3 
6-methyl-1,2,5,6- NaOH 
tetrah7drobenzal-
dehyde 

3-cyclohexenecarbox- H2.~l1.JOH/ 
al.4ehyae KOH 

6-meth.71-3-cyclohex- fi.20-Cff:30H/ 
enecarboxaldehyd.e KOH 

Table 1 (ccmtin•ei) 

n-c5H11C(cH20H)3 

(c6H5)f(CH20H) 2 

CO2 C 

d 

Gave the correeponting meno-prim.a:cy al.eohol 
but net b7 the Cannizzaro reaction 

Gave the eerrespenaing mono-primary alcohol 
but net by the Cannizzaro reaction 

C6H5, 
/C(CH20H) 2 

CHJ 

c6H5cH2C(CH20H)J 

CHJOCH2C(CH20H)3 

2,5-endomethyleno- no aci• (crystals depositoi 
3-cyclehexene-l,l- from alkaline solution) 
dimethanol 

2,5-endomethylene- HCl 
6-methyl-3-cyclo
hexene-1,l- dtmeth-
anol 

3-cyclohexene-1;1- no acici 
ci!aothanol 

6-methyl-3-cyclo- no acid 
hexeno-1, 1-dimeth-
anol 

k 

cl 

d. 

21 

13 

13 

13 

23 

24 

62 

11 

11 

25,54 

25,54 
~ 



3 ,4-timethyl-6-
phen7l-J-cyclohex
enecarbexaldeh7ae 

3,4-6-trimethyl-3-
eyclehexenecarbox-
aldeh7•• 

acetene 

" 

II 

:~cH30H/ 

:~-CH30H/ 

H20/NaOH 

Table 1 (centinued) 

3,4-dimeth7l-6- no acid 
phenyl-J-cyclohex
ene-1,l-dimethanol 

J,4,6-tri.methyl-3- no aci• 
cyclohexene-1,l-di-
methanol 

B-Ketones 

tetrahydro-3,3,5,5-
tetrakis-(h;rdro:xy-
methyl)-4-pyranol 

(I) 

H20/Ca(OH)2 4:32.J:2 (I) H,.,SO aIW 
(O'o}t>2 

H20/Ba(OH)2 3:30:2 (I) Hr>4 

als• 

/o-c~ /CHOH/CH20-C~ /C\H/C~O\ 

c~/\\ / \ r2 
O-CH I CH- 0-CH CH-· 0 2 2 2 2 

CH2 lH2 C~ /CH2 

"'o "'o 
(II) 

Q 25 

d 25 

57 . 

j 52 

e 57 

'° 



Table I ( contimt9') 

acetene H20/Ca(OH)2 1:8:1 (I) (C02H) 2 t 4 

" H~/Ca(OH) 2 - (I) H2S04 t 39 

chloreaeetone H20jNaOH 5.5:16:5.5 3-h7droJC111,9thyl- - g vii .3.3 
3,4-dihytiroxy-2-
but anon• 

" H~/NaOH 1:2.1:0.27 3-hyiroJcy'll8thyl-
3-chlor~-4-hydroxy-

- g 3.3 

2-bvtanene 

hydroxy-ace.tone H20/Ba(OH) 2 - 3,4-e.ihydro.x;r-2- H2so4 k 22 
butanone 

&lH 
3,4-dihydro~~J-
hy'droxym.eth71-2-
butanone 

methyl ethyl ketene H20/NaOH 7:30:0.5 3-aethyl-J-hye.rexy- - g 44 
methyl-4-hytlroxy-2-
butanone 

It H20/Ca(OH)2 4:26:2 tetrahyare-3,J,5- CH.3COtf j 52 
tria-(hyvoxy-
methyl)-5-methyl-
4-pyranol 

alae 
2-me thyl-2-hyti nxy-
methyl-1,J-butane-
ciiol 

b 



Table 1 (continue«) 

diethy-1 ketone H20-CH.30H/ 6:10:0 • .3 l-hydro.Jcy"-2-hydro)Q"- - g 44 
NaOH methyl-2-methyl-3-

pentanene 
al•• 

1, 5-d.1.h;rdNJcy"-2-
h)'d rox;yme thyl-2, 4-
dimethyl-3-pentan-
one 

" H20/Ca ( OH) 2 1:5.5:0.5 tetrahydro-3,5-bis- H"S) an, j 52 
(hydro.x.ymethyl)-3,5- <to )2 
4.imethyl-4-pyranel 

cyclepentanene H20/Ca(OH) 2 l:4a0.05 2,2,5,5-tetrald.a- n• aei• (crystals depositei 40 
(hJdru;,mathy'l)- :t'n>m entde selutien) 
eyclopen tanone 

ll H2o/Ca(OH) 2 2.4,10:0.06 II HCl - 49 

cyclehexanene H20/Ca(OH) 2 2:11:0.2 2,2,6,6-tetrakis- H2so4 t 40 
( h:,d NJCYDI thyl)-
eyclohexanel 

" H20/Ca0 2:11:1 It HCOzI 1 66 

4-methyleyclohexanone H20-CH.30H/ 1:5.5:0.l 2,2,6,6-tetrakia- HC02H f 40 
Ca(OH) 2 (hydroxymethyl)-4-

methylcyelohexanol 

2-methylcyelehexanone H20-CH.30H/ - 2,6,6-tris-(hydro:x:y- HCOi{ h 40 
Ca(OH)2 nwthyl)-2-methyl-

jj cyclohexanol 



menthone, camph.-, 
and. carv•n• 

H20/Ca( OH) 2 

Table 1 (contin•ecl) 

no reaction 40 

.... 
I\) 



Notes te Table: 

A - Methods or Pvif icati.G>n 

(a) The cnl'.le m1xtve was evaporate4 in vacu to r•ove the selvent. 
An equal wlum or acetone was belled. with the pasty residue. 
A precipitate formed. and. was filtered. out. The filtrate waa 
eTaporated to Nmeve the acetene and :,ield a procm ct or 95% 
purity. 

(b) The ertlde mixt11re was .vaporate4 !!! vae11.e to remwe the aolvtnt. 
Volatile impurities were distill• eut !!! vacuo. Vac\llllll steam 
distillation gave a profluct with a high degree of purity. 

(c) The cnd.e mixtee was tilterecl hot by suction and evaporatetl 
somewhat, three times its vel11J1le of ethanol was added., the 
preeipi tated calcium formate was reeved b7 tlltratien, and. 
the filtrate was stripped of alcohol and d.~stilled. !a vacuo. 

(d) The cnde mixtve was et.her-enracted and the ether extract 
distilled 1B vac••· 

(e) The cru.d.e mixture was filtered, evaperatecl i:!! vacuo, extractri 
with hot isopentTl alcohol, the alcohol solution evaporatea, 
the residue dissolveEl in benzene 8Nl the benzene selutien 
extracted. with water. The water laarer yielded I while the 
btnzene layer gave II. 

(r) The c r ude mixture was filtered and evaporated 1!1 vacuo. The 
product separate4 as a crystal.line solid. on stantiing. 

( g) The cru.de mixture without any- neutralization ( only a small 
am.Hnt of alkali was asecl and all was v.secl up in the cc:mdm
sation reaction) was fractionally distilled. 

(h) The crude mixture was filtered and evaporated in vacao. The 
renlting syrap was tres:hi with benzaldehyd.e and HCl te yield. 
a benz:,llclene derivative. Thi• was hydrolyzed to the original 
CGlllpO\Uld ltlich was obtained b,T alcoholic extraction of the 
evaporated hydrol:,zate. 

(i) The cNcie mixture was evaporated ,!!! vacuo, treated with methanol 
anil freed !rem calcia formate b;r filtration. Evaporation o ! 
the methanel gave the desired. J:roduct. 

(j) The presmce er the atated. prociucta was prove« by allylation 
et the crude s:,rup and analysis of the various fractions 
ebtained upon fractionation of the crude all.ylated mixture. 
No pure polyhydro:xy oempounds were isolate«. 

(k) The crade mixture was evaporated in vacuo and vacuum-distilled. 

l3 



B - Other Metheds of Preparation 

(i) Koch and Zerner (36) prepared C~C(CH20H)3 by reducing 
CH3C(CH20H) 2CHO with alwnin1111. amil.gam. 

(ii) Wessely (64) prepared (CH1)~(CH20H) 2 by reducing (CH3)2C(CH20H)
CHO in water solution witli a.l:wdiilllll amalgam and alse 1'1' treat"ing 
( CH1) 2c ( CH20H) CHO in either aqu .. us or alcoholic IIO luti on with 
KOir and. either excess formaldehyde or excess isobutyraldehyde. 

Bincer and Hess Ci) treated C(CH20H) 2(CH~) 2 with an excess of 
hydrogen at 50-55 in alcohol ana: pyridiffe 'to which palluize4 
bariam nlf ate ancl magneaiwa oxide had been added. to obtain 
(CH3)2C(CH2')H)2. 

(.S.11) By irra41iat1ng a aol11.tien ef f'eriu.lcleh,cie in dib•tyl ether, 
C3H~(CH~Hh was prepareti; by- irra4liating a solution ef' fo:rm
ald.ehyde in iiethyl ether, CH3C(CHi)H)3 was prepared (48). 

(iv) Lichtt0stern (38) red•ced (CH3)2CHC(CH20H)~HO with al.Wli.nl11& 
amalgam in a wat er-alcohel selut.ion to obtain (cH3)2CHC(CH20H)3• 

(v) Freylen (26) treated diethyl di-isobutylmalemate with sodium. 
in alcohol to obtain (iso-C4H9)2C(CH20H) 2• 

(vi) Neust~ter (45) treated. c2Hf(CH3)(cH20H)ClIO with alcoholic 
KOH to obtain C:tf5C(CH_J)(CH20H) 2• 

(vii) 3-fcydroxymethyl-.3-ehloro-4-hydroxy-2-butanone wae treated. 
w1 th alcoholic KOH to yielci 3-hydrox;ymethyl-3,4-d.ihydroxy-2-
butanone (33). 



I. PREPARATIOR OF ALDEHIDES 

A. Apparat•s !!!! ,!!! Preparing Alko.gaeetaldehri•• :ez Catalytic 

DehJlir!genatien !!.. .!!:!.!, Cerresponiing Alkox;v:ethanol• 

The proper alcohol was allewe4 to nm from a brette at a !ix• 

rate into a heated. di• tilling flask where it was vaperize41. It wa• 

thence passed ever a preheater into the catalyet chamber. 

The catalyst chani>er was a glau tube la> em. long with an insi41.e 

ciiameter of 28 mn., wrapped once ld.th asbestos paper which was sealee. 

on with a dilu.te a,lution of sedi.1:IDl •illcate. Forty feet of Bt\S #24 

gage nichrome wire was wrappN. around the asbeatos-cnered. t11be, 

the wrappings being about 1/4 inch apart. Approximately 3 cm. of 

tube was left mvrappecl at each ena. Four mere lqers ef asbestes 

paper were thtr1 wrapped arnm the type in a similar manner and. the 

entire tube was allowed to dry in a warm place <JVernight. 

A rheostat and. a switch were placed in series with the chamber • 

• At llO volts, a max1mvm temperature of 300-30 eeulci be maintain• 

in the tube. At 220 volts, a tcperature of 450• was easily ebtain-

able, with tcperatures mu.ch higher possible. 

A glass tltbe la> cm. long with an inside diameter et 17 nm. was 

placed. in the larger tube; it serv4MI. as the actual chamber in which 

the catalyst was placecl. About 90 cm. of this tube was paeked with 

catalyst. Before use, the entire asbestos-covered. outside tube was 



given a heavy wrapping of glass woel. Corks were used. for all oen

neetions. (GrolUlli glass comections at either encl of the inner 

catalyst tube wula s· ... ve well.) 

The vapers ctming frem the catalyst t11be were C1Jnchnsed. with an 

oNinary water eenalenser and were oelleete4 in a large suction fiaalc 

16 

imaerse4 in an iee bath. The hydrogm evolveci pasaetl eut of the Sl1.ction 

flask through the sidearm. and was le• te a vent. 

B. Preparation ~ Methogacetaldehrie 

Vaper, . of metheJl1'ethane1, either as the p11re material or mixN 

with 10% water by volume, were passed over cepper chromite catalyst 

supparted en cepper screen wire at 290-3309 at atmospheric pressure 

allll at rates of 50-200 ml./hour accoNi.ng to the method of Redenwm 

and Ickes ( 50). overall yields of leu than 2% were obtained cen-

sistently. This method was ciiscarclec as Ull8&tisfactory and a new 

catalyst tried.. 

The bitbe was repackei with short pieces of cepper oxide wire anil 

a stretUa of hydrogtn was paSBeci throligb the tube at '2009 to reauce the 

copper oxide to copper (20). Vapere of metho:,cyethanel mixed with lo% 

by velUJBe er water were passe4 through the chanber at 3<X>-J0° at 

atmospheric presslll"e and. rates of 75-150 ml./hour/l+CX> graaa of catalyst. 

Fractional distillation ef the oen4ensate yielded an aldehyde fraction 

• boiling at 88-95 • This was analyzed. tor metho:,cyaeetaltiehyde by the 

methocl of Domally (19). Maxim yielcl was obtaine4 at a rate of 

120 ml./hour/400 grans of catalyst, when an overall yiel• of 16% an• 

a yield basecl on unrecovered alcohol of 32% was obtained. 

C. Preparati•n ef Ethoxyacetalclehyd.e 

The catalyst 'blbe was packed with shart pieces of copper oxide 



0 
wire and a stream of hydrogen was pasaed through the tube at 200 

to re4uce the eepper cicie to cepper (20). Vapers o! ethoJCYethanol 

0 
were passed. through the chaaber at .300-425 at atmespheric pressure 

and rates 0f 40-120 ml../hour/400 grams ef catalyst. Fractional 

distillation of the condensate yield.ed an aldeayde fraction boiling 

at 90-ll.0°. This was analyzM for etho~acetaldehyde content by the 

method o.t' Donnally (19). A censistent overall yield Gf .3% and a 

yield based on unrecovered alcohol of 8-1.3% were obtained. 

D. Preparatien of n-Propoxya.eetaldehyde 

Glycerol alpha-monechloroh;ydrin was prepared according to the 

method o.t' Conant and Quayle (14) with a yiela of 65% of redistilled 

i:roduct boiling at ll5-18°/15 DD.. 

Three hundre4 and. fitty-thr~ grams of glycerol alpha-mno

ehlorohyu.rin was slewly ud.ecl to 75 grams of sodiwa dissolved in 

700 ml. o! hot n-pNpyl alcohol. A vigorous reaction ensued. and. a 

precipitate of sotium chleride formed. After reflux !or an hour, 

the mixture was filtered by suction~ the precipitate washed 'With 

methanol, am the eembine<i filtrates distilled in vacuo to yiel, 
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177 grsns of glycerel alpha-mono-,!!-propyl ether boiling a t 109-14° /9 mm. 

This represented a yield ef 41%. 

Lead. tetraaeetate was prepared by the method of Ballar (6) ana 

was used te i:repare ,!!-pro po:x;yacetaldehyd.e according to the me thocd of 

Hatch and Nesbitt (30). 

Fotn" hundred and forlif-three grams (1 mole) or lead tetraacetate 

was macie into a slurry 'With 80) ml. of benzene and gradually treated. 

at A)-J0° with 1.34 grams (1 msle) ef gi,cerol alpha-mono-_!!-propyl 

ether. The reaction mixture was stirred centinuously during the 



a4M.itien ef alc•h•l anci for an hour afterward. The mixture was 

filtered by suction and the .filtrate washed with saturatetl aqueous 

sodium chloride solution. Vac\1WII. fractionation •f the filtrate 

yielded 74 grams of crude product boiling at 60-00° /105 mn. 

E. Attenpted. Preparation e.f n-.Buto.xyaeetaldehyde 

18 

1. By catalytic dehfdrogenation. Vapors o.f n_-butexyethanol were 

pas•ed ever c•pper at 300° (43) and. atmospheric pressure but gave only 

traces of the desired. alclehyd.e plus a large anount of hi191-boiling 

residue. 

2. By hydrolysis ef n-butoxyacetaldehyde diethyl aeetal. Brem.e

acetal was refiuxed with sodium n-bv.toxide to yield n-butoxyaeetal.dehyue 

diethyl aeetal. This predu.ct was refiwced with dilute aqueous acifl 

and the :resulting solution distilled, but no aldehyde fraction was 

ebtained.. 

3. By oxid.atien or !!-buto:x;rethanol. ,a-ButoJcy"ethanol was oxidis9' 

with potassium. diehromate and sulfllric acid aeeorciing te the method 

of Hurd and Abernathy (32) but fractional distillation ef the crude 

distillate preduced no ,a-butoxyacetaldehy'd.e. 

F. Preparatien of Suceinal.dehyde 

The method e! Keagle ancl Hartung (.35) was followed.. One 1i ter 

of denature« ethan•l (should have been anhydrous), 107 grams ef 

freshly distilled pyrrole., and 225 grams of hydroxylam.ine hydrochloride 

were stirrecl together and heated to reflux temperature. As sOGn as 

solution was complete, 170 grams of anhydrous sodium carbonate was 

added.. The resulting suspensien was re.fluxed. fer 24 hours. At the 

end of this time, the mixture was .filtered and the filtrate evaporated 

in vaeue •n the stea bath to a brewn semi-solici residue. This 
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residue was ciiuelved in hot water, treated wita charcoal, ani placed. 

in the icebox for crystallizat.1.en. Fifteen grams of yellow crystals 

of suceinald.ehyde dioxime were obtaine4. This represented a yield. 

of 8%. 

Eleven and six-tenths grams of the dioxime was dissolved in 

108 ml. of 10% sulfuric acid. and the seluti<?n cooled t0 o0 • Fourteen 

grB.118 e! sellci sodium nitrite was aad.ed in small portions to the 

solution.. When all the sodium nitrite had been addea, the mixture 

was allowed to c•e to room teperature and distilled to give a water 

solution ef the desired aldehyde. Accarding ·to Keagle and Hartung, 

the yield should have been approximately 90% or 7.7 grams. 

G. Preparation !..f Glutaral<iehyde 

The method of Cope; Dryden, Overberger and M.ciieco (15) was 

followed. To 174 grams at pyridine and one liter of absolute methanel 

was added 51 grams of stHlium in about 5-gram pieces. The resulting 

0 
selution was cooled to O and a slurry of 154 grams of hydroxyla.mine 

hycirecbloride in 140 ml. ef water an<i 140 ml. of ethanol was added, 

bmediataly followed. by 140 ml. of concentrated hydrochloric acid in 

275 ml. of 95% ethanol. After refluxing for 2 hours, the mixture 

was .filtered. and the filtrate evaporated to JOO ml. Upon cooling, 

a white solid separated; this was dissolved. by adding 154 grams or 

sodiwn hydroxide in 440 ml. o! water. After ether extraction of the 

solutien., 600 ml. of dilute hydrochloric acid (1:1) was added with 

formation of a fioeculent white precipitate. After cooling the 

mixture to 10°, the precipitate was isolated by filtration, washed, 

and dried. Sbct;r-five grams (ay\eld of 50% based on the sodium 

used) of glutaraldehyae diox.ime was obtained. 



Sixty-five grl!lms of the dioxime was disselved in 350 ml. of lo% 

hydrochloric acid and the solution cooled to -10°. A selution o! 
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69.4 grams of sodium nitrite in 100 ml. of water was slowly added t• 

0 
the acid solution, the temperature being kept below -5 • The reaction 

mixture was treated with so•ium carbonate until neutral. The resulting 

solution was !ilterefi anti according to Cope and coauthors, the yiel• 

of glutarald.ehyae should have been ai:proximately 90'I, or 48 grams. 

II. PREPARATION OF POLIHYDROIIHETHILATED OOMPOOIIDS 

A.. Preparation.!! 2-Methoxy-2-h1!ro?Sf1!!thzl-1 13-p~pane4iol 

One hl:1Dlire4 alllll thirty-five grans (4.5 ~,:Jles) of formald.ehyie 

(as 37% formal.in), 108 grss (1.5 meles) of metheJcy"aeetald.ehyll.e 

( the 88-95° fractien obtained. frem catalytically dehydrogenating 

methoxyethanel - see Section I-B), 42 grams (O. 75 meles) of caleiwa 

oxid.e, and. 1400 ml. of water were stiITe4 together for 30 hours., the 

0 
temperature being kept below 40 at all timea. At the end. of this 

time the aldehyde content of the mixture was negligible as tietermi.ne4. 

by the titration methotl ot Donnally (19). '!he solution was neutraliz9' 

with ciilute sulfuric acid. and. filtereci by suctien, using Super-Gel as a 

filter aii. Vacuum evaporation of the .filtrate •n the steEl!l. bath 

yielae4. a viscous, dark b~lCl syrup. This syrup was tiissolveci in an 

equal volue of het methanol and 41.lutei with acetone until no fu.rther 

precipitation was noteti. The mixture was filtereti, using Super-Cel as 

a filter aid.; an. the filtrate evaporated._!!! vacuo on the steam. bath. 

The precipitate obtaine4. by acet.ne tilutien of the methanol 

selutien wae a light brown mass turning to a bl aek tar on contact 

with the air ani was !ouni to contain a large aount of calcium sal. ts. 

It was aauaefl to be calcim !or.mate, calcium. sulfate, and •• 



polyaerie, svgar-like impurities which were insoluble in acetene. It 

was discar,et1. 

The Yi.sceus syrup resulting from evaporation of the .filtrate was 

cissolve4 in a small am.eunt of water, and extractecl twice with ether 

ta remove the yellw color present. Vacwm evaporation or the water 

on the steam bath gave a water-white syrup 1'lhich, when ciistille4, 

0 
yielceti .30 grams or colorless synp boiling at 168-70 /ll mm.. This 

27° 
The fellowing phy'sical constants were tietermine4: ~ 1.4820; 

20° 27° 
~ 1.4836; •40 1.261. 
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The synip erystallizei after staniing for 3 months to a white 

sollc wdeh meltei at 69.2-69.5° (corr.) after recrystallization from 

2-ethoJcy"ethanol. 

The soll• was soluble in coli water, pyritiine, methanol, ethanol, 

anii acetone, insold>le in cold ehlOl"oform, and slightly soluble in 

hot chloroform. 

B. Preparation of 2~Etho:x;y:-2-hydrox;ymethyl-113-propaneaiGl 

Seventy-five grans (2.5 moles) of !ormald.ehyde (as 37% formalin), 

74 grams (0.82 moles) of ethoxyacetaldohyie (the 90-U0° fraction 

obtained from catalytically d.ehyirDgenating etho.Jcy"ethanel - see 

Sectien I-C), 23 grams (0.41 meles) of calcium oxide, and. one liter 

of water were stirre4 together for 16 hours at temperatures below 45°. 

At the en• of this time, the solution was yell.w anti showed little 

aldehy-ie remaining, as Gietermined. by the methoi of Domally (19). 

The solution wa:s eonvert8' t.o puririec eyrup an• vacwa-d.istillei 

just as in the case of the metheJcy" compoun• (see Section ll-A). It 

yiel4le4 36 grams of colorless s;rrup boiling at 181° /ll nm. This 

representei a yiel• of 24% of c2H5oc(CH20H)3•. The syrup inm•ia.tely 



set to a white e17stalline sell• which was reezystallizeti frea 

chloroferm; it then melted. at 80.5-81.0°(corr.). 

The solli was soluble in colti water, pyritine, methanel, ethanol 

an4 acetone. 
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C. Preparation or 2-n-Propox,y-2-hyurox:ymethyl-1 13-propaned.iol 

Twenty-four grams (0.2 moles) of formal.tleh;yie (as 37% formalin), 

30 gra:ns (0.3 moles) of ~-propo~acetaldehyje (as the crud.e distillate 

obtained. i'nm the lead tetraacetate oxidation of glycerol al.pha

mono-n-propyl ether, beillng at 60-80° /105 nm. - see Section I-D), 

8 grams (0.15 moles) or caleia oxide, and 300 ml. of water were 

E> 
stirretl together for 7 hours at teperatures below 35 • At the 

entl of this time, titration shwetl negligible amounts of altlehyie 

present. The solution was cenvertetl to syrup as before (see Section 

II-A); two distillations yielcleti. 5 grams of light yellow syrup boiling 

at 173-5° /11 nm. This rei:resentetl a yieltl of 10% of n-C3HfC(CH20H)3• 

The following physical. constants were determined: ~7° 1.4698; 

27° 
'-40 1.u.5. 

D. Reaction of Suecinaltlehyie !!!:,h Agueeus Fonn.aldehyae in !!!!. 

Presence c,f Calcium. Hyirexid.e 

Sixteen grams (o. 53 moles) et f'ormal.tiehy'Cie (as 37% formalin), 

7. 7 grams ( 0. 09 moles) of suec inaldehyfie ( as the crud.e aqueous 

distillate obtain• from hydrolyzing the tiiexi:me - see Sectien I-F), 

anci 5 grans (0.09 moles) of calci\Jlll oxicie were stirretl together !or 

0 
36 haurs at temperatures b el.ow 35 • The mixture was neutralized with 

sulfuric acitl, filteretl, anti the .filtrate evaporatetl in vacue en the 

stean. bath to yiel'- a small amount of <iark brown, veey viscous syrup. 

The syrup was tiissolvetl in hot methanol, filteretl, anci treatetl with 
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acetene -.ntil no f\ll"ther precipitation was note4.. Filtration ana 

evaporation of the filtrate gave no proauct. The precipitate turnei 

to a black tar on exposure to the air and. contained. a large percentage 

of calcium. salts. le preauct co11la be i~late4 !rem it. 

E. Reaction et Glutaraliehz•• !!!h Agl..eous Formalaehyd.e in .!:h!. 

Presence o! Cal.ciWR Hyaroxicie 

Eighty-six grams (2. 9 moles) of !ormaJ.jehyde (as 37% formalin), 

48 grams (0.48 moles) of glutaralciehyde (as the crude, undistilled 

solution obtaineli frGm hydrolyzing the •ioxime - see Section I-C), 

28 grams (0.5 moles) of calcium ax:ilie, anci 700 ml. of water were 

0 stirrec together for 5 hours at temperatures below 35 , neutralizetl 

with sulfuric acia, filtere•, and evaporated!!! vacuo on the steam 

bath. A dark brown syrup was obtsine4. which was extracted. repeatealy 

with hot ethanol until enly a white precipitate of inorgmic salts 

remainetl. The ethanel solution was !1ltere4 and evaperatecl !.!l vacuo 

to a small volume. A large excess of acetone was a4iae4 to the 

remaining alcoholic solution. A brelG syrup oilefi out leaving a 

light yellow acetone-ethanol solution. The bre111 syrup contained a 

large am•nt of inorganic salts an• iii not crystallize w.i. thin a month. 

The acetene-ethanol solution was evaporatN !B vacuo to yiel• a li!Jit 

yellow, viscous syrup which •i• not crystallize after staniing for a 

menth. 

F. Att•pte4 Reaction of Caaphor !!:1h Formal..tehyde !!l the 

Presence of Alceholic Potassium HJ!rexiae 

Forty-five grams (1.5 moles) of !ormal.tlehyde (as 37% formalin), 

75 gr811ls (0.5 moles) of camphor, and 28 grams (0.5 moles) of potassiUJll 

hytlroxi4.e aissolved in 200 ml. of 95% ethanol were stirrecl together 



for 8 hClllrs at room temperature, renuxetl for an atltlitional 12 hours, 

treate4 wl th anether 28 grans ot potassium. hy\iro.xide and reflwc:eti for 

another 4 houra. The mixture was nntralizeci with sulfuric acid., 

filtere4, anci evaporatetl .3:a vacue on the ste8.Jll bath. The brewn resi4iue 

was extracteci with ether, leaving a resiciue of potassium sulfate anti 

potassiWll formate. Upon evaporation of the ether, all that renaine« 

was camphor. 

G. Reaction ef Citronellal ~ Formaldehne in the Presence!! 

Agueous Calcium l;JrNxicle 

Seventy-tw grans (2.4 moles) ot formal.clehytie (as 37% formalin), 

123 grans (0.8 moles) of eitronellal, 25 grsms (0.4 moles) of calciUJI. 

oxifie, ami 500 ml. of water were vigorously stirred. together for 5 

hwrs at room t•perature and then heate« on the steam bath for 15 

minutes. The two-phase mixture was neutralize« with sulfuric acitl, 

filtereci, ana separateti into the two le,yers. The aqueous layer when 

evaperat• in vacuo on the steam bath yield.eci a breloll tar. The erganic 

layer was washe« with water a «istillei in vacuo. Five milliliters 

of material cistilling at 180-250° /10 nm. and. a large mount of 

citronellal and. c1 tronellol were obtainec. The high-boiling ciistillate 

di« not depesit crystals on staneling for a month. 

H. Reaction 2! Chloreaeetal.4iehz4le !1!:.h Aqueous Formaldehyde !!l the 

Presence ef Calcilm Hy4lroxiAle 

Ninety graas (3 moles) of f'ormal.ti.ehyae (as 37% formalin), an« 

79 grams (1 mele) of chloreacetal.dehyae (as 4Ctl, aqueous SG1ut1.on) were 

stirrN tegether with 400 ml. of water. Twenty-eight grams (0.5 moles) 

ef calciua exiae was aiti.e« to the solution 1n small portions over an 

hoa.:r. At the en« of' 6 hours, the &elution was neutralize• with sulfuric 
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acid, filtered., anfii evaporated in vacuo on the steam bath. The viscoua 

yellow syrup ebtained. was dissolvefi in hot methanol and filtered.. Upon 

evaporation of the methanol, a viscous light yellow syrup was again 

obtain•. When vacwm distillati0n was attempted., charring an• froth-

ing oecurrea.. Therefore, the syrup was placed. in the icebox for crys-

tallization. Itdid not cr,ystallize upon stanaing within one month 

although a definite cloudiness was noteci. 

I. Preparatisn ..2£ 2,2.5.5-Tetrakis-(h:yarox:ymethyl)-1,3.4,6-

hexanetetrol 

One hundreci ana twenty grans (4 moles) of formalciehyw.e ( as 37% 

formalin), 43 grams (0.5 moles) of biacetyl, 28 grams (0.5 moles) of 

calciWll oxide, anfi 500 ml. of water -were stirred. 14gether, the 

calcium. oxid e being aadetl in small anounts aver a perioa of about 30 

minutes. The yellow color of the biacetyl left .inmediately an• the 

mixture heated up so much that external cooling WES necessary. After 

12 hours of stirring at temper atures below 50°, the aJJiehycie centent 

was n,egl.igible and. the mixture was neut ralizecii. with sulfuric acid. ani 

filterefi. The filtrate was evaporateci in vacuo on the steam bath t. 

a viscous syrup which was dissolved in hot ethanol anfi .f'ilterea.. 

Upon vacuum evaporati on ot the ale >hol from the filtrate, 1.34 grams 

of s. clear yellow syrup was obtained.. The syrup aid not cr,ystallize 

on staruii.ng for a month. Hewev•r, by i:reparing a benzylidene deriva

tive from the cruae syrup (see Section V), it was shown that a yiela 

of approximat.ol.;y 8% of [cHOHC{CH20H)3] 2 was obtained, 

J. Preparatjon of 2-Phenyl-2-hydrex.ymethyl-1,3-propanediol 

Ninety grams (3 moles) of formal.d.ehytie (as 37% formal.in), 120 

grams (1 mole) of phenylacetaldehyd.e, 28 gr ams (0.5 moles) of calcium 



oxid.e, antl 800 ml. of water were vigorously stirreci at temperatures 

0 
belw 40 for 2 hours. The phenylacetaldehyeile fliicl not d.ieselve to 

any great extent in the a, luti on during the reaction. At the eml of 

2 hours only traces ef al1:ilhyde were found. in the reaction mixture. 

The mixture was ne11tralizeli lci.. th sulfuric acid, filtered, and the 

precipitate washec with ether. The ether sollltion wa.s combined with 
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the origl.nal filtrate antl the tw .re evaporatea !!! vacuo on the steam 

bath. The brcrwn syrup obtained was distilled. twice in vacuo to yiel.4. 
. --

8 grams o! light yellow liquitl boiling at 208-12° /10 nm. T'nis repre

sented a yiela of 5% of C6H,C(CH20H)3• 

Over a period of tw:, ciaya, the liquia. crystallized. to a yellow 

wuy solii. Recrystallization from chloroform gave large l«lite plates 

melting at 84.5-85.5°(cerr.). 

K. Preparation of 2-n-hydrox,;ymethyl~l,3-propanediol 

Ninety grams (3 moles) of formaldehyd.e (as 37% formalin), 100 

grams (1 mele) of hexanal, anci 500 ml. of water -were stirred. viger

ously together. Twenty-eight grams (0.5 moles) of calcium o.xi«ie 

was aad.e4 wer a period of 15 minut~s and the reaction mixture 

externally cooled to prevent the reaction t•perature from exceed.ing 

509 • The hexanal. di.ti not entirely dissolve in the water but emulsified 

sufficimtl.y to react. At the end of two hours, all but traces of 

aldehyde were gone. The mixture was neutralized. with sulfuric acid., 

!iltereci, ami the t'WO layers of the .filtrate were separated. The 

water layer on vac'Ull.Dl evaporation yieldecl only a brown tar with 

ealciua salts mixed. w.1. th it. The arga1ic layer was washed three 

times with water and ciistilleci twice!!! !!£2 to yielci 28 grams of a 

light yellow, viscous liquid. boiling at 173° /12 mn. This repreaentetl 

a yieltl o! 17% o! c4H9C(CH20H)r It' ilmMiate:q- crystal.lizec to a 
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yellew sol.hl. Upon recrystallization f rom acetonitrile, rectangular 

white needles were obtained which melted at 63-4°(corr.). 

'!'he solid. was soluble in col.Ii ·methanol, ethanol, chloroform, 

acetone, pyridine, an4 ether, slightly soluble in cold water, insoluble 

in cold benzene, and soluble in hot benzene. 

L. Preparat.ion tl 2-n-Hu.yl-2-h:ydrox.ymethzl-1 13-propanecliol 

Twm ty-three grams ( o. 75 moles) of !ormaldeh74• (as Jn formalin), 

32 grams (0.25 moles) of octanal., 7 grams (0.13 moles) of calciua 

oxide, and 2)() ml. or water were stirrei together vigorously. Five 

milliliters of 2% Aereaol OT •lution wre added as an emulsifying 

agent. The mixture was warme4 to 50° on the steam. bath arui helcl at 

that temperature for 2 hours, when titration showed only traces et 

aldehyde present. The mixture was treated jUI t as tor the ,!'!-butyl 

homolog (see Section II-K). It thus yielciecl J grams of a light yellow, 

viscous liquia boiling at 175-80° /l.O mn. This represent8' a ylelAI 

of '7% of c6H13C(CH20H)r The liquli gradually ar;ystallizecl t.o a 

yellow eolid. llilich, llhen :rec17atallizeti from ber.zene, yielded tiny 

white needles melting at 68.0-6S.8°(corr.). 

M. Preparation 2.! 2-n-Octyl-2-hJliiroJCYJ18thyl-113-propaneciiol 

Forty-five grams (1.5 moles) of formalcieby&e (aa 37% formalin), 

75 grams (0.5 moles) of decanal, 14 grams (0.25 moles) of ealeiua 

oxide, and 200 !Ill. of water were stirred together Tigorously below 

50°. Five milliliters of Z' Aerosol OT solution were add.eel as an 

emulsifying agent. At the en• of 4 hours only traces of ald.ehyd.e 

were found presEllt. The mixture was convert.e4 as usual (see Section 

II-K) to 6 grams o! light yellow, visc•ue liquid boiling at 190-200° 

/10 nn. This represented a yield. of 6% of c8~f(CH2ott)3• The liquid 
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graciually crystallized. to a yellow solid. which was recrystallized frea 

bmzene te yield. tiny white needles melting at 72.0-73.0°(corr.). 

III. PREPARATION OF MONOETHIL E'JHERS OF TRIMETHILOL COMPOOIIDS 

A. Preparatien ot 2-n-But.yl-2-etho.p;aethyl-l.3-propane4iol 

Ninety grms (3 meles) of formal.dehyd.e (as 37% formalin), 100 

grams (1 mele) of hexanal, and 400 ml. of ·ethanol were stirre« together 

aDi a solution of 56 grans (1 mole) ef potassium hyd.roxicie in 200 ml. 

of ethanol and 20 ml. et water was graciually afllded to the selution. 

The mixture was externally ooolea initially to keep the temperature 

belw 509 • The solution was stirrfHl for 26 hollrS and by that time 

almost all al.ciehyd.e had reacted.. The sc,lution was neutralized wi. th 

sulfuric acid., filtere4, anci the filtrate evaporatea in vacuo on 

the steam bath. The resulting viscous liquid. was washe« twiee with 

water and cistillei three times in vacuo to obtain tw fractions: 

(a) 10 grams boiling at 137-42° /10 RIil. anci (b) 26 grams boiling at 

161-4 ° /10 nm. Fraction (b) proveci to be 2-n-butyl-2-hyd.ro~thyl-

1,3-propaned.iol and was acic:ieci to another portion of the same material 

(made in Section II-K). Fraction (a) proved to be c4tt9C(CH20H) 2cH2oc2H5, 

the m•noethyl ether of the higher-boiling fraction (b), in .3% yield. 

The following physical constants were determined for fraction (a): 

23° 23° 
nD 1.4526; ci49 0.974. 

B. Preparation!.! 2-(1, 5-Dim.ethyl-5-hexen.yl)-2-ethox;ymethyl-1.3-

pre panediel 

Forty-five grams (1.5 moles) of formalciehyd.e (as 37% formalin), 

77 grams (0.5 meles) of citronellal, and. 20J ml, ,of ethanol were 

stirreti together vigorously. Twenv-eight grams (0.5 moles) or 
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pota•i'Wll hyid.roxWe d.issolve4 in 100 ml. of ethanol and 10 ml. er water 

was grad.ual.ly a4lde4 t0 the mixture. The solution was stirre4l for 27 

hairs at room tsperature, refluxe4 tor 4 hours, treatu with 5 grams 

ef potaasilUl hydroxide to make the solution basic again and. refluxe4 

for an a4lditional 30 minutes. At this time, the alde}'JY'ie content was 

found. to be negligible. The solution was neutralized with sulfuric 

aeicl, filtered, me the 15.ltrate evaporate4l in vaeuo on the steam bath. 

The resultant two-lqer liquia residue was separate4 into a water:- layer 

"vlhich was cliscarcletl and an organic layer which was washe4 three time• 

with water an« clistille4 twice in vacuo to obtain two fractiens: 

(a) 15 grams of light yellow, viscous liqui4l boiling at 161-4°/8 nm. 

antl (b) 5 grams of yellow syrup boiling at 173-210° /8 mm. 

Fraction (b) deposited 100 milllgrams of crystals after standing 

for a month. These crystals were soluble in eolcl acetone, methanol, 

ethanol, ether; pyri411ne md chloroform. ana insoluble in hot water. 

Recn-stallization from bmzene gave till)" neeiles which melted at 

55.5-56.o0(coZT.). This cempoun• was almost certainly 2-(l,5-dimethyl-

5-hexenyl)-2-hydro.x;ymethy-1-1,3-propaneciiel, but only enough material 

was available for d.etermination of carbon and. hydrogen. 

Fraction (a) repNsente« a yield. of 16% of c8H1f(CH20H)fH20Czi5• 

The fellowing physical constants were detemine4 for this traction: 

23• 23° no 1.4748; •4o 0.913. 

C. Preparation of 2-n-Octyl-2-ethoxymethyl-1 13-propaneaiol 

Twenty-six grams (0. 9 moles) of formaldehy-de (as 37% formal.in), 

45 grams (0.3 meles) of tiecanal, 800 ml. of ethanol, and 500 ml. o! 

water were stirred. together. Seventeen grams (0.3 moles) of potas-

siwa h,uroxicie tlissolve4 in 100 ml. of ethanol and 10 ml. of water 
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was a4d.8' gruuall.y over a pei- io4 or .30 minutes. The mixture was 

stiITei for 40 hours at room tmperature at the end of which time the 

aldehycte content was negligible. The mixture was neutralizeti with 

sulfuric acid, filterec, and the filtrate evaporate«!!! vacuo on the 

steam bath until the YollUle was about 500 ml. The tw layers present 

were separated an4i f1rther evaporatecl !!! vacuo on the stem. bath. 

The water la;rer Yieldef only black tar and incrganic salts. The 

organic lqer was evaporated !!! vacuo until all water had been 

removed. When clistilled. twice !a vacuo, it gave 5 grams of light 

yellow liquici boiling at 182-5°/10 nm. This represented a yiela of 

71, of CaH1f (CH20H~,fHl)Ci15· 

The toll.owing physical comtanta were eetennine4: 
23° ' 

d.40 0.935. 

0 

~3 1.4562; 

IV. PREPARATION Jr' TRICHI.raO DERIVATIVES OF 2-ME'IHOXY-., 2-E'lHO.II-., 

AND 2-!!-PROPOXY-2-HYDROXYMETHIL-1,3-PROPANEDIOL 

ROC ( CH20H) 3 -t 3 SOC12 -~ 3 C ;Hf -~ ROC ( CHf 1) J + 

The metho4 used. was that of Mooraaian ani. Cloke (43). Aceoraing 

to these authors, one mole of tri:methylol compound. was dissolved. in 

3 moles of pyriaine; the solution coele4 in an ice bath, anci 3 meles 

of thionyl chloride slowly a.W.eti to the solution with vigorous mech-

anical stirring. The mixture was hea tecl under reflux: until vapors of 

sulfur ciioxide ceased. to come off, cooled, and treated with a volUllle 

ot water equal to the volume of aolution. The mixture was extracted. 

with ether; upon evaperation of the ether, the desireci compound waa 

obtained. 



By the above method., a mlid. triehloro derivative of the 2-

methox;y com.pound. was prepared which, after recrystallization froa 

0 
alcohol, CQDlprl.sed white need.les melting at 59.0-59.2 (corr.). A 

relati vel.y large portion er high-boiling chlorine-containing liquid 

was also obtained which was probably a mixture ef the mono- and 41-

chlorinated. 2-methoxy- compounas. 

Att-.pted preparation of trlohloro derivatives or the 2-ethax:y 

ana 2-n-propaxy c•pounlis by the above method yieldeci onlJr liquii 

proacta centaining chlorine. These were probab~ mixtures of the 

mono- and ai-chlorinated 2-ethoxy- ana 2-!!-prepox;y eompounda. 

V. PREPARAnON OF BFBZYLIDENE DERIV ATIV~ FlDH 'J.'HE NOI-CRYSTALLIZING 

SYRUPS OBTAINED FIDK CHLOROACETALDEHIDE, GLUTARALDEHIDE AND BIACEffL 

The method. used was that of Harm, Ness, Hulli•n (29). Ten gran• 

of synip was ciiHelved 1n 2:) grans of eoncent,rateci hydrochloric acid., 

the soluti. on cooled to o0 , and. 10 ml. or benzal.dehyde added.. The 

mixture was placed in the ice box for 24 hours and was shaken 

occasionally. At the enfi of this time, the mixture was filtered and. 

the precipitate washecl successively w1 th water, alcohol anfi ether an4. 

then recrystallized.. 

The chloroaeetaldehyde and glutaralaehyde syrups gave no pre-

cipitate by the above methCM.. 
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The biacetyl syru.p yielded a white powder which was reerystallize4 

from 2-ethoxyethanol an4, af'ter the last recrystallization, was washetl 

with ether to yield white nee4les which melteci at 172.5-17.3.5°(eorr.). 

This ultimately prove& to be tribenz71idene 2,2,5,5-tetrakis-(hydroxy

methyl)-1,3,4,6-heJt:anetetrol. 



VI. MISCELLANEOUS REACTIOIS 

A. H;rlingais et .!!!,! Benzzliaene Derivative 

Ac:iAl h)"clrolywis of this 4.erintive was att-.pteti in the hope• 

of obtaining the p11re parent comJ)Ollnd but no crystalline prociut 

was ebtain8' upon working up the h;11lro~i• mixture. 

VII. ANALYTICAL KE'l'HODS AND RESULTS 

Carbon and. hyfiro gen aeterminati ena were mad.e by the •r.r com

bustion methetl o! Niefierl ana Nieci.-1 (46). 

Moleeular weight• were detenaine4 eryoscopicall.y by the met.he« 

of Daniels, Mathew•, and. aaaeciatea (16). 
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lly'dre.J'l'l detandnations were made br the methetl et Siggia (55). 

Chlerine cietenainationa were :ma•e by the Parr bomb methecl fell•• 

by gravim.etrle cietermination as Agel. 

Benzylliene d.eterm.inatiena were made by the methe4. er Angy'al 

and. Lawler (1). 



Table 2 

Analytical Data for New Cempolll'llll• 

Compoun• Molecular Wt. Mol: Refraction ! Carben i !jzdregen ! H1dro&l 
Theorz Fo\ln• Theorz Found. Theory Found Theorz Found Theo?Z Founi 

CH300 ( CH20H) 3 136.2 1348 31.51 30.80 44.11 43.98 8.89 9.10 37.5 37.7 

c2H500(CH20H)3 150.2 1488 - - 47.97 47.52 9.39 9.51 34.0 33. 7 

c3H70C(CH20H)3 164.2 - 40.74 40.02 51.22 50.9.3 9.83 9.80 Jl.l Jl.l 

c4H9C(CH20H)3 162.2 1588 - - 59.26 59.47 ll.19 u.u 30.7 .30.7 

c6H13C(CH20H)3 190.3 1808 - - 63.10 63.19 ll.65 ll.70 26.8 26.8 

C3H1f(CH20H)3 216.3 - - - 66.62 M. 76 ll.18 ll.84 

Cgl!1f (CH20H)3 218.3 198c - - 66.01 66.06 12.00 12.22 23.4 23.2 

C6Hf(CH20H)3 182.2 1828 - - 65.91 65.71 7.74 7.88 28.0 28.0 

c4Hf(CH20H) 2 
\ 

265b CH20C2H5 190.3 53.07 52.8.3 63.10 61.58 ll.65 12.14 17.9 18.5 

CgHl f ( CH20H) 2 
\ 

364b 12.46 CH2oc~5 246.4 71.55 71.68 68.23 67.54 12.27 l3.8 14.l 

c8H15c(CH20H) 2 
\ 

294b CHt)Cif5 244/3 69.36 70.65 68.82 68.58 11.54 n.19 13.9 14.0 
\,J 
\,J 



Table 2 (eontinuei) 

Tri.benzylldene 
derivative ot 
2,2,5,5-tetrakis
(hyd.ro:x;rmeth;rl)-
1,3,4,6-hexane-
tetrol, c31H36oS 536.6 

CHJOC(CHf1)3 191.5 

8Cryoscopically in water 

bcryoacepical.l;r in benzene 

ecr;roseopical.l;r in tert.-but;rl alcohol 

69.36 69.47 6.76 6.96 

~ Benzzlicene 
Theory Founi 

50,4 50.4 

! Chlorine 
Theory Founi 

55,6 56,1 

~ 



DIOOUSSIOJJ 

At.t•pt,e4l preparat.ien ot n-buto.x;racetalieh7'e by- catalytic 

ciehydn, gena..t.i on !ailea apparently, largely' becaw; e of the high 

boiling point of the origl.nal alcehel. Working at pressures belew 

atmospheric should bring the yielcis by this metho4. into the uset\tl 

range. 

Apparmtly acicl hJlirolysis of n-butox,-acetaldehytle d.ieth7l 

aeetal shCM14l have been carrie• out in an inert atmosphere. All 

that was obtainec when the hy'a.rolysis was attea.pted. in air was 

the starting material aDi higb-beiling substances. 

It is aoubt!ul lllether any sllccinalclehyde or glutaraldehyd.e 

was obtained as such by cold nitrous acid hydrel.ysis of the respec

tive clioximes. The authors of the t'WO articles which were followed. 

in preparing these aldehJ'lies expresse4. this sane tioubt, but fortu

nately the reactions in ltlich the:, were using the ald.eh7tles were 

such that the dicximes weld serve almost as well as the aldehyd.es 

thanselves. A @)Od. methcd. for the preparatien of these two aldehyde• 

is cletinit ely lacking. 

Several syrups made in this wuic, namely, those made from 

glutaraldeh:,lle, chloroacetalciehyd.e, and biacet7l, had not crystal

lized. at the time of writing of this thesis. hrther wrk coultl 

be done en isolatlng the varieu p:mciuets lfflieh are undoubtedly 

present in the syrups bu.t time was not available for this work. 

Many of the metho4'a ot puru:,ing syrups mentionecl earlier (Historical 



Section) ceuld. be tried. an• posaibl)r ene would. be found which WMil« 

pNTe su.ccesat'lll in the isolation or deaireti products. 

Cam.pher in previous work (40) was shown to be unreactive in 

the Tollens cenaensation -.men the qntheais was performed in aqueoua 

cal.ci\1111. hydroxide. Apparently the internal bridge deactivates the 

hydrogens in the alpha position te the keto g:nup almost completely 

since it has now been shown that the :reaction doea not proceei fl'Sl 

in bot alcoholic potauium h7'irexicle. Both 2- anti 4-methylcyclohex

anone yield.eel the fully })1liroJcy11ethylatecl and reim e4 proiuct (32). 

It ll9uld. be intereating to see if 2-methyl-4-isopr@pylcyclohexanone 

weuld give 2,6,6-tris-(h,iiroxyniethyl)-2-aet.hyl-4-isoprop;rleyclehex-

anol. 

Citronellal was fo'U.lli to be unreactive with formal.tiehyde in 

aqueRs calci.wa hyd.rex:ish but clifi react to giTe the monoethyl ether 

of the 1ull.y h,-roJg1119thylated. cempouni anci a tiny yielcl of the 

trimeth:rlol compound itself in alcoholic pots.alum hydroxide. Its 

unreactivity in aqueous nlution is apparently due to its water

insolubillt;r. B;r the use of Aerosol OT, octanal and decanal, both 

water-insoluble, ciifi react. m.l.sification mq be advantageous in 

many Tollens syntheaes in which the aldehyde or ketone used is 

insolli>le in water, including the qnthesis basff on citronellal. 

The yields en the pol.yhydroJQ" eompeUDlis obtained in this work 

clo not by an;r means represent the maximum obtainable. Yiel4 d.ata 

were included only as a matter or course. In any new synthesis, 

much procb1ct is lest along the experiamtal path owing to unfamili

arity with the precess. Jfo doubt yields in most cases coulci be made 

to correspom to those obtained. in the synthesis of pentaerythri tol 

36 



(60-80%) if work were directed specifically along that line .. 

All molecular w«i.ghts determined cryoscopically in benzene 

were consistently- too high" Since the eomp•unis fer lllhieh the 

molecular waighta were being determined. WGllld hardly be expectei 

to dissolve in such a •lvent as benzene withau.t a great deal or 

hydrogen boniling among the hyd.rox;rl greups or the alcohols, these 

high values can probab].J" be at tribute. to this phenomenon. 

From this ancl previous wcrk it appears the Tellens conchnsation 

gives the predictei products tor aldtilyd.es o! the type yCHfHO a.n4l 

.,. CHCHO alaest without exception. Ketones, in gmeral., give Tollens 
2 

pro4.ucta with greater cti.tticulty- than alaehy-cles, especially when 

the ketene is partially' arematic in nature. This is probably d.ue to 

steric hindrance and to the leaser reactivity o! ketones, in general, 

as comparei to alfiehJ"'es. 

A whole new line o:f syntheses has apparently been opened. by 

the discovery that Tollens condenaatiens carried out in ethanol 

proceed like th~ synthesis o! pentaerythri tol in methanol ( 63) • It 

should be pessible to make a Wlele series e! monoalkyl and monoaryl 

ethers o! pol.yhytlroX1Jllethyl cem:peunda simply by varY"ing the alcoMl 

in which the syntheais ia carriei out. 

If yielia et the ectahydrox;y ••pollDli macie from biacet7l an4 

!ormal.dehycle ceu 1d. be raised to a practical leffl, it weuld. a.pp ear 

this a.apem4 wuld. oftetr pentaerythritel cem.petition in such .f'ielis 

as explesives, resins, drying oils, anri insecticit.es. 

I.f' trichloro comp01111ds coulci be made :from. the 2-alko:xy-2-

hydroJcy1118thyl-l,3-propanediols, they might easily become ertective 

insecticides since they contain an ether linkage 'Which might ma, -. 

37 



the e-.pnnd.a easil7 abserbe4 int.e the beiies of insects amt conse

qlle!l t]Jr all• the halogen port.ien of the mlecule to enter the 

insect's body'. In fact, polyhale compellll&s of an,- e! the other new]Jr

s.rnthesized. compounds mi!Jit also prove useful in this !iela. 
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APPENDIX 

Physical Cons tan ts et Knewn Products Gf Tollens Condensations 

Compeuni Melting Point 8.1'11 Refer- Boiling Peint Refer-
Rec1'7stall1zing enee ence 

Solvent 

C(CH20H)4 26o.5°/water 59 

CH3C(CH20H)3 198.0-198.2°/ 
ethanol 18 
199°/ethanel 36 
200.5° 56 

CiJf (CH20H)3 58.8-59.0°/ 
acetone-ether 17 

(cH3)2CHC(CH20H)J 8J.0-8'J .5° /ether 41 156-8° /15 mm. 38 
82.0-82.1°/ether 18 170-5°/6 mm. 18 

( CH3) ;f, ( CH20H) 2 127°/benzene 34 206°/747 Dill. 34 
127-8°/trichlero-
eth,lene . 61 125-30°/15 mm • 34 
129 /benzene 2 203-4 ° /738 nm. 64 
130° 54 
126-8°/benzene-
petrollWI ether 65 

( C zi;) f ( CH20H) 2 61.0-61.6 0 
54 131 • /13 m.. 54 

(ise-c4H9)2C(CH2-
OH) 2 75-6° 26 

0 
150-5 /15 mm. 26 

c~, 420 113°/12 nm. C(CH OH) 45 45 
CiJ5 2 2 

C~'-.. C(CH OH) lJ+ G 2.3 230°/753 mn. 23 
n-C H/ 2 2 121°/10 nm. 23 
- 3 7 

0~ 5'c(CH OH) 0 54 1526 /10 nm. 54 -CH/ 2 2 41.4-U.9 
!! 4 9 

!!-C5H11C(CH20H)J 59° 21 190°/12 mn. 21 

(C6H5)2C(CH20H)2 102-3°/benzene- 13 
pentene 



CH 
6 5"c(CH OH) 75°/ethanol· 2J 295-6° /753 mm. 23 

CH/ 2 2 165°/12 DIil. 23 3 
c6H5ctt2C(CH20H)J 76° /bmzene 24 

CHJOCH2C(CH20H)J 70° /chlaro.f'orm 62 
72° 47 

2,5-endemethylene-
J-c7clGhexene-l,l-
dimethanol 

0 
142-55 /2-J nm. 11 

2,5-endomethylene 
J-cyclohexene-6-

0 
methyl-1,1-dimeth- 121 /nitromethane ll 

0 o/ anol 69-71 petrolel:El. 11 135-55 /1~3 mm. 11 
ether 

3-cyclehexene-1,1-
92.0• 128°/J mm. di.methanol 54 54 

6-meth71-3-cycl•-
hexene-1,1-dimeth- 45° 25 
anol 45° 54 

J,4,6-tr.1aeth71-3-
cyclohexene-1,1-

86.5° dim.ethanol 25 

J, 4-cU.meth;rl-6-
phenyl-J-cyclehex-

0 25 ene-1,1-dimat.hanol 131.5 

tetrahyd.N-3,3,5,5-
tetrak1a-(b1'1 roq-

155.6° metbyl)-4-pyranol 2 

J-cbloro-J-hydrox,--
methyl-4-i1yd.n.x;r-

61-l' /heptane 2-butanone 33 

3-methyl-3-hyaroxy-
methyl-4-h,a_Nxy-

60°/ehloroform-2-butanone 
0 llgroin M. 138 /16 111. 

2,2,4-tris-(hyd.rox-
yme~yl) . penta-
none · -3- 91° /chloreform 

2,2,5,5-tetraki.8-
(h:ydN~t.1)71)-

1439 /ethanol cyclopentanone 40 



2,2,6,6-tetrakia
(hydreJqmethyl)-
cyclohexanol 131°/ethanol 

2,2,6,6-tetrakis
(hydroxymethyl)-
4-methyleyclo-
hexanol 150°/ethanol 

2,6,6-tris-(hydrox
ymethyl)-2-methyl-
cyclohexanol 100°/ethanol 

45 

40 

40 

40 
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